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THE   PATENT   PNEUMATIC   LOOM   OF   MR.  CHARLES 
W.   HARRISON. 

This  new  loom,  or  as  it  might  be  more  exactly  called,  a  loom  with 
a  new  method  for  throwing  the  shuttle,  is  now  exhibited  in  work  at  Old 
Swan  Wharf,  London  Bridge.  Any  improvement  in  power  looms  may 
affect  the  working  of  nearly  500,000  such  looms  in  the  United  King- 
dom— the  labour  of  more  than  775,000  people — the  manufacture  of 
1,200,000,000  lbs.  of  cotton  alone,  independently  of  woollen,  worsted, 
and  other  fabrics — the  annual  product  of  labour  and  material  of 
£81,000,000  of  exports ;  its  true  value  can  therefore  be  fairly  estimated. 
The  importance  of  the  subject  is  further  evident  from  the  fact  that, 
of  the  number  of  persons  forming  the  "  industrial  classes,"  amounting 
to  4,828,399,  no  less  than  2,231,617  are  engaged  in  working  and  deal- 
ing in  textile  fabrics  and  in  dress. 

The  loom  in  existence  before  the  periods  of  history,  continued  without 
any  important  changes  until  Kay,  by  the  invention  of  the  fly  shuttle  (in 
1732).  dispensed  with  the  necessity  of  the  weaver  throwing  the  shuttle 
with  his  hands  alternately,  from  one  side  of  the  warp  to  the  other,  and 
left  the  right  hand  at  liberty  to  throw  the  shuttle  each  way,  and  the  left 
to  bring  the  reed  or  slay  or  lathe  up  to  the  fell.  This  arrangement 
existed  until  1785,  when  Dr.  Cartwright  substituted,  for  the  hands  of 
the  weaver,  the  mechanism  of  the  picking-motion,  and  worked  the  loom 
by  steam-power. 

The  project  of  weaving  by  a  power  loom  was,  however,  originated 
and  explained  long  before  the  time  of  Dr.  Cartwright,  and  is  due  to  a 
French  naval  officer,  M.  de  Gennes,  who  communicated  his  design  to 
the  French  Academy  of  Sciences  in  1678,  and  whose  proposal  appeared 
in  the  Philosophical  Transactions  for  June  of  the  same  year,  accom- 
panied by  an  engraving  of  the  loom  invented  by  him. 

Dr.  Cartwright's  invention,  as  it  existed  at  the  time,  was  not  a  very 
perfect  substitute  for  the  human  hand,  inasmuch  as  the  motion  given 
by  the  picker  to  the  shuttle  did  not  produce  so  good  a  fabric  as  the 
weaver  could  by  the  fly  shuttle. 

One  of  the  most  important  improvements  in  the  loom  was  the  motion 
for  stopping  its  action  when  the  shuttle  was  displaced,  thus  saving  it 
from  being  broken  :  this  was  perfected  by  Mr.  Robert  Miller,  of  Dum- 
barton, in  1796,  who  called  it  a  "protector,"  and  the  loom,  of  Miller's 
construction,  was  called  the  Wiper  loom,  from  the  motion  of  the  shuttle 
being  effected  by  cams. 

Subsequently,  Mr.  Horrocks  applied  the  motion  of  the  crank  to  the 
lathe,  so  as  to  work  it  by  the  direct  action  of  the  motive  power.  By 
this  means,  he  not  only  got  rid  of  the  springs,  but  of  the  two  wipers 
connected  with  them,  the  two  treadles,  the  straps,  and  the  two  rollers 
for  changing  their  direction  in  the  lathe.  This  loom,  called  the  Crank 
loom,  has  had  many  modifications  in  other  movements  ;  but  the  picking 
motion,  with  all  its  imperfections,  has  remained  with  little  alteration  up 
to  this  time. 

In  Latham's  "  Practical  Guide,"  for  operative  weavers,  the  acci- 
dents and  disorganization  consequent  upon  the  imperfections  at 
present  existing  in  the  loom,  and  especially  in  the  picking  motion, 
are  pointed  out  in  detail,  and  instructions  are  given  for  dealing  with  them. 

T1I1KD  SEEIES. — VOL.  I. 


These  observations  practically  point  to  the  necessity  for  improve- 
ment in  the  pickiug  motion,  which  Mr.  Harrison's  patent  is  intended  to 
supersede.  He  saj'S,  that  "  as  to  the  importance  of  good  pickers  there 
exists  but  one  opinion  :  they  form  one  of  the  most  important  items  of 
wear  and  tear  in  weaving." 

The  wear  of  the  picker  by  the  shuttle  tip  often  causes  the  shuttle  to 
fly  out,  or  "  if  the  spring  at  the  back  of  the  shuttle  box  be  too  weak  on 
the  loom  without  swells,"  or  "  if  the  spindle  studs  be  too  low,"  or  "if 
the  loom  pick  too  soon  or  too  late,"  the  shuttle  will  fly  out ;  hence  this 
dangerous  and  retarding  contingency  of  the  shuttle  flying  out  is  inti- 
mately dependent  on  the  picker. 

The  turning-over  of  the  shuttle  is  very  much  dependent  on  the 
picker. 

"  However  well  a  piece  may  be  woven,  if  the  selvage  be  bad,  it  is 
called  a  spoiled  piece  ;  and  so  it  is,  for  nothing  looks  worse  than  a  bad 
selvage  :"  and  among  the  few  causes  of  a  bad  selvage  are  "  the  loom 
picking  too  late,  or  too  weak,  or  too  slow." 

Amongst  the  other  mischievous  derangements  traceable  to  the  picker 
are — "  cutting  the  weft*"  the  weft  catching  ;  "  it  catches  fifty  times  on 
the  picker  for  once  in  any  other  place."  The  blacking  of  the  weft  and 
the  snicking  of  the  weft ;  the  knocking  off  of  the  cops  ;  "  a  strained 
reed,"  which  may  be  caused  "  by  the  picker  breaking  and  wearing 
into  the  shed — are  other  evils  more  or  less  directly  traced  to  the 
picker." 

Finally,  with  regard  to  the  picker,  "  a  loom  may  bang  if  it  does  not 
pick  strong  enough;'1''  or  "if  it  picks  too  strong,  it  will  cause  the 
shuttle  to  rebound  or  slip  back,  and  the  loom  will  bang;"  "if  the 
springs  at  the  back  of  the  shuttle  boxes  be  too  weak,  the  shuttles  will 
bounce  back,  which  effect  is  also  produced  by  the  picking  ball  being 
loose  ;  "  if  the  back  strap  or  the  picking  band  be  broken,  the  loom  will 
bang."  All  these  evils  thus  catalogued  are  sufficient  to  prove  at  least, 
that  great  nicety  of  adjustment,  and  continual  watchfulness  on  the  part 
of  the  weaver  to  preserve  these  adjustments  in  their  exactitude,  are 
indispensable  to  the  employment  of  the  existing  methods  of  throwing  the 
shuttle. 

White,  in  his  "  Practical  Treatise  on  Weaving,"  observes,  that 
"  the  motion  of  picking,  from  the  suddenness  of  the  tug,  is  a  severe  kind 
of  strain  on  the  machine,  and  so  are  the  other  motions  included  in 
shuttling :  and  the  efficiency  and  durability  of  the  loom  depend  on  its 
stability  in  action." 

Any  one  observing  the  motion  of  the  picker,  and  the  heat  of  the 
spindle,  will  be  satisfied  of  the  great  friction  from  that  cause  alone ; 
and  by  a  calculation  of  the  leverage  of  the  arm  of  the  picking  shaft  and 
the  power  to  work  it,  it  will  be  found  that  the  picking  motion  produces 
the  greatest  oblique  strain  of  all  the  motions  in  the  power  loom. 

Mr.  Harrison's  patent  introduces  a  new  principle  of  motion  for  the 
shuttling,  viz.,  a  jet  of  compressed  air  discharged  from  the  valves  of 
the  shuttle  box  upon  the  end  of  the  shuttle  at  each  pick  or  stroke.  It 
is  not  therefore  a  mere  improvement  in  the  machinery  and  details  of  the 
existing  picker — it  is  the  removal  of  that  imperfect  motion,  and  the 
substitution  of  the  pneumatic  principle,  simply  and  beautifully  applied. 
This  change  must  obviously  tend  to  remove  the  greater  part  of  those 
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contingencies  which  disturb  the  action  of  the  loom,  diminish  the  quantity 
of  work  executed,  and  deteriorate  the  quality  of  the  cloth,  which  haye 
been  pointed  out. 

From  experiments  made  on  the  ordinary  loom,  and  the  pneumatic 
loom,  Mr.  Thomas  Page,  C.E.,  who  has  reported  on  this  invention, 
considers  that  the  useful  maximum  working  velocity  in  the  old  loom 
may  be  taken  at  180  picks,  or  strokes,  per  minute,  but  in  the  pneumatic 
loom  may  be  taken  at  240  strokes  per  minute.  This  conclusion  is  on 
the  condition  that,  at  these  velocities,  each  loom  would  be  equally  liable 
to  the  breakage  of  the  weft,  and  other  contingencies,  due  to  a  high 
velocity. 

The  contrivance  by  which  the  pneumatic  loom  is  distinguished, 
may  be  simply  described  as  being  this— that  in  place  of  the  shuttle 
being  thrown,  by  a  sudden  jerk,  delivered  against  its  hinder  end — and 
which  mechanical  impulse  may  or  may  not  pass  through  the  centre  of 
gravity  of  the  shuttle  in  direction,  and  therefore  may  not  cause  it  to 
fly  straight — the  shuttle-box  at  either  side  of  the  loom  is  converted 
into  the  barrel  of  an  air  gun,  a  short  and  square  barrel,  which  the 
shuttle  completely  fills,  like  a  "quarrel  bolt"  or  an  elongated  shot.  At 
the  remoter  end  of  each  such  "  shuttle  air  gun  "  is  a  small  valve  box, 
by  opening  the  valve  in  which  by  movement  taken  from  the  loom  itself, 
at  the  right  moment  a  puff  of  confined  air  is  discharged  suddenly 
behind  the  shuttle,  and  by  its  projectile  force  the  latter  is  shot,  with 
all  the  exactness  of  force  and  precision  of  aim  of  any  other  elongated 
rifled  projectile,  out  of  the  one  shuttle  box,  through  the  web,  and 
into  the  opposite  shuttle  box,  from  out  of  which  it  is  in  turn  again  in- 
stantly discharged  back  into  the  first,  and  so  on. 

The  tension  of  the  compressed  air  which  is  given  by  a  common 
condensing  pump  worked  by  the  engine,  does  not  appear  to  be  very 
considerable ;  we  ourselves,  however,  were  not  placed  in  a  position  to 
observe  what  is  the  pressure  employed.  The  relative  power  consumed 
by  the  old  and  new  loom  will  obviously,  on  one  side,  depend  upon  what 
"work"  is  obliged  to  be  absorbed  to  compress  the  required  volume  of  air ; 
and  upon  the  other,  what  "work"  is  lost  in  the  old  loom  in  producing  by 
obliquely  acting  movements,  that  sudden  jerk  with  high  velocity,  which 
is  indispensable  to  propel  the  shuttle  by  direct  mechanical  motions.  A 
certain  amount  of  power  must  be  wasted  in  both  cases,  but  we  are  dis- 
posed to  believe  (in  the  absence  of  such  experiments,  however,  as  alone 
could  decide  this  point  scientifically  and  certainly)  that  this  loss  may  be 
less  with  the  pneumatic  than  with  the  common  loom.  That  the  action 
of  the  pneumatic  shuttle  will  be  prodigiously  more  exact,  and  this 
exactness  almost  perfectly  constant  when  once  adjusted,  are  advantages 
over  the  old  complex  jerk  movement  that  we  do  not  think  admit  of 
question.  Apart  from  all  other  considerations,  it  is  inevitable  that  a 
movement  of  propulsion  depending  upon  a  jerk  given  through  many 
moving  pieces  to  a  sliding  piece  of  small  inertia,  and  finally  to  a  body 
(the  shuttle)  propelled  by  being  struck  at  a  point  which  cannot  but  vary 
with  wear— must  be  greatly  more  uncertain — and  the  flight  of  the  shuttle 
resulting  from  it  much  less  direct,  uniform,  and  sure — than  where  shot 
from  a  smooth  quadrangular  barrel,  by  an  impulse  of  elastic  gas,  which 
in  direction  and  force  can  scarcely  vary. 

And  as  this  uniformity  of  force  and  constancy  of  direction  in  flight 
are  paramount  to  all  other  considerations — as  upon  these  depends  the 
absence  of  derangements  in  the  progress  of  the  work  of  the  loom — so 
we  think  the  question  of  a  little  greater  or  less  power  consumed  is  at 
most  only  secondary. 

This,  however,  is  perhaps  also  in  favour  of  the  pneumatic  loom. 

It  is  stated  by  Mr.  B.  Fothergill,  who  has  also  reported  on  this 
loom,  as  regards  the  facility  of  repairs,  by  keeping  in  stock  a  few 
duplicate  valve  boxes,  no  machine  need  be  kept  out  of  operation  for 
any  long  period  in  case  of  breaks-down,  which  so  frequently  arise  in 
looms  fitted  with  the  ordinary  "picking"  apparatus. 

Tha  pneumatic  apparatus  is  capable  of  being  applied  to  ordinary 
looms  at  a  moderate  cost,  as  satisfactorily  as  though  originally  con- 
structed upon  the  pneumatic  principle ;  and  when  so  fitted,  an  overlooker 
will  be  capable  of  superintending  a  larger  number  of  looms  than  at 
present. 

A  great  advantage  is  also  gained  in  the  perfect  cleanliness  of  the 
fabric  produced  by  this  loom.  It  is  a  well-known  fact  that  the  large 
number  of  working  parts  connected  with  the  old  "picker"  motion  require 
constant  lubrication ;  this  is  entirely  avoided  in  the  pneumatic  loom, 
and  there  is  also  an  important  economical  advantage  gained  by  dispens- 
ing with  the  lubricating  material  altogether. 


In  a  sanitary  point  of  view  the  operatives  will  breathe  a  purer 
mosphere,  and  they  will  also  be  more  free  from  nauseous  smells,  as  well 
as  from  the  deafening  noises,  consequent  upon  the  working  of  the 
apparatus. 

There  is  but  little  noise  in  the  loom  we  have  seen  at  work  in 
London.  What  exists  is  confined  to  two  causes — the  sudden  emission 
of  the  jet  of  compressed  air,  and  the  stroke  by  which  the  shuttle  is 
"brought  up"  when  received  in  the  opposite  shuttle  box.  Both  of 
these  would  be  greatly  reduced  by  simply  clothing  the  valve  and 
shuttle  box  at  each  end  with  a  loose  bag  of  felt  or  similar  material, 
slipped  over  it  like  a  nightcap,  by  which  the  sound  would  be  greatly 
deafened. 

The  pneumatic  principle  can  be  applied  to  every  description  of 
weaving  operations,  and  the  old  looms  can  be  readily,  and  inexpen- 
sively, converted  into  pneumatic  looms.  The  increased  velocity  of 
the  pneumatic  loom,   making  240  picks  per  minute  instead  of  180, 

Fig.  1. 


should  add  one-third  to  the  production  of  the  fabric;  but  taking  it  at 
one-fourth  above  each  ordinary  loom,  making  222  yards  per  week,  say 
11,100  yards  per  year,  there  would  be  an  annual  increase  of  2,800 
yards  turned  off  by  each  pneumatic  loom. 

Mr.  Harrison's  original  patent  bears  date  the  15th  of  November, 

Fig.  2. 


1862,  No.  3097,  and  our  readers  will  find  his  specification  at  page  182, 
vol.  viii.,  second  series,  of  Practical  Mechanic's  Journal.  On  referring 
to  the  engraving,  fig.  1  (which  for  convenience  of  reference,  we  re- 
introduce here),  it  will  be  seen  that  Mr.  Harrison  contemplated  not  only 
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the  driving  of  the  shuttles,  but  also  the  working  of  the  sley  by  pneumatic 
power.  An  air  cylinder  is  situate  in  the  centre  of  the  loom  framing, 
the  piston  rod  of  which  cylinder  is  connected  by  straps,  passed  over 
suitable  guide  pullies,  with  the  sley,  and  imparts  a  horizontal  reciproca- 
ting motion  to  the  reed. 

Mr.  Harrison  obtained  a  second  patent  on  the  22nd  of  August,  1864, 
for  further  improvements  in  pneumatic  looms.  Fig.  2  represents  a 
longitudinal  section  of  the  improved  arrangement  of  pneumatic  picking 
mechanism.     It  is  described  in  his  specification  as  consisting  of  an  air- 


Fig.  3. 


Fig.  4. 


tight  box  or  casing,  I,  furnished  with  a  nipple  or  socket,  t',  and 
valve  or  plug,  j;  v  is  the  shuttle  box,  into  which  the  nipple  and  valve 
open.  This  box,  I,  is  attached  to  the  end  of  the  lathe,  and  the  valve, 
J,  is  worked  by  means  of  an  inclined  stud  or  projection,  t,  bolted  to  the 
side  of  the  tooth  wheel,  s,  which  is  driven  by  a  pinion  on  the  main 
axis,  or  crank  shaft  of  the  loom,    o  is  a  rod  supported  by  a  bracket,  Q, 

fixed  on  the  underside  of  the  lathe; 
the  outer  end  of  this  rod  passes 
through  a  stuffing-box,  P,  and  is 
connected  to  a  lever,  m,  which  is 
again  connected  with  the  stem,  n, 
of  the  valve,  l  is  a  spiral  spring, 
and  h  is  a  pipe  for  conveying 
compressed  air  into  the  box,  I ;  a 
concave  buffer  of  leather,  X,  fits 
over  the  end  of  the  shuttle,  w, 
when  boxed.  Figs.  3  and  4  illus- 
trate a  mode  of  adjusting  the  extent 
of  opening  in  the  valves,  and  there- 
by of  varying  the  strength  of  the 
"  pick."  A  is  a  portion  of  the 
loom  framing,  to  which  is  bolted 
a  bracket,  I,  carrying  a  pin  or 
axis,  m,  on  which  the  lever,  u, 
works.  This  axis  is  made  to  slide 
in  a  slotted  rest  by  a  key  applied 
to  the  screw-spindle,  n.  1  is  an 
incline  on  the  spur  wheel,  and  s' 
is  a  bowl  carried  on  the  end  of  the 
lever,  u,  the  opposite  end  of  such  lever  being  connected  to  the  before- 
mentioned  rod,  o,  which  works  the  valve.  Fig.  5  represents  one  of  the 
modes  which  Mr.  Harrison  proposes  for  connecting  the  "  detector,"  or 
weft  fork,  with  a  tap  or  valve,  in  order  that  it  may  shut  off  the  supply 
of  air  from  the  air  boxes  when  the  weft  is  used  up  or  broken.  F  is  a 
pipe  for  conveying  the  compressed  air,  which  is  carried  up  the  sword 
arm,  c,  to  the  pipe,  I,  in  the  lathe,  d  ;  or  the  sword  arm  may  be  made 
hollow  to  serve  as  an  air  dnct  itself,  p  is  a  tap  of  any  suitable  kind, 
through  which  the  air  passes  from  the  main  supply  pipe.  It  is  turned 
by  a  small  endless  gearing  chain,  o,  passed  round  a  pulley  on  the 
plug  of  the  tap,  a  similar  pulley,  p' ,  being  carried  by  a  bracket  at  the 
loom  side  near  the  weft  fork,  q.  On  the  weft  fork  acting,  the  lever,  r, 
will  be  forced  back,  and  the  pulley,  p',  partly  turned  thereby  through 
iSe  chain,  o,  closing  the  air  tap,  p.  Mr.  Harrison  also  describes 
se.^-acting  pneumatic  arrangements  for  letting  off  the  warp,  and 
for  applying  the  break,  which  possess  a  considerable  amount  of 
ingencjty. 


BOYD'S  SELVAGE  MOTION. 

We  have  much  pleasure  in  bringing  before   our  readers  this  very 
ingenious  contrivance,  which  has  been  patented  only  some  eighteen 


months ;  and  though  during  that  time  the  trade  in  the  weaving  districts 
has  been  generally  dull,  this  little  apparatus  has  received  much  atten- 
tion, and  many  hundreds  of  them  are  now  in  operation.  We  may 
state  that  many  manufacturers  have  found  it  both  a  saving  and  an 
advantage  to  have,  instead  of  nar.row  looms,  looms  wide  enough  to 
receive  two  and  sometimes  three  pieces  of  cloth  in  one  breadth,  which 
are  afterwards  separated  by  cutting.  The  object  of  this  invention  is 
to  effect  the  tying-in  of  the  warp  and  weft  threads  at  such  places  in 
the  breadth  of  the  fabric  where  the  pieces  are  to  be  cut  up,  so  as  to 
make  an  imitation  selvage,  strong,  neat,  and  firm,  that  will  not  after- 
wards readily  give  way,  nor  allow  the  cloth  to  open  out  at  these  edges. 
This  apparatus,  so  compact  in  itself,  and  combining  great  simplicity  of 
parts  with  general  neatness,  has  the  advantage  of  being  easily  adapted 
and  worked  on  any  sort  of  hand  or  power  loom.  One  "  selvage 
motion  "  makes  the  two  adjoining  selvages.  Each  selvage  is  formed 
by  a  thread,  A,  being  twisted  or  warped  round  a  thread,  b,  in  the  pro- 
cess of  weaving  (in  the  figures  only  one  pair  of  threads  are  represented;. 
The  thread,  A,  is  wound  on  a  bobbin  contained  in  a  shuttle  which  is 
held  loosely  in  one  of  the  spaces  of  the  casing,  3  (formed  by  combining 
three  steel  plates  together  in  a  vertical  position),  by  a  slightly  raised 
rim  or  socket  on  the  centre  plate  (as  seen  in  Fig.  1).  The  tension  of 
the  thread,  A,  is  regulated  by  a  small  spring  and  holes  on  the  friction 


Fig.  1. 


Fig.  2. 


■ 


plate  of  each  shuttle.  The  second,  or  b  thread,  which  must  also  have 
a  proper  tension,  is  wound  on  a  bobbin  placed  behind  the  loom,  and  is 
drawn  through  one  of  the  little  eyes  in  the  metal  strip,  H,  and  through 
one  of  the  shuttle  spaces  of  the  casing,  and,  along  with  its  respective 
shuttle  thread,  A,  is  taken  between  the  heddles  and  through  a  space  in 
the  rent  at  such  places  as  the  selvage  is  required.  All  that  Is  requisite 
in  working  this  mechanism  is  to  cause  the  casing,  3,  and  the  back  strip, 
4  to  reciprocate  in  concert  with  the  heddles,  5,  6,  in  any  convenient 
manner.     One  method  of  accomplishing  this  is  represented  in  the 
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drawing.  The  leather  straps,  7,  8,  are  passed  round  pulleys,  9,  1 0, 
actuated  by  a  strap,  13,  from  the  heddle  roll  or  tappets,  and  carried  by 
brackets  fixed  to  the  framing  of  the  loom.  By  this  arrangement 
the  threads,  a  and  b,  are  alternately  brought  to  the  top  and  bottom 
of  the  shed.  The  shuttles,  s  s,  being  held  loosely  in  their  respective 
spaces  (so  that  the  threads,  B  B,  drawn  through  the  same  may  pass 
freely  on  either  side  of  them),  and  bevelled  on  their  edges  at  top  and 
bottom,  in  a  manner  which  is  best  explained  by  reference  to  Fig.  1, 
as  they  are  reciprocated  by  the  casing,  3,  they  pass  continually  along 
with  their  threads,  marked  A,  up  the  centre,  and  down  on  the  outsides 
of  their  respective  threads,  marked  B,  which  causes  the  continual 
twisting  of  the  one  set  of  threads  round  the  other,  thus  tightly  binding 
or  tying  in  the  weft  of  the  two  contiguous  selvages. 


REPORT  OF  THE  COMMISSIONERS  APPOINTED  TO  INQUIRE 
INTO  THE  WORKING  OF  THE  LAW  RELATING  TO 
LETTERS  PATENT  FOR  INVENTIONS. 

PRESENTED   TO    BOTH   HOUSES   OP   PARLIAMENT,   1865. 

We  deem  it  advisable  upon  the  whole  to  print  in  full  the  Report  of 
this  Commission,  not  so  much  for  the  value  of  every  portion  of  its 
somewhat  prolix  paragraphs — for  whatever  marrow  the  Report  contains 
is  comprised  mainly  in  a  few  of  these — but  because  at  this  juncture, 
when  so  much  agitation  has  been  got  up  by  some  persons,  led  by  the 
Times,  for  a  total  abolition  of  the  law  of  patents,  we  think  it  important 
that  all  who  are  really  interested  in  invention,  and  the  proceedings  which 
protect  it,  should  possess  the  fullest  information  as  to  what  may  be 
authoritatively  aimed  at  in  the  way  of  change,  or  improvement,  or  pos- 
sibly abrogation. 

It  is  difficult  to  discern  what  may  be  the  real  motives  of  the  Times 
in  its  persistent  crusade  against  patents,  or  with  what  undeveloped  views 
it  hounds  on  a  number  of  its  anonymous  correspondents  upon  the  same 
scent. 

Perhaps  if  one  knew  more  of  the  secrets  of  Printing  House  Square, 
it  would  be  found  to  have  no  better  or  wiser  origin  than  this — that  a 
leading  newspaper,  like  a  leading  politician,  must  come  before  its  con- 
stituents in  dull  and  drowsy  domestic  times  with  "a  new  cry ;  "  and  the 
patent  law,  which  can  be  so  readily  misrepresented  in  the  popularly 
odious  light  of  "a  statute  of  monopolies,"  affords  just  such  a  set  of 
conditions  as  will  answer  a  newspaper  editor's  contrivance.  It  has 
been  said,  however,  with  some  colour  of  truth,  that  patronage  and  pro- 
motion for  "  the  Brompton  Boilers "  is  the  true  secret  of  the  Timed 
procedure,  with  the  rather  far-fetched  view,  that  the  abolition  of 
patents  would  be  followed  by  a  grand  permanent  Commission  for  the 
examination  and  national  reward  of  inventors — under  the  presidency  of 
Cole  &  Company — to  be  followed  by  the  production  of  a  Patent  Museum, 
upon  "  the  property  of  the  Commissioners,"  of  several  acres,  with  a 
regiment  of  curators  and  officers,  and  endowed,  like  a  fungus,  with  the 
power  of  rapid  and  never-ending  expansion. 

The  inner  nature  and  working  of  the  world  of  invention,  of  inventors, 
and  of  patents,  are  scarcely  known  at  all  to  the  public  at  large — very 
little  so  to  the  legislature ;  we  question  if  there  are  twenty  members 
of  the  House  of  Commons  who  are  fully,  experimentally,  and  exactly  up 
upon  the  subject;  and,  with  the  exception  of  the  law  lords,  perhaps  not 
a  single  member  of  the  House  of  Peers  is  at  all  so. 

Nothing  is  easier  than  to  act  upon  so  great  a  surface  of  imperfectly 
informed  men,  by  exaggerated  statements  of  difficulties,  losses,  abuses, 
and  so  forth — all  the  more  formidable,  both  to  those  against  whom  the 
accusations  are  levelled  and  to  the  public  that  hears  them,  because  left 
ill-defined  and  obscure,  both  by  intention,  and  by  the  ignorance  so 
obvious  in  the  writers  themselves. 

Whatever  indeed  may  be  the  undeveloped  motives  in  play,  the  pre- 
texts set  forth  for  three  years  past,  both  in  its  leaders  and  through  the 
correspondents  of  the  Times,  for  the  abolition  of  patents,  have  evinced 
the  utmost  want  of  knowledge,  and  occasionally  the  most  extraordinary 
absence  of  logical  sequence. 

It  is  really  worth  while  to  preserve  a  specimen  or  two  of  the  swollen 
nonsense  that  these  tirades  have  been  made  up  of,  as  a  test  for  futurity 
of  the  clearness  of  thought  and  exact  knowledge  possessed  by  patent 
abolitionists  of  1861  to  1865:— 

"  There  is,  however,  this  year  a  novelty  in  the  topics  discussed  in 


the  report  of  the  Law  Amendment  Society  and  in  the  speech  of  the 
chairman.  Both  the  society  and  the  law  officers  have  become  fully 
alive  to  the  intolerable  evils  which  are  falling  upon  the  land  by  reason 
of  our  monstrous  patent  law.  The  history  of  the  world  does  not  show 
such  an  effective  instrument  for  cramping  the  human  mind,  and  stopping 
all  improvement,  as  is  elaborately  contrived  by  this  extraordinary  code. 
If  you  would  preserve  a  flower  in  its  exact  present  shape,  we  believe 
the  process  is  to  put  it  into  a  box,  and  then  drop  into  the  box,  grain  by 
grain,  quantities  of  flue  sand  until  you  have  buried  the  flower  and  filled 
up  the  box.  This  is  what  we  are  doing  with  all  our  arts.  Grain  by 
grain  monopolies  fall  all  around  them,  and  softly  rise  over  them.  Not 
a  fibre  of  the  old  plant  is  displaced  nor  a  leaf  disarranged,  but  if  it 
should  attempt  to  expand  it  will  find  every  minute  portion  of  space 
occupied.  The  heavy  mass  of  atoms  imprisons  it,  and  coerces  it  to  its 
original  form.  We  have  treated  the  domain  of  thought  as  our  Norman 
Conqueror  treated  the  domain  of  England.  He  parcelled  it  out  darkly, 
in  such  general  phrases  that  no  man  could  move  a  step  without  finding 
himself  a  trespasser  on  some  one  else's  land.  We  must  now  have 
another  Doomsday  Book  to  show  us  who  are  the  lords  who  hem  in  our 
thoughts  and  our  inventive  faculties,  and  where  the  limits  of  their  mono- 
polies run.  The  nuisance  has  now  risen  to  such  a  height  that  a  trades- 
man cannot  make  a  hairbrush  or  a  pair  of  snuffers,  or  a  corlcscreiu,  or 
a  pencil-case,  or  any  other  of  the  ten  thousand  objects  of  daily  traffic, 
without  being  sure  that  he  makes  it  upon  a  pattern  twenty-one  years  old. 
If  he  should  vary  a  hair's-breadth  from  the  ancient  models,  and  dare 
the  least  improvement,  such  dreadful  facilities  of  persecution  have  been 
devised  against  him  within  the  last  ten  years  that  any  one  judge  may 
issue  an  injunction  against  him,  and  all  the  batteries  of  the  law  are 
specially  pointed  so  as  to  give  him  no  chance  of  escaping  ruin.  Every 
handicraftsman  is  boxed  up  on  all  sides  like  the  flower  we  spoke  of, 
only  the  sand  is  hot  sand  and  burns  the  poor  man  to  death.  Most  of 
these  cases  work  monstrous  injustice." — Leader  of  the  Times. 

Let  us  also  present  a  sample  of  the  sort  of  weighty  argument  brought 
forth  of  its  correspondents. 

One  of  these  under  the  signature  "Q,"  which  (whether  erroneously  or 
not)  common  report  attributes,  with  several  like  letters,  to  an  author 
who  has  filled  many  paragraphs  of  his  "  Metallurgy  of  Iron  "  with  dia- 
tribes against  patents  and  patentees,  has  the  following : — 

"  We  should  exercise  a  wise  caution  in  not  confounding  inventors 
with  patentees.  These  terms  are  very  far  from  being  necessarily  con- 
vertible. Invention,  or  as  it  might  more  properly  be  called,  scheming, 
has  become  a  regular  trade.  Schemers  are  perpetually  on  the  alert  to- 
plunder  the  brains  of  poor  honest  inventors,  and  no  sooner  do  they  seize 
their  spoil  than  off  they  run  to  the  Patent  office  to  obtain  the  sanction 
of  law  for  its  retention.  Many  examples  of  cruel  robbery  of  this  kind 
might  be  readily  adduced.  Immediately  it  becomes  known  that  a 
patented  invention  is  successful  in  a  pecuniary  point  of  view,  or  likely 
to  be  so,  every  effort  is  made  either  to  upset  the  patent  or  to  evade  it 
by  some  modification,  which  is  just  beyond  the  limit  of  what  would  be 
pronounced  a  'colourable  imitation.'  Costly  litigation  is  the  result, 
and,  owing  to  the  incompetency  of  our  courts  to  deal  with  these  sub- 
jects, justice  is  often  defeated,  and  the  rogue  wins.  ■  While  no  one 
would  utter  a  syllable  in  disparagement  of  the  men  who  have  worthily 
earned  for  themselves  the  title  of  '  inventors,'  and  who,  by  their  im- 
provements in  the  industrial  ails,  have  done  much  to  advance  the 
civilization  of  mankind,  yet  we  may  with  reason  ignore  the  shallow  pre- 
tensions of  a  large  class  of  self-styled  inventors,  and  deny  them  to  be 
such  disinterested  benefactors  of  the  human  race  as  they  would  fain  have 
us  believe.  When  a  frog  attempts  to  blow  himself  out  to  the  size  of  an 
ox,  he  will  inevitably  burst." — The  Times,  19th  February,  1863. 

We  are  sorry  we  cannot  say  these  are  vox  el  praiterea  nihil,  for  they 
seem  very  like  inapposite  nonsense,  though  dignified  with  the  large 
type  of  the  Times.  Our  readers  have  now  the  Report  of  the  Commis- 
sion before  them  ;  and  as  an  illustration  of  the  fairness  aud  impartiality 
of  spirit  in  which  the  Times  receives  and  comments  upon  that  repoi£, 
we  ask  their  attention  to  the  subjoined  extract  of  the  Leader  of  lQfth 
February,  1865.  Its  dilute  lengthiness  obliges  us  to  quote  it  at/ too 
great  length  : — ■ 

"  The  Commissioners  have  not,  it  is  true,  proposed  a  revolution,  but 
they  have  put  the  real  issue  involved  in  the  maintenance  of  the  patent 
laws  plainly  and  succinctly  before  the  world.  Men  not  given  to  hasty 
and  unripe  conclusions,  men  of  action  and  of  thought,  statesmen,  judges, 
lawyers,  and  savans,  after  long  and  patient  inquiry,  have  summed  up 
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their  opinioos  in  the  statement  that  the  evils  now  experienced  are 
inseparable  from  the  existence  of  a  patent  law.  Some  recommendations 
they  are  able  to  make  which  may  mitigate  the  injuries  so  bitterly  com- 
plained of  by  inventors-  and  manufacturers  alike ;  but  the  injuries  in 
question  cannot  be  wholly  removed.  In  the  concluding  words  of  the 
Report  of  the  Commissioners,  '  These  inconveniences  are  in  their  belief 
inherent  in  the  natnre  of  a  patent  law,  and  must  be  considered  as  the 
price  which  the  public  consents  to  pay  for  the  existence  of  such  a  law.' 

There  is  a  great  advantage  in  having  the  truth  thus  briefly  and 
plainly  stated  by  the  highest  authority.  When  such  independent 
thinkers  as  Lord  Stanley  and  Lord  Overstone,  Sir  William  Erie,  Sir 
William  Page  Wood,  Sir  Hugh  Cairns,  and  the  other  distinguished 
members  of  the  Commission,  after  considering  every  possible  substitu- 
tion for  the  present  law,  concur  in  stigmatizing  them  as  all  impracticable, 
the  world  will  be  disposed  to  acquiesce  in  Iheir  conclusion.  The 
thousand  and  one  vague  schemes  which  have  been  suggested  from  time 
to  time  are  at  once  dismissed  as  worthless.  If  we  are  to  keep  the 
patent  law  at  all,  it  must  be  identical  in  principle  with  the  present 
system,  and  from  the  evils  attendant  on  that  system  there  is  no  escape. 
All  that  remains  is  to  weigh  the  burdens  it  brings  with  the  benefits 
which  are  said  to  flow  from  it,  and  to  determine  whether  the  balance  is 
a  gain  or  a  loss.  Every  manufacturer  is  sensible  of  the  burdens  of  the 
law,  and  the  Government,  one  of  the  greatest  of  manufacturers,  are  so 
conscious  of  them  that  they  have  resolved  to  bear  them  no  longer;  but, 
with  the  exception  of  one  or  two  clever  capitalists,  who  have  at  the 
proper  time  bought  a  patent  from  a  wearied  and  embarrassed  inventor, 
there  are  few  who  can  testify  to  its  benefits.  When  the  issue  is  thus 
plainly  submitted  to  merchants  and  manufacturers,  there  can  be  little 
doubt  about  the  verdict.  It  is  only  remarkable  that  public  opinion  has 
so  long  hesitated  in  accepting  a  dilemma  which  is  "seen  to  be  inevitable 
when  the  theory  of  the  patent  law  is  reduced  to  its  simplest  form. 
An  inventor  makes  a  discovery,  and  the  question  is  whether  he  shall  be 
paid  to  reveal  his  secret,  or  whether  he  shall  be  left  to  make  what  use 
of  it  he  pleases.  As  long  as  a  patent  law  exists  the  answer  is,  that 
the  discoveries  of  inventors  are  worth  buying,  and  the  only  thing  which 
remains  to  be  determined  is  whether  the  inventor  shall  be  paid  by  a 
lump  sum  or  by  a  limited  monopoly  of  his  invention.  We  have  had 
some  experience  of  parliamentary  grants  to  discoverers,  and  they  do  not 
encourage  an  extension  of  the  system.  It  is,  indeed,  impossible  to  form 
a  tribunal  which  shall  be  able  a  priori  to  decide  upon  the  value  or  even 
upon  the  novelty  of  a  supposed  iuvention.  If  it  be  desirable  to  pur 
chase  the  inventor's  secret,  his  compensation  must,  be  an  exclusive  use 
of  it  for  a  limited  period.  This  is  the  only  possible  bargain,  though  it 
inflicts  great  and  frequent  injustice  on  subsequent  discoverers." 

It  is  amusing  to  see  at  once  the  views  with  which  the  results  arrived 
at  by  the  Report  are  distorted  to  fit  a  foregone  conclusion,  which  in 
reality  they  were  never  meant  for,  and  do  not  sustain ;  and  how  adroitly 
some  of  the  positions  of  long  anterior  attacks  are  now  covertly  aban- 
doned iD  presence  of  the  true  meaning  and  intent  of  the  Report  of  the 
Commission. 

Mr.  W.  M.  Hindmarsh  refused  to  concur  in  the  general  Report  of 
the  Commission  of  which  he  was  a  member,  and  has  forwarded  a  sepa- 
rate Report,  which  contains  some  valuable  suggestions.  Mr.  Fairbairn, 
although  he  signed  the  Report  with  eight  other  of  the  Commissioners, 
has  appended  a  brief  separate  Report,  in  which  he  states  that  he  cannot 
concur  in  their  sixth  recommendation,  viz.,  that  in  no  case  should  a 
prolongation  of  a  patent  be  granted. 

It  will  thus  be  seen  that  the  Report,  such  as  it  stands,  was  the  result 
of  by  no  means  an  unanimous  Commission.  It  is  also  worthy  of 
remark  that  almost  the  whole  of  those  who  signed  are  lawyers;  that 
Mr_  Grove,  also  a  lawyer,  was  the  only  man  having  any  pretensions  to 
represent  pure  science  on  the  Commission ;  and  that  Mr.  Fairbairn  was 
the  only  patentee  present. 
I  We  may  also  point  out  that,  after  sittiugs  occupying  from  November, 
lfe'62,  until  June,  1864,  only  twenty-one  witnesses  were  examined  in  all, 
amongst  whom  Mr.  Grove,  a  Commissioner,  was  one;  that  scarcely  any 
names?  eminent  in  the  class  of  well-known  and  distinguished  inventors, 
mechanical  or  chemical,  were  examined;  and,  amongst  those  few,  most 
prominent  was  Sir  Wm.  Armstrong,  already  well-known  to  have  fully 
committed  himself  as  against  all  patents,  though  himself  a  successful 
patentee,  and  having  unusual  patent  relations  with  departments  of 
Government.  Finally,  we  may  add  of  our  own  knowledge  that  great 
difficulties  were  thrown  in  the  way  of  persons  anxious  to  have  given 


evidence,  some  of  whom  expressed  their  desire  to  be  examined,  and 
were  known  to  some  of  the  members  of  the  Commission  as  likely  to 
have  afforded  valuable  information,  but  were  not  called  upon,  or  per- 
mitted to  expound  their  views. 

Without  here  entering  upon  any  critique  of  the  Report,  we  think  that 
there  are  sufficient  grounds  for  considering  it  as  very  far  from  having 
exhausted  the  means  of  information  for  coming  to  conclusions  on  its 
subject-matter,  and  that  further  investigation  is  still  needed  before  any 
great  or  radical  changes  shall  be  made  in  the  existing  law  of  patents, 
or  in  the  methods  of  procedure  under  it. 

Nothing  can  be  said  more  wisely,  or  with  apparently  better  practical 
knowledge  of  the  actual  state  and  working  of  the  law  of  patents,  than 
is  stated  in  the  preface  to  Turner's  work  on  Patents  and  Copyright  in 
Manufacture  (1851) : — "  For  patent  law  amendment  some  persons 
seem  disposed  to  substitute  abolition,  forgetting  that,  there  is  an  instinct 
of  property  in  inventions,  the  development  of  which  it  is  the  business 
of  law  to  regulate,  not  suppress.  There  are  some  notorious  evils — 
some  vexatious  formalities,  and  ill-regulated  fees;  if  they  were  removed 
(and  the  work  of  excision  is  easy  to  perform),  the  system  would  right 
itself.  The  success  of  constructive  legislation  is  more  doubtful,  and 
superfluous  statute  law  is  always  mischievous." 

THE   REPORT. 
"To  the  Queen's  Most  Excellent  Majesty. 

"  May  it  please  your  Majesty — We,  the  Commissioners  appointed 
to  inquire  into  the  working  of  the  law  relating  to  patents  for  inventions, 
humbly  present  to  your  Majesty  the  results  of  our  investigation  in  this 
our  Report. 

"  Our  attention  was  at  the  outset  directed  to  the  consideration  of 
those  defects  in  the  working  of  the  present  system,  which,  since  the 
amendment  of  the  law  in  the  year  1852,  had  become  so  generally  felt 
as  to  have  given  occasion  for  the  institution  of  the  present  inquiry. 

"  Of  these  the  most  important  appear  to  be  the  protracted  litigation 
and  consequent  expense  which,  in  almost  every  case,  result  from  the 
present  mode  of  trying  questions  of  patent  rights.  Two  instances  were 
stated  to  us  in  evidence  in  which  the  law  expenses  of  plaintiff  and 
defendant  together  amounted  to,£26,000,  and  to  £15,000,  respectively. 
The  course  of  litigation  began  in  the  former  case  in  1857,  and  may  at 
the  present  moment  be" still  further  protracted;  in  the  latter,  it  lasted 
from  the  year  1842  till  1855.  It  may  be  added  that  since  the  Com- 
mission met,  a  single  case  has  occupied  the  attention  of  the  court  of 
one  of  the  vice-chancellors  for  upwards  of  30  days. 

"  The  multiplicity  of  patents  arising  from  the  facility  and  diminished 
cost  of  obtaining  them,  has  been  brought  to  our  notice  as  another 
serious  cause  of  complaint  against  the  present  law.  It  appears  from 
the  tables  compiled  at  the  Great  Seal  Patent-office  that  the  average 
number  of  provisional  protections  annually  granted  is  now  about  3000, 
while  the  patents  sealed  exceed  2000,  and  that  an  increase  on  this 
average  may  be  expected.  The  evil  arising  from  this  multiplicity  of 
monopolies  is  alleged  to  be  of  a  twofold  nature — in  the  first  place,  that 
of  the  existence  of  a  number  of  patents  for  alleged  inventions  of  a 
trivial  character;  in  the  second  place,  that  of  the  granting  of  patents 
for  inventions  which  are  either  old  or  practically  useless,  and  are  em- 
ployed by  the  patentees  only  to  embarrass  rival  manufacturers.  Thus 
in  either  case  that  monopoly,  one  of  the  main  grounds  of  defence  of 
which  is  the  stimulus  it  offers  to  invention,  obstructs  instead  of  aiding 
the  progress  and,  improvement  of  arts  and  manufactures. 

"  On  the  other  hand,  we  have  been  pressed  with  the  opinion  that 
the  cost  of  obtaining  letters  patent,  together  with  the  fees  payable  on 
their  continuance  up  to  the  full  term  of  14  years,  although  reduced  to 
£175,  payable  by  instalments,  of  which  the  first  does  not  exceed  £25, 
is  still  so  high  as  to  be  an  insuperable  bar  to  the  poor  inventor  in 
obtaining  the  protection  to  which  he  is  fairly  entitled. 

"Again,  it  is  claimed  by  inventors,  on  the  ground  of  public  policy, 
that  the  tax  imposed  on  the  granting  of  patents,  and  thereby  indirectly 
on  inventors,  should  be  no  more  than  sufficient  to  cover  the  expenses, 
of  the  Great  Seal  Patent-office,  and  of  the  necessary  libraries  and 
museums  connected  with  it.  At  the  present  date  it  appears  that  the 
accumulation  of  surplus  fees  (after  allowing  for  all  such  expenses)  since 
the  year  1852  amouuts  to  more  than  £200,000,  and  that  for  future 
years  the  annual  surplus  upon  the  present  footing  may  be  estimated  at 
£40,000. 
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"With  such  considerations  before  us,  and  knowing  that  from  the 
nature  of  the  subject  the  remedies  suggested  would  vary  within  very- 
wide  limits,  we  determined,  as  the  basis  of  our  inquiry,  to  draw  up 
a  series  of  questions  which  should  invite  suggestions  upon  those  points 
of  the  present  system  where  amendment  seemed  to  be  required. 

"  The  following  questions,  while  they  formed  to  some  extent  the 
groundwork  of  our  oral  examinations,  have  been  widely  circulated 
among  the  Chambers  of  Commerce  in  the  principal  cities  and  towns  of 
this  kingdom,  and  have  been  submitted  to  such  other  societies  and 
persons  as  seemed  to  us  to  be  likely  to  afford  assistance  in  investigating 
the  subject  before  us  : — 

'"  1.  Should  the  cost  of  obtaining  letters  patent  be  diminished,  or 
increased  ;  if  either,  to  what  extent ;  and  should  the  payment  be  made 
in  one  sum,  or  by  annual  or  other  instalments  ? 

" '  2.  Does  the  present  mode  of  obtaining  patents  appear  to  you 
satisfactory  ?  Is  it  your  opinion  that  there  ought  to  be  a  preliminary 
investigation  of  a  more  searching  character  than  that  which  at  present 
takes  place?  If  so,  how  should  the  tribunal  be  constituted  before 
which  such  investigation  shall  be  conducted ;  and  should  the  judgment 
of  such  tribunal  be  final  ? 

" '  3.  Should  the  investigation  be  ex  parte  or  public,  and  subject  to 
opposition?     Should  the  present  practice  as  to  caveats  be  adhered  to? 

"  '  4.  Have  you  reason  to  suppose  that  public  inconvenience  is 
caused  by  the  multiplicity  of  patents  ? 

" '  5.  Do  you  consider  that  patents  ought  to  be  refused  on  the 
ground  of  the  trifling  and  frivolous  nature  of  the  inventions  for  which 
they  are  claimed  ? 

"  '  6.  Should  greater  facilities  be  provided  for  the  repeal  of  invalid 
patents? 

" '  7.  Do  you  consider  that  any  change  should  be  made  in  the  tribu- 
nal appointed  to  try  actions  and  suits  instituted  by  patentees  ? 

"  '  8.  Should  the  granting  of  licences,  in  your  opinion,  be  made  com- 
pulsory, and  can  you  suggest  any  practicable  method  by  which  this 
should  be  done  ? 


" '  9.  Do  you  think  it  expedient  that  patents  should  be  granted  to 
importers  of  foreign  inventions  ? 

" '  10.  Do  you  think  it  expedient  that  patents  should  be  granted  to 
foreigners  residing  abroad,  or  to  their  nominees  ? 

" '  11.  Is  it  expedient  to  make  any,  and,  if  so,  what  alteration  in  the 
law  relating  to  prolongations  and  confirmations  ? 

"  '  12.  Is  it  expedient  to  make  any,  and,  if  so,  what  alteration  in  the 
law  respecting  disclaimers  and  memoranda  of  alterations?' 

"  We  have  thought  it  most  convenient  in  considering  the  evidence 
before  us  to  arrange  it  under  the  following  heads : — ■ 

"  I.  A  statement  of  the  successive  stages  of  procedure  in  applying 
for  the  grant  of  letters  patent,  of  the  fees  payable  at  each  stage  and 
during  the  continuance  of  the  term  of  14  years,  and  of  the  procedure  on 
disclaimers,  memoranda  of  alterations,  confirmations,  and  prolongations. 

"  II.  Opinions  on  the  question  whether  it  is,  or  is  not  expedient,  that 
patents  should  be  easily  and  cheaply  granted. 

"  III.  Objections  to  the  present  mode  of  trying  eases  of  patent  rights 
and  alterations  which  may  be  suggested. 

"  IV.  The  various  opinions  on  the  working  of  the  system  as  regards 
disclaimers,  memoranda  of  alterations,  confirmations,  and  prolongations, 
and  on  the  propriety  of  granting  patents  to  importers  of  foreign  inven- 
tions and  to  foreign  inventors. 

"  The  evidence  on  these  latter  branches  of  our  inquiry,  as  well  oral 
as  written,  may  be  classified  under  three  general  heads : — 1,  That  of 
judges  and  members  of  the  legal  profession  more  especially  acquainted 
with  this  branch  of  the  law,  and  of  the  gentlemen  officially  engaged  in 
the  working  of  the  present  system ;  2,  That  of  patent  agents;  3,  That  of 
engineers  and  manufacturers,  many  of  whom  represent  in  their  own  per- 
sons the  conflicting  interests  of  the  inventor  and  of  the  user  of  inventions. 


"  The  following  table  shows  the  general  results  of  applications  for 
patents  under  the  present  system,  from  its  commencement,  on  the  1st 
of  October,  1852,  to  the  end  of  the  year  1863  :— 


1852 
Tln-eo 
Months. 


Applications, 

Applications  with  provisional  specifications, 

Applications  with  complete  specifications, 

Applications  for  English  inventions, 

Applications  for  foreign  inventions, 

Provisional  protections, 

Notices  to  proceed, , 

Oppositions  entered 

Hearings  of  oppositions  bcfjre  law  officers, , 

Warrants  granted, 

Warrants  refused, 

Oppositions  to  sealing  entered, 

References  to  law  officers  by  Lord  Chancellor, 

Hearings  before  Lord  Chancellor, 

Patents  sealed, 

Specifications  filed  in  pursuance  of  letters  patent, ,. 

Patents  void  for  want  of  specifications  filed,  

Complete  specifications  filed  with  petition  on  which  patents 

have  been  sealed, 

Ditto  lapsed  by  reason  of  non-sealing  of  patent, 

Stamp  duties  of  £50  paid  before  the  end  of  third  year,.. 

Patents  lapsed  at  end  of  third  year, .  

Stamp  duties  of  £100  paid  before  the  end  of  seventh  year, 
Patents  lapsed  at  end  of  seventh  year, 


1,211 

1,178 

33 

1,014 

197 

1,176 

973 

69 

65 

918 

9 

4 

1 

4 

914 

865 

23 

26 

7 

310 

581 

102 
208 


3,045 

2,994 

51 

2,439 

606 

2,972 

2,363 

131 

119 

2,190 

23 

5 

1 

3 

2,185 

2,071 

74 

40 

11 

621 

1,490 

205 

416 


2,764 

2,722 

42 

2,397 

367 

2,704 

2,050 

67 

61 

1,878 

11 

2 

1 

2 

1,876 

1,774 

66 

36 

6 

513 

1,297 

140 

373 


1855. 


2,958 

2,900 

68 

2,133 

825 

2,892 

2,271 

49 

48 

2,047 

8 

8 

1 

5 

2,044 

1,938 

55 

51 

7 

551 

1,438 

195 

356 


3,100 

3,064 

42 

2,565 

541 

3,052 

2,342 

61 

56 

2,097 

12 

4 

1 

2 

2,094 

2,010 

47 

37 

5 

573 

1,474 
214 
359 


3,200 

3,164 

36 

2,399 

801 

3,146 

2,294 

54 

48 

2,031 

10 

3 

1 

3 

2,028 

1,943 

52 

33 

3 

384 

1,392 


3,007 

2,956 

51 

2.299 

708 

2,949 

2,174 

48 

44 

1,954 

7 

1 

1 

1,954 

1,878 

31 

45 

6 

539 

1,394 


1859. 


3,000 

2,953 

47 

2,455 

545 

2,940 

2,193 

43 

43 

1,979 

2 

5 

3 

1,976 

1,900 

39 

37 

10 

542 

1,395 


1860. 


3,196 

3,145 

51 

2,564 

632 

3,125 

2,318 

38 

34 

2,065 

7 

2 

1 

1 

2,061 

1,966 

47 

48 

3 

579 

1,435 


1861. 


3,276 

3,228 

48 

2,392 

884 

3,178 

2,273 

30 

28 

2,049 

9 

2 

1 

2 

2,047 

1,9G9 

35 

43 
5 


3,490 

3,437 

53 

2,545 

945 

3,388 

2,439 

15 

10 

2,192 

2 

1 


2,191 

2,105 

34 

49 
4 


3,309 

3,252 

57 

2,421 

888 

3,199 

2,361 

20 

20 

2,095 

3 

1 

1 

2,094 

2,011 

28 

53 
4 


Totals. 


35,562 

34,993 

569 

27,623 

7,939 

34,721 

26,051 

625 

576 

23,495 

103 

38 

8 

27 

23,463 

22,430 

531 

492 
71 


"  The  first  step  on  the  application  for  letters  patent  is  to  lodge  at  the 
Great  Seal  Patent-office  the  petition,  which  discloses  only  the  title  of 
the  invention,  the  provisional  specification,  'describing  the  nature  of  the 
invention,'  and  a  solemn  declaration  by  the  applicant  that  he  believes 
himself  to  be  the  true  and  first  inventor.  These  documents  are  re- 
ferred to  one  or  other  of  the  law  officers  of  the  Crown,  whose  duty  goes 
no  further  than  to  decide  whether  or  not  the  nature  of  the  invention  is 
sufficiently  described  by  the  provisional  specification.  By  section  8  of 
the  Patent  Law  Amendment  Act,  1852,  the  law  officer  is  at  liberty  to 
call,  in  aid  of  his  decision,  mechanical  or  scientific  assistance,  and  to 
order  the  payment  of  such  fees  as  he  may  think  fit  to  the  persons  so 
called  in.  This  power  is,  however,  only  occasionally  exercised.  The 
law  officer,  upon  being  satisfied  of  the  sufficiency  of  the  provisional 


specification,  grants  his  certificate  allowing  provisional  protection.  The 
granting  of  the  certificate  is  then  advertised  in  the  London  Gazette 
and  in  the  Journal  of  the  Commissioners  of  Patents. 

"  This  investigation  before  the  law  officer  may,  however,  be  avoided  . 
by  lodging  in  the  first  instance  a  complete  specification,  '  particularly 
describing  the  nature  of  the  invention,  and  in  what  manner  the  same/is 
to  be  performed.'     In  this  case  the  certificate  issues  as  of  course.  / 

"  Within  four  months  from  the  date  of  his  application,  notice/must 
be  given  by  the  applicant  of  his  intention  to  proceed  with  his-'patent. 
Advertisements  of  this  intention,  stating  nothing  more  than  the  title  of 
the  patent,  are  then  officially  issued,  and  a  period  of  21  days  is  allowed, 
within  which  objections  to  the  grant  may  be  lodged  at  the  Great  Seal 
Patent-office.     The  case  between  the  applicant  and  the  oljector  is  then 
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heard  by  the  law  officer,  the  parties  usually  appearing  separately,  the 
provisional  specification  being  in  practice  regarded  as  a  secret  docu- 
ment. When,  however,  from  the  mode  of  conducting  the  opposition, 
the  law  officer  finds  that  the  nature  of  the  new  invention  has  become 
known  to  the  opponent,  he  sometimes  uses  his  discretionary  power  of 
hearing  the  parties  in  the  presence  of  one  another. 

"  Cases  have  sometimes  occurred  in  which  the  law  officer  has  refused 
his  fiat,  on  the  general  ground  of  want  of  novelty.  This,  however,  has 
only  been  where  it  was  brought  to  his  knowledge  that  the  invention 
claimed  was  clearly  not  new;  for,  from  the  fact  that  no  appeal  lies 
from  his  refusal  of  the  fiat,  the  inclination  has  always  been  to  grant  the 
application  where  a  fair  doubt  exists. 

"  The  applicant,  if  successful  upon  this  hearing,  obtains  from  the  law 
officer  his  fiat  for  the  warrant ;  but  the  objector  has  still  a  right  (by 
entering  a  caveat  at  the  Great  Seal  Patent-office)  to  appeal  to  the  Lord 
Chancellor  against  the  issue  of  the  fiat. 

"  The  next  stage  is  the  application  for  sealing  the  letters  patent,  which 
must  be  made  within  three  months  from  the  date  of  the  warrant.  Here 
there  is  again  an  opportunity  of  opposing  the  grant.  Notice  of  objection 
must  be  lodged  as  at  the  former  stage,  and  the  parties  are  then  heard 
before  the  Lord  Chancellor,  who  has  the  power  (occasionally,  though 
not  often,  exercised)  of  referring  the  matter  to  the  law  officer  for  his 
opinion.  The  decision  of  the  Lord  Chancellor  is,  in  any  case,  final ;  the 
patent,  if  successful,  being  sealed  and  dated  as  of  the  date  of  application. 

"The  following  is  a  table  of  the  fees  payable  up  to  the  grant  of 
letters  patent : — 

On  lodging  petition, £5 

For  certificate  of  notice  to  proceed, 5 

On  warrant, 5 

On  sealing, 5 

On  specification, 5 


Total,.. 


£25 


"  In  accordance  with  the  rule  that  the  provisional  protection  lasts  for 
six  months  only  from  the  date  of  application,  or  for  such  time  as  the 
Lord  Chancellor  may,  upon  petition  of  the  applicant,  in  his  discretion 
allow,  the  complete  specification  must  be  filed  within  that  period,  or 
within  such  further  time  as  may  have  been  allowed.  If  this  be  not 
done,  the  protection  ceases,  and  the  grant,  if  made,  becomes  void. 

"  In  order  to  maintain  the  validity  of  the  grant  the  patentee  must, 
before  the  end  of  three  years  from  the  date,  pay  an  additional  sum  of 
£50 ;  and  before  the  end  of  seven  years  the  further  sum  of  £100,  thus 
making  the  whole  costs  in  fees  £175.  About  two-thirds  of  the  patents 
granted  become  void  at  the  expiration  of  the  third  year  for  non-payment 
of  the  fee  of  £50,  and  less  than  one-tenth  are  continued  beyond  the 
seventh  year. 

"  The  mode  of  obtaining  the  repeal  of  letters  patent  is  by  writ  of 
scire  facias.  Since  the  alteration  of  the  practice  in  1852,  by  which  the 
patentee  was  allowed  the  right  of  replying,  this  mode  of  proceeding,  at 
no  time  common,  has  fallen  into  disuse,  as  will  be  seen  by  the  following 
table : — 

Number  of  patents  repealed  by  scire  facias  from  1617  to 
October,  1852, 19 

Number  of  patents  repealed  by  scire  facins  from  October, 
1852,  to  December,  1861, None. 

"  The  patentee  may  at  any  time  during  the  continuance  of  his  grant, 
by  petition  to  the  Commissioners  of  Patents,  apply  for  leave  to  disclaim 
a  part  of  the  title  or  of  the  specification  of  his  patent,  or  to  alter  either 
of  them,  but  so  that  neither  disclaimer  nor  alteration  shall  extend  the 
exclusive  right.  The  matter  is  then  referred  to  the  law  officer,  and  on 
his  fiat  the  disclaimer  or  memorandum  of  alteration  is  filed  at  the  Great 
Seal  Patent-office,  with  the  specification.  Annexed  is  a  table  showing 
the  number  of  these  applications  enrolled  during  the  last  1 1  years : — 

"  NUMBER  OF  DISCLAIMERS   AND   MEMORANDA   OP   ALTERATIONS 
FILED   DURING    THE   LAST   TWELVE   YEARS. 


Year.  Old  Law.  Number. 

1850  18 

1851  22 

1852  (nine  months) 18 

New  Law. 
1852 7 

1853  15 

1854  9 


Year. 
1855 

1856  , 

1857  . 
1858 

1859  , 

1860  . 

1861  . 


Number. 

12 

8 

13 

9 

6 

2 

3 


"  In  cases  where,  subsequently  to  the  taking  out  of  a  patent,  it  is  dis- 
covered by  the  patentee  that  some  part  of  the  invention  for  which  such 
patent  is  claimed  already  exists  in  a  printed  form,  but  having  long 
escaped  public  notice,  has  become  obsolete,  and  where  a  re-discovery 
by  the  patentee  has  taken  place,  application  may  be  made  to  the 
Judicial  Committee  for  confirmation  of  the  patent,  notwithstanding 
want  of  novelty  in  the  invention  for  which  it  is  claimed. 

"  The  same  mode  of  procedure  is  followed  for  the  purpose  of  obtaining 
prolongation  of  the  full  term  of  14  years,  the  Judicial  Committee  having 
power  to  recommend  to  your  Majesty  the  extension  of  the  original  term 
for  a  further  period  of  14  years.  The  usual  length  of  time  of  extensions, 
however,  is  not  more  than  from  three  to  six  years.  Advertisements  of 
the  application  for  prolongation  are  inserted  in  local  and  metropolitan 
newspapers,  and  objections  are  taken  by  entering  a  caveat.  The 
objector  must  lodge  his  grounds  for  opposition  in  writing,  and  may 
appear  at  the  hearing  of  the  application  in  support  of  them.  In  all 
cases  the  law  officer  attends  at  this  hearing  to  watch  the  case  on  the 
part  of  the  public,  and  has  a  right  to  take  part  in  opposition  to  the 
extension. 

"  Three  general  rules  may  be  laid  down  by  which  the  Judicial 
Committee  have  been  guided  in  recommending  prolongations.  The 
patentee  must  show,  first,  that  the  invention  is  of  great  ingenuity  and 
merit ;  secondly,  that  it  is  of  considerable  public  utility :  thirdly,  that, 
in  spite  of  his  reasonable  exertions  to  promote  the  invention,  the 
remuneration  he  has  received  from  it  is  inadequate. 

"  The  following  table  shows  the  number  of  confirmations  and  pro- 
longations applied  for  and  granted  from  the  year  1835  to  1862  : — 

"  FOR   PROLONGATION. 

Granted, 62 

To  Patentees, , 48 

To  Assignees, 14 

Dismissed, 46 

On  application  of  Patentees, 28 

"       "       of  Assignees, 18 

Withdrawn, 29 

Total 137 

"FOR  CONFIRMATION. 

Granted, 1 

To  Patentee, 1 

Dismissed, 6 

Application  of  Patentees, 5 

"  "  Assignees, 1 

7 

Total 144 

Lodged  and  pending  in  1863,  eight  cases. 

"II. 

"  On  the  question  whether  patents  should  be  made  easy  or  difficult 
to  obtain,  we  find  a  division  of  opinion — some  witnesses  denying,  others 
affirming,  the  existence  of  public  inconvenience  from  an  indefinite  multi- 
plication of  these  temporary  monopolies. 

"  In  the  opinion  of  the  former  class,  such  inconvenience  either  does 
not  exist  at  all,  or,  if  it  is  in  any  slight  degree  felt,  is  so  exceptional  as 
to  require  no  special  legislation.  They  maintain  that,  as  a  rule,  patents 
which  are  either  frivolous  in  their  character  or  questionable  on  the 
ground  of  want  of  novelty,  are  not  supported  by  the  patentee  when 
exposed  to  the  test  of  payment  for  renewal  or  of  the  expense  of 
litigation.  They  contend  that  without  the  protection  given  by  a  patent 
many  inventions  useful  in  character,  though  not  of  primary  importance, 
would  either  not  be  made,  or  being  made  would  remain  undivulged ; 
that  to  decide  beforehand  with  certainty  on  the  value  or  worthlessness 
of  an  invention  is  seldom  possible ;  and  that  the  evil  remedies  itself, 
inasmuch  as  worthless  patents  are  seldom  continued  beyond  the  period 
of  three  years. 

"  The  majority  of  witnesses,  however,  decidedly  affirm  the  existence 
of  practical  inconvenience  from  the  multiplicity  of  patents.  It  is  clear 
that  patents  are  granted  for  matters  which  can  hardly  be  considered  as 
coming  within  the  definition,  in  the  Statute  of  Monopolies,  of  '  a  new 
manufacture.'    It  is  in  evidence  that  the  existence  of  these  monopolies 
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embarrasses  the  trade  of  a  considerable  class  of  persons,  artisans,  small 
tradesmen,  and  others,  who  cannot  afford  to  face  the  expense  of  liti- 
gation, however  weak  the  case  against  them  ma}'  seem  to  be  ;  and  a  still 
stronger  case  is  made  out  as  to  the  existence  of  what  may  be  called 
obstructive  patents,  and  as  to  the  inconvenience  caused  thereby  to 
manufacturers  directly,  and  through  them  to  the  public. 

"  From  a  paper  drawn  up  at  our  request  by  the  superintendent  of 
specifications  it  appears,  that  upon  examining  into  the  first  100  appli- 
cations for  patents  in  each  of  the  years  1855,  1858,  1862,  the  results 
were,  in  his  opinion,  that  in  1855,  26  were  manifestly  bad  for  want  of 
novelty,  and  six  more  partly  so;  in  1858,  48  manifestly  old,  and  one 
partly  so;  in  1862,  7  were  old,  and  one  would  probably  turn  out 
to  be  so.  An  instance  illustrating  the  mode  in  which  these  patents  are 
used  is  given  in  evidence,  where  royalties  had  been  demanded,  and  in 
most  cases  obtained,  by  the  patentee  of  a  machine,  which  turned  out 
upon  investigation  to  be  identical  with  one  which  nineteen  years  before 
had  been  well  known  and  publicly  used. 

"  Other  instances  will  be  found  in  the  evidence  of  particular  manu 
factures  and  branches  of  invention  which  are  so  blocked  up  by  patents 
that  not  only  are  inventors  deterred  from  taking  them  up  with  a  view 
to  improvement,  but  the  manufacturer,  in  carrying  on  his  regular 
course  of  trade,  is  hampered  by  owners  of  worthless  patents,  whom 
it  is  generally  more  convenient  to  buy  off  than  to  resist.  The  evil 
also  results  in  another  practice,  having  the  same  obstructive  tendency — 
namely,  that  of  combination  among  a  number  of  persons  of  the  same 
trade  to  buy  up  all  the  patents  relating  to  it,  and  to  pay  the  expense  of 
attacking  subsequent  improvers  out  of  a  common  fund.  From  a  com- 
parison of  evidence  it  cannot  be  doubted  that  this  practice  prevails  to  a 
considerable  extent.  We  must  also  conclude  that  when  the  obstruction 
is  not  be  got  rid  of  without  the  expense  and  annoyance  of  litigation, 
in  a  large  majority  of  cases  the  manufacturer  submits  to  an  exaction 
rather  than  incur  the  alternative. 

"  We  desire  to  call  special  attention  to  the  evidence  given  by  the 
First  Lord  of  the  Admiralty,  and  by  various  witnesses  on  behalf  of  the 
War  department,  showing  the  embarrassment  which  has  been  caused 
to  the  naval  and  military  services  by  the  multitude  of  patents  taken  out 
for  inventions  in  use  in  those  departments.  It  appears  to  us  necessary 
for  the  public  service,  that  fur  the  future  no  patent  should  be  granted 
without  the  insertion  of  a  proviso  allowing  to  the  Crown  the  unrestricted 
use  of  the  invention  therein  patented,  the  compensation  for  such  use  to 
be  fixed  by  the  Treasury. 

"  Having  in  view  the  several  opinions  thus  shortly  adverted  to,  we 
have  to  consider  the  evidence  : — 

"1.  As  to  the  cost  of  obtaining  and  renewing  letters  patent,  and  as 
to  the  mode  of  payment. 

"  Notwithstanding  the  prevalence  of  an  opinion  that  patents  may  be 
and  are  unduly  multiplied,  a  very  small  minority  is  in  favour  of  increas- 
ing the  cost  of  obtaining  them  ;  of  those  who  have  given  evidence  in 
this  sense,  some  object  altogether  to  the  granting  of  patent  rights,  and 
therefore  consistently  desire  that,  if  not  abolished,  they  should  be 
reduced  in  number  by  any  practicable  method ;  others  contend  that 
the  mere  fact  of  having  a  larger  payment  to  make  would  render  pro- 
jectors more  careful  not  to  incur  expense  on  behalf  of  inventions  of 
doubtful  utility  and  novelty.  Many  witnesses  think  that  the  scale 
of  payment  was,  on  the  reversion  of  the  law  in  1852,  fixed  too  low, 
but  do  not  consider  that  it  could  now  be  prudently  raised. 

"  Objection  is  taken,  by  a  third  class  of  witnesses,  to  the  payments 
of  £50  and  £100  on  the  renewal  of  the  patent  at  the  end  of  the  third 
and  seventh  years  respectively.  It  is  alleged  that  the  periods  of  pay- 
ment are  fixed  too  early  for  the  duration  of  the  monopoly ;  that  many 
valuable  patents  have,  even  in  their  seventh  year,  failed  to  become 
profitable  from  the  difficulty  of  inducing  manufacturers  to  adopt  new 
methods  of  working,  and  that  in  such  cases  the  patentee  is  either 
unable  to  procure  the  necessary  sum,  or  is  unwilling  to  risk  the  addi- 
tional expense,  and  therefore  allows  his  patent  to  drop ;  that  thus  the 
system  inflicts  a  hardship  on  the  inventor,  and  retards  the  general 
progress  of  improvement.  Several  modifications  of  the  law  are  pro- 
posed, one  alternative  being  to  reduce  these  payments,  another  to 
postpone  them  till  the  end  of  the  fifth  and  ninth  years  respectively. 
It  is  also  suggested  that  some  inconvenience  arises  from  the  fact  that 
on  non-payment  of  the  renewal  fees  the  patent  becomes  at  once  void, 
and  that  much  of  the  hardship  complained  of  would  be  obviated  if  the 
Lord  Chancellor  were  empowered  to  allow  the  continuance   of  the 


patent,  on  payment  being  made,  though  after  the  proper  time,  pro- 
vided the  patentee  were  able  to  prove  that  the  delay  had  arisen  from 
accident  or  from  a  mistake  not  involving  gross  negligence. 

"  Among  the  engineering  and  manufacturing  classes  there  seems  to 
be  some  inclination  to  urge  the  adoption  of  a  system  of  annual  pa}'- 
ments,  on  the  ground  that  the  burden  would  thus  be  more  equally  distri- 
buted over  the  whole  period  of  the  patent,  and  that  the  rich  and  the 
poor  inventor  would  thereby  be  brought  upon  more  equal  terms,  while 
there  would  be  a  constant  tendency  on  the  part  of  patentees  to  allow 
the  unremunerative  patent  to  drop  at  once. 

"  The  propriety  of  a  system  of  annual  payments  is,  however,  denied 
by  the  greater  number  of  those  who  have  given  evidence  before  us, 
who  rely  on  their  experience  of  the  difficulty  that  is  now  constantly 
found  in  getting  patentees  to  insure  the  renewal  of  their  patents  by 
the  necessary  formalities  ;  they  maintain  that  tbis  difficulty  would  be 
the  source  of  still  greater  evil  if  the  same  process  had  to  be  gone 
through  from  year  to  year. 

"  Whatever  be  the  scale  of  payment  adopted,  we  find  a  very  general 
expression  of  opinion  that  the  price  to  be  paid  by  inventors  in  the 
aggregate  should  not  be  more  than  sufficient  to  provide  for  the 
expenses  of  the  Patent-office,  library,  and  museum ;  and  that  these 
should  be  maintained  in  the  highest  state  of  efficiency,  so  as  to  give 
inventors  the  utmost  facility  for  ascertaining  the  status  of  every  branch 
of  invention. 

"  2.  As  to  the  introduction  of  a  system  of  preliminary  examinations, 
its  character,  and  by  whom  it  should  be  conducted. 

"  It  is  urged,  in  opposition  to  any  further  course  of  preliminary 
examination  than  that  which  is  at  present  pursued — first,  that  the 
principle  of  our  law  requires  the  inventor  himself  to  make  such  an 
examination,  inasmuch  as  he  takes  out  a  patent  at  his  own  risk;  and 
next,  that  it  could  not  be  conducted  in  a  manner  free  from  objection. 
That  if  it  were  ex  parte,  the  interests  of  the  public  would  be  no  better 
protected  than  they  now  are ;  if  subject  to  opposition,  the  inventor 
would  be  deprived  of  the  protection  of  secrecy,  while  he  would,  in 
fact,  be  subjected  to  a  premature  trial  of  his  patent,  and  that  such  a 
trial,  even  if  it  resulted  in  his  success,  would  be  no  protection  to  him 
against  future  litigation. 

"That  if  the  result  of  such  an  examination  was  to  be  final,  the 
examining  body  would  seldom  undertake  the  responsibility  of  refusing 
a  patent ;  if  subject  to  appeal,  they  would,  on  the  hearing  of  that  appeal, 
be  placed  in  the  position  of  defendants.  That  on  the  whole  the  result 
would  be  increased  expense  and  delay  to  the  patentee,  with  no  greater 
security  either  to  him  or  to  the  public.  These  opinions,  though  pro- 
ceeding from  a  limited  number  of  witnesses,  deserve  consideration  from 
the  knowledge  and  experience  of  those  by  whom  they  are  entertained. 

"  On  the  other  hand,  there  is  a  very  strong  expression  of  opinion, 
and  one  not  confined  to  any  particular  class  of  persons,  in  favour  of 
some  more  strict  preliminary  examination.  It  is  suggested  by  a  few 
of  these,  but  only  by  a  few,  that  such  an  examination  ought  to  embrace 
an  inquiry  not  only  into  the  novelty,  but  into  the  utility  of  the  invention. 
It  is  admitted  that  the  inquiry  as  to  novelty  must  be  limited  to  matter 
which  is  to  be  found  in  a  printed  form,  and  should  not  extend  to  oral 
testimony  as  to  priority  of  user. 

"It  is  proposed  that  such  an  examination  be  conducted  by  the 
members  of  a  mixed  board  of  examiners,  consisting  of  one  or  more 
barristers,  and  a  proportionate  number  of  practical  and  scientific  men  ; 
and  that  this  board  should,  unless  forming  part  of,  or  acting  in  concert 
with  some  special  tribunal  to  be  appointed  for  the  trial  of  patent  cases, 
be  assistant  and  subordinate  to  the  law  officers  of  the  Crown,  whose 
official  duties  in  respect  of  patents  should  otherwise  remain  unaltered. 
That  the  result  of  this  examination  should  be  either  a  decision  subject 
to  one  final  appeal,  or  a  certificate  which,  whether  favourable  or 
unfavourable,  should  be  appended  to  the  specification. 

"  The  general  opinion  seems  to  be  that  the  interest  of  the  public 
would  be  sufficiently  protected  at  the  hands  of  the  examiners,  and 
that,  at  any  rate,  the  result  would  be  to  exclude  many  applications 
which  now  of  necessity  pass  without  comment. 

"  With  respect  to  caveats,  it  is  held  by  a  majority  of  witnesses  that 
the  present  system  should  remain  unaltered,  subject  to  such  modifica- 
tions in  practice  as  might  be  required  by  the  institution  of  preliminary 
investigation. 

"  3.  As  to  the  priority  of  making  licences  compulsory,  or  of  requiring 
user  within  a  given  period. 
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"  As  against  these  propositions  it  is  contended  by  some  witnesses 
that  patentees  are,  as  a  rule,  willing  to  grant  licences  to  work  their 
inventions  on  reasonable  terms.  To  do  so  is  obviously  their  interest ; 
and  it  may  be  assumed  that  what  is  men's  interest  to  do  will  generally 
be  done.  Exceptions  may  occur,  but  these,  it  is  asserted,  will  be 
insufficient  in  number  and  importance  to  justify  a  peculiarly  sweeping 
interference  with  rights  to  which  the  law  has  assigned  the  character  of 
property. 

"  Apart  from  the  above  considerations,  the  practical  difficulties 
appear  to  be  regarded  as  all  but  insuperable.  No  rule  can  be  laid 
down  for  estimating  the  value  of  a  patent,  or  the  amount  of  charge 
which  may  be  reasonably  imposed  on  those  using  it.  These  will  vary 
in  every  instance  ;  and  it  is  manifestly  futile  to  require  the  inventor  to 
grant  a  licence  when  applied  to  unless  some  provision  be  made  for 
determining  the  price  to  be  paid.  In  the  absence  of  such  provision  a 
prohibitory  price  would  render  the  law  inoperative.  But  on  this 
question  of  price  individual  opinions  must  be  expected  to  vary  widely ; 
and  it  is  impossible  to  suppose  that  any  system  of  arbitration  would 
prove  satisfactory  where  neither  precedent,  nor  custom,  nor  fixed  rule 
of  any  kind,  could  be  appealed  to  on  either  side. 

"  4.  As  to  the  repeal  of  the  invalid  patents. 

"It  appears  to  be  generally  felt,  more  especially  by  those  who  are 
immediately  concerned  in  managing  the  litigation  of  patent  rights, 
that  some  proceeding  more  simple  in  form,  and  therefore  more  expedi- 
tious, should  be  adopted  for  the  repeal  of  invalid  patents.  That  this 
might  either  be  by  petition  to  your  Majesty  in  Council,,  or  by  motion  of 
a  court  of  equity.  The  most  serious  objection  to  the  present  mode  of 
proceeding  seems  to  be  that  while  a  patentee,  if  he  maintains  his 
patent,  will  only  get  such  costs  as  may  be  covered  by  the  bond  which 
is  required  from  the  petitioner  against  him,  the  petitioner,  on  the  other 
hand,  if  he  succeeds  in  his  object  of  upsetting  the  patent,  will  get 
no  costs. 

"  As  regards  the  issues  to  be  tried,  it  has  not  been  shown  to  us  that 
any  alteration  in  the  form  of  the  proceeding  for  repeal  would  materially 
shorten  them,  or  diminish  the  expenses  of  the  trial. 

"  m. 

"  The  evidence  before  us  shows  an  almost  universal  feeling  of  dis- 
satisfaction with  the  present  mode  of  trying  questions  of  patent  right, 
while  there  are  many  and  various  proposals  for  the  constitution  of  a 
tribunal  which  should  be  more  expeditious  and  less  expensive.  The 
principal  fault  of  the  system  lies  in  this — that  the  jury  by  whom  the 
case  is  tried  seldom  possess  even  so  much  scientific  knowledge  as  is 
necessary  to  enable  them  to  understand  the  evi  'ence.  Advantage  is 
constantly  taken  of  this  deficiency — first,  in  a  subtle  and  vague  drawing 
of  specifications ;  again,  by  an  artful  generality  in  the  form  of  framing 
the  issues  to  be  tried;  lastly,  on  the  trial,  by  the  introduction  of  a 
cloud  of  scientific  evidence,  to  perplex  rather  than  to  explain  the  true 
points  at  issue.  It  is  possible  that  these  difficulties  might  to  some 
extent  be  obviated,  as  has  been  suggested  to  us,  by  requiring  a  greater 
strictness  in  drawing  the  specification  and  claim  of  the  patentee,  or  by 
a  more  perfect  scheme  for  settling,  in  the  presence  of  the  judge,  the 
issues  to  be  tried  :  but  it  is  almost  without  exception  admitted  that  a 
radical  remedy  is  only  to  be  found  in  reforming  the  constitution  of  the 
tribunal  itself. 

"  The  main  point  in  doubt  is  whether  this  reform  should  go  to  the 
extent  of  constituting  a  special  court  for  the  trial  of  patent  cases,  or 
whether  the  existing  jurisdictions  of  the  courts  of  law  and  equity  should 
be  maintained  in  a  modified  form.  The  objections  to  a  special  court 
are  various  and  strong.  In  the  first  place,  the  want  of  sufficient  busi- 
ness to  occupy  its  time  fully.  Secondly,  that  on  trials  of  patent  cases 
questions  are  frequently  arising  which  require  an  extended  knowledge 
of  other  branches  of  the  law  ;  and  that  a  judge  selected  for  his  special 
acquaintance  with  mechanical  and  scientific  topics,  and  one  who  in  his 
judicial  capacity  was  principally  engaged  in  the  consideration  of  such 
questions,  would  not  be  so  competent  to  deal  with  the  whole  subject- 
matter  of  the  case  as  one  by  whom  all  branches  of  our  law  were  in  tin  n 
handled.  Thirdly,  th*t  such  a  constitution  of  the  court  would  render 
it  extremely  difficult,  if  not  impossible,  to  secure  an  effectual  appeal. 
We  do  not  find  that  these  views  (with  the  exception,  perhaps,  of  the 
first)  have  been  met  by  arguments  of  equal  weight.  Assuming,  there- 
fore, that  it  would  not  be  advantageous  to  constitute  a  special  patent 
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court,  we  have  to  consider  what  has  been  proposed  in  aid  of  the 
existing  jurisdictions. 

"  The  general  proposal  is  that  the  judge,  on  trial  of  a  patent  case, 
should  either  be  aided  by  scientific  assessors,  or  that  the  case  should  be 
tried  by  a  jury  composed  of  from  five  to  seven  scientific  persons.  The 
latter  plan  does  not  appear  to  us  to  be  wholly  satisfactory,  owing  to  the 
difficulty  there  would  always  be  in  getting  a  sufficient  number  of  scien- 
tific men  to  compose  a  jury,  sufficiently  competent  and  unbiassed. 

"  The  conclusion  which  we  have  drawn  from  the  evidence  is,  that  a 
court  might  be  satisfactorily  formed  on  the  former  plan,  taking  as  a 
general  model  of  its  constitution  your  Majesty's  High  Court  of  Ad- 
miralty, assisted  by  the  Trinity  Brethren.  It  is  difficult  accurately  to 
estimate  the  weight  of  evidence  as  to  whether  those  assessors  should 
act  judicially,  or  merely  by  way  of  instruction  and  advice  to  the  judge ; 
but  the  balauce  seems  rather  to  incline  to  the  latter  view,  which  would 
place  them  in  a  very  similar  position  with  the  assessors  to  the  High 
Court  of  Admiralty.  There  is  again  a  great  variety  of  opinion  as  to 
the  mode  in  which  the  assessors  should  be  chosen.  It  is  said,  on  the 
one  band,  that  they  might  be  selected  by  the  judge,  or  by  the  parties, 
with  a  reference  in  case  of  dispute  to  the  judge,  from  scientific  men 
generally.  With  respect  to  this  latter  proposal,  the  only  doubt  is, 
whether,  considering  the  high  value  which  is  put  upon  scientific  evi- 
dence, men  of  sufficient  eminence  would  be  induced  by  any  such  fee  as 
the  court  would  pay  to  give  up  either  their  usual  avocations  or  the 
chance  of  being  employed  by  one  or  other  of  the  parties  to  the  suit. 
On  the  other  hand,  if  such  assessors  are  to  be  a  permanent  and  indepen- 
dent body,  there  will  be  a  like  difficulty  in  providing  for  payment  of 
sufficient  salaries  to  secure  the  services  of  scientific  men  numerous 
enough  to  give  the  opportunity  of  selection  for  the  various  classes  of 
cases,  and  eminent  enough  in  their  professions  to  be  willingly  accepted 
by  the  parties. 

"  It  seems  to  be  generally  thought  that  the  assistance  of  an  ordinary 
jury  in  patent  cases  is  not  requisite.  There  is,  however,  a  certain 
amount  of  unwillingness  to  give  up  that  which  is  considered  by  many 
the  safest  form  of  tribunal  for  weighing  of  facts  and  probabilities ;  it 
has,  therefore,  been  suggested  that  the  employment  of  a  jury  might  be 
at  the  joint  request  of  the  parties,  or  at  the  discretion  of  the  judge. 

"  We  have  been  informed  that  no  difficulty  would  be  found  in  setting 
apart  a  court  for  the  tri«l  of  patent  cases,  and  in  providing  for  the 
attendance  in  rotation  of  one  of  the  judges  of  the  courts  of  law  and  equity. 

"IV. 

"  1.  As  to  granting  letters  patent  to  importers  of  foreigu  inventions 
and  to  foreigners. 

"  It  has  long  been  the  practice,  founded  on  judicial  decision,  to  con- 
sider that  the  use  or  publication  of  an  invention  abroad  did  not  deprive 
that  invention  of  the  character  of  '  a  new  manufacture  within  this  realm.' 
It  appears  to  us,  and  is  generally  admitted  in  the  evidence,  that  the 
present  facilities  of  communication  subsisting  between  all  parts  of  the 
world  have  done  away  with  the  only  valid  reason  for  such  a  construction 
of  the  words  of  the  Statute  of  Monopolies.  The  object  of  allowing  such 
patents  might  fairly  be,  in  an  age  of  slow  international  communication, 
to  encourage  enterprising  persons  to  go  in  search  of,  and  to  introduce  to 
this  country,  useful  processes  employed  abroad,  but  not  otherwise  likely 
to  be  adopted  here,  for  the  want  of  which  we  should  long  have  been 
behind  other  nations.  It  does  not,  however,  seem  worth  while  to  con- 
tinue the  same  facilities  now,  when  foreign  inventions  are  most  frequently 
patented  in  this  country  and  in  their  native  land  simultaneously ; 
especially,  as  we  are  well  informed  that  one  result  of  the  practice  is  to 
encourage  unscrupulous  persons  to  steal  the  inventions  of  foreigners,  and 
to  run  a  race  with  the  legitimate  owner  to  get  them  patented  hero. 

"  The  general  opinion  seems  to  be  in  favour  of  granting  patents  to 
foreigners,  or  to  their  agents  or  nominees  in  this  country.  By  some 
persons  it  is  proposed  to  limit  the  grant  to  natives  of  those  countries 
whose  Governments  .allow  the  reciprocal  privilege  to  your  Majesty's 
subjects,  and,  further,  to  impose  as  a  condition  that  the  invention  be 
worked  or  licences  granted  for  working  it  in  this  country,  followiug  the 
system  which  prevails  generally  on  the  Continent. 

1:  2.  As  to  confirmations. 

"  With  a  single  exception,  and  that  merely  as  a  statement  of  opinion, 
unsupported  by  argument,  we  find  no  suggestions  made  to  us  with  a  view 
to  the  alteration  of  the  present  system  on  this  point.     We  find  that  only 
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seven  applications  have  been  made  for  confirmation  of  a  patent  under 
the  5th  and  6th  of  William  IV.,  cap.  83,  sect.  2,  and  only  one  of  such 
applications  has  been  acceded  to.     We  see  no  reason  for  retaining  a 
power  of  which  no  practical  use  is  made. 
"  3.  As  to  prolongations. 

"  We  do  not  find  that  the  witnesses,  with  one  exception,  complain  of 
the  existence  of  prolongations  ;  this  may,  however,  be  accounted  for  by 
their  extreme  rarity. 

"  A  careful  consideration  of  the  evidence  given  by  the  clerk  to  your 
Majesty's  Privy  Council  leads  us  to  the  opinion  that  prolongations  should 
not  be  in  future  granted. 

"  The  power  of  granting  them  is  in  its  nature  arbitrary,  and  it  does 
not  seem  just  that  the  public  should  be  excluded  for  a  term  of  years 
from  the  use  of  an  invention  which  in  the  ordinary  course  of  law  would 
otherwise  become  public,  simply  because  the  inventor  has  reaped  from 
it  a  smaller  profit  (possibly  through  his  own  want  of  business  habits) 
than  he  thought  himself  entitled  to  expect.  The  uncertainty,  more- 
over, whether  an  application  for  prolongation  will  or  will  not  be  granted 
is  an  evil  to  all  parties  concerned. 

"  4.  As  to  disclaimers  and  memoranda  of  alterations. 
"  It  has  been  stated  to  us  that  the  former  of  these  proceedings  some- 
times results  in  the  enlargement  of  the  patentee's  rights,  and  that  more 
strictness  ought  therefore  to  be  exercised  in  allowing  them. 

"  With  respect  to  memoranda  of  alterations,  we  do  not  find  that  any 
serious  objection  is  taken  to  a  continuance  of  the  present  system.  It 
is  indeed  suggested  that,  following  the  French  law,  patents  of  addition 
should  be  allowed.  No  reasons,  however,  are  given  us  in  support  of 
this  view. 

"  We  have  thus  stated  to  your  Majesty  the  general  result  of  the 
evidence  before  us,  and  the  conclusion  to  which  we  have  come  after 
considering  it. 

"  We  now  humbly  submit  to  your  Majesty  the  following  recom- 
mendations, which  are  founded  on  these  conclusions  : — 

"  RECOMMENDATIONS. 

"  1.  Your  Commissioners  do  not  find  that  the  present  cost  of  obtain- 
ing letters  patent  is  excessive  or  the  method  of  payment  inconvenient; 
they  do  not  therefore  recommend  any  alteration  of  the  present  system 
on  those  points,  but  they  think  that  patent  fees  should  not  be  made  to 
contribute  to  the  general  expenditure  of  the  State  until  every  reasonable 
requirement  of  the  Patent-office  has  been  satisfied. 

'■  2.  They  are  unable  to  recommend  a  preliminary  investigation  into 
the  merits  of  the  invention  for  which  a  patent  is  claimed ;  but  they  advise 
that  a  careful  inquiry  be  instituted  under  the  direction  of  the  law  officers 
of  the  Crown  as  to  whether  there  has  been  any  previous  documentary 
publication  of  the  invention,  either  by  grant  of  letters  patent  or  other- 
wise, and  if  such  publication  have  taken  place  that  the  patent  shall  be 
refused. 

"  No  evidence  other  than  such  documentary  evidence  should  be 
admissible,  and  the  reasons  for  the  refusal  to  grant  the  patent  should  be 
certified  by  the  law  officers.  An  appeal  from  their  decision  should  lie 
to  the  Lord  Chancellor. 

"  3.  Your  Commissioners  are  of  opinion  that  the  present  mode  of 
trying  the  validity  of  patents  is  not  conducted  in  a  satisfactory  manner. 
That  such  trials  ought  to  take  place  before  a  judge  sitting  with  the  aid 
of  scientific  assessors,  but  without  a  jury,  unless  at  the  desire  of  both 
parties  to  the  suit  or  action.  That  such  assessors  ought  to  be  selected 
by  the  judge  in  each  ease,  and  the  remuneration  to  be  paid  them  be 
included  in  the  costs  of  the  suit  or  action,  and  provided  for  in  such 
manner  as  the  judge  shall  direct. 

"  That  no  special  judge  be  appointed  for  the  trial  of  patent  cases,  but 
that  the  judges  of  law  and  equity  be  empowered  to  make  rules  by  which 
one  court  should  sit  for  trial  of  patent  cases  exclusively.  That  on  such 
trial  the  judge,  if  sitting  without  a  jury,  decide  questions  of  fact  as  well 
as  of  law. 

"  4.  That  the  granting  of  licences  to  use  patented  inventions  ought 
not  to  be  made  compulsory. 

"  5.  That  patents  ought  not  to  be  granted  to  importers  of  foreign 
inventions. 

"  G.  That  in  no  case  ought  the  term  for  which  a  patent  is  granted  to 
be  extended  beyond  the  original  period  of  14  years. 

"  7.  That  in  all  patents  hereafter  to  be  granted  a  proviso  shall  he 


inserted  to  the  effect  that  the  Crown  shall  have  the  power  to  use  any 
invention  therein  patented  without  previous  licence  or  consent  of  the 
patentee,  subject  to  payment  of  a  sum  to  be  fixed  by  the  Treasury. 

"  8.  While  in  the  judgment  of  the  Commissioners  the  changes  above 
suggested  will  do  something  to  mitigate  the  inconveniences  now  gener- 
ally complained  of  by  the  public  as  incident  to  the  working  of  the  patent 
law,  it  is  their  opinion  that  these  inconveniences  cannot  be  wholly 
removed.  They  are,  in  their  belief,  inherent  in  the  nature  of  a  patent 
law,  and  must  be  considered  as  the  price  which  the  public  consents  to 
pay  for  the  existence  of  such  a  law. 

"  Stanley. 

"Oveestojje. 

"  W.  Erle. 

"  W.  P.  Wood. 

"  H.  M.  Cairns. 
"Edward  Lloyd,  July  29, 1864." 


"  H.  Waddington. 
"  W.  R.  Grove. 
"W.  E.  Forster. 
"  W.  Fairbairn. 


ON  THE  EMPLOYMENT  OF  PARAFFIN  FOR 

WATERPROOFING. 

BY  JOHN  STENHOUSE,  LL.D.,  F.R.S.,  ETC. 

The  materials  which  in  modern  times  were  first  employed  for  water- 
proofing were  bees'  wax  and  the  various  kinds  of  drying  oil,  especially 
linseed  oil,  which  were  rendered  more  siccative  by  boiling  or  some  other 
of  the  processes  usually  employed  for  that  purpose. 

About  forty  years  ago  caoutchouc  was  first  successfully  used,  for 
rendering  fabrics  and  other  materials  waterproof,  by  the  late  Mr.  Charles 
Macintosh ;  and  after  an  interval  of  about  twenty  years,  gutta  percha 
was  first  imported  into  this  country,  and  immediately  applied  for  similar 
purposes. 

In  1832  paraffin  was  discovered  by  Reichenbach  in  the  course  of  his 
admirable  researches  on  wood  and  coal  tars ;  he,  however,  only  suc- 
ceeded in  obtaining  it  in  very  small  quantity,  so  that  for  a  long  time  it 
was  only  known  as  a  chemical  curiosity.  It  is  to  Mr.  James  Young 
that  we  are  indebted  for  the  production  of  this  material  on  an  industrial 
scale,  by  his  process  which  he  patented  nearly  fifteen  years  ago. 

About  three  years  since  a  patent  was  taken  out  by  Dr.  Stenhouse  for 
employing  paraffin  as  a  means  of  rendering  leather  waterproof,  as  well 
as  the  various  textile  and  felted  fabrics ;  and  in  August  last  an  addi- 
tional patent  was  granted  to  Dr.  Stenhouse  for  an  extension  of  and 
improvement  on  the  previous  one,  which  consisted  chiefly  in  combining 
the  paraffin  with  various  proportions  of  drying  oil ;  it  having  been 
found  that  paraffin  alone,  especially  when  applied  to  fabrics,  became  to 
a  considerable  extent  detached  from  the  fibre  of  the  cloth  after  a  short 
time,  owing  to  its  great  tendency  to  crystallize.  The  presence,  however, 
of  even  a  small  quantity  of  drying  oil  causes  the  paraffin  to  adhere 
much  more  firmly  to  the  texture  of  the  cloth,  from  the  oil  gradually 
becoming  converted  into  a  tenacious  resin  by  absorption  of  oxygen. 

In  the  application  of  paraffin  for  waterproofing  purposes,  it  is  first 
melted  together  with  the  requisite  quantity  of  drying  oil  and  cast  into 
blocks.  This  composition  can  then  be  applied  to  fabrics  by  rubbing 
them  over  with  a  block  of  it,  either  cold  or  gently  warmed,  or  the 
mixture  may  be  melted  and  laid  on  with  a  brush,  the  complete  impreg- 
nation being  effected  by  subsequently  passing  it  between  hot  rollers. 
When  this  paraffin  mixture  has  been  applied  to  cloth  such  as  that 
employed  for  blinds  or  tents,  it  renders  it  very  repellent  to  water, 
although  still  pervious  to  air. 

Cloth  paraffined  in  this  manner  forms  an  excellent  basis  for  such 
articles  as  capes,  tarpaulins,  &c,  which  require  to  be  rendered  quite 
impervi  us  by  subsequently  coating  them  with  drying  oil — the  paraffin 
in  a  great  measure  preventing  the  well-known  injurious  influence  of 
drying  oil  on  the  fibre  of  the  clolh.  The  paraffin  mixture  can  also  be 
very  advantageously  applied  to  the  various  kinds  of  leather.  One  of 
the  most  convenient  ways  of  effecting  this  is  to  coat  the  skins  or  manu- 
factured articles,  such  as  boots,  shoes,  harness,  pump-buckets,  &c, 
with  the  melted  composition,  and  then  to  gently  heat  the  articles  until 
it  is  entirely  absorbed.  When  leather  is  impregnated  with  the  mixture, 
it  is  not  only  rendered  perfectly  waterproof,  but  also  stronger  and  more 
durable.  The  beneficial  effects  of  this  process  are  peculiarly  observable 
in  the  case  of  boots  and  shoes,  which  it  renders  very  firm  without 
destroying  their  elasticity.     It  therefore  not  only  makes  them  exceed- 
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ingly  durable,  but  possesses  an  advautage  over  ordinary  dubbing  in  not 
interfering  with  the  polish  of  these  articles,  which,  on  the  whole,  it 
rather  improves. 

The  superiority  of  paraffin  over  most  other  materials  for  some  kinds 
of  waterproofing  consists  in  its  comparative  cheapness,  in  being  easily 
applied,  and  in  not  materially  altering  the  colour  of  fabrics,  which,  in 
the  case  of  light  shades  and  white  cloth,  is  of  very  considerable  im- 
portance. 

It  will  be  evident  from  the  statements  which  have  just  been  made, 
that  the  employment  of  paraffin  for  waterproofing  purposes  is  likely  to 
become  very  extensive. 


BUTTON-HOLE  STITCHING  MACHINE. 

{Illustrated  by  Plate  I.) 

The  subject  of  one  of  our  Plate  engravings  this  month  is  an  exceed- 
ingly simple  and  efficient  Button-hole  Stitching  Machine,  which  is 
capable,  also,  of  being  used  at  will  as  a  lock-stitch  machine  for 
ordinary  machine  stitching.  It  has  been  recently  patented  in  this 
country,  and  is  being  largely  manufactured  in  America  by  the 
"  American  Button-hole,  Cording,  Braiding,  and  Embroidering  Com- 
pany "  of  Philadelphia.  We  have  had  several  opportunities  afforded 
us  of  inspecting  the  machine  in  operation,  and  have  no  hesitation  in 
affirming  it  to  be  one  of  the  most  practical  machines  for  the  purpose 
yet  brought  out.  The  button-hole  stitching  produced  is  not  only 
extremely  neat  in  appearance,  but  possesses  great  durability,  and  is  made 
in  an  expeditious  manner,  twenty-five  seconds  being  amply  sufficient  for 
the  completion  of  an  ordinary  coat  button-hole.  Fig.  1  is  a  side  view 
of  the  machine,  partly  in  section.  Fig.  2  is  a  transverse  section,  taken 
through  the  needle-hole  in  the  cloth  plate.  Fig.  3  is  a  similar  section, 
showing  a  self-acting  arrangement  for  arresting  the  rotation  of  the 
spool  or  bobbin  of  the  under  thread  at  certain  periods.  Figs.  4,  5,  6, 
7,  and  8  are  diagrams  showing  the  mode  of  producing  the  button-hole 
stitch.  Fig.  9  is  a  diagram  of  the  stitch  itself;  and  figs.  10  and  11 
are  sectional  views,  illustrating  the  mode  of  using  the  machine  as  a 
common  lock-stitch  sewing  machine.  The  button-hole  stitch,  as  will 
be  seen,  is  made  from  two  threads,  the  one  carried  by  a  straight  needle, 
A,  and  the  other  b}'  a  slightly  curved  looper,  B.  The  needle  constantly 
works  through  the  material,  near  the  edge  thereof,  and  the  point  of 
the  looper  having  an  eye  therein,  passes  up  from  below  through  the 
slit  of  the  button-hole,  or  past  the  edge  of  the  material,  as  the  case 
may  be,  the  machine  being  equally  applicable  to  the  stitching  of 
button-holes  and  to  the  over-stitching  or  ornamenting  of  the  edges  of 
fabrics,  producing  the  effect  of  an  ornamental  braiding  or  binding  on 
the  edge.  The  modus  operandi  in  producing  the  stitch  will  be  readily 
understood  on  referring  to  the  five  diagrams  before  mentioned.  The 
needle  first  descends  through  the  material,  and  forms  a  loop  on  the 
underside,  it  then  rises  slightly,  so  as  to  open  the  loop,  and  through 
the  opened  loop  passes  the  looper,  b,  carrying  with  it  a  loop  of  the 
under  thread  above  the  surface,  but  past  the  edge  of  the  material. 
An  arm  or  finger,  C,  now  takes  hold  of  this  loop  and  expands  it,  and 
draws  a  portion  of  it  over  the  edge  of  the  material,  which  movement, 
in  conjunction  with  the  feed,  causes  the  loop  of  under  thread  to  be  so 
placed  over  the  material  that  the  needle  on  its  next  descent  will  pass 
through  it,  and  consequently  fasten  it  down  upon  the  surface,  the  finger, 
c,  casting  off  the  loop  so  soon  as  the  needle  has  passed  through  it,  and 
allowing  it  to  be  tightened  by  the  descent  of  the  looper.  This  form  of 
stitch  for  button-hole  work  has  been  proposed  by  many  other  inventors, 
but  they  do  not  seem  to  have  arrived  at  any  simple  and  practical  mode 
of  accomplishing  it.  Having  given  our  readers  a  general  insight  as  to 
the  nature  of  the  stitch,  and  the  functions  of  the  instruments  immediately 
employed  in  its  production,  we  will  now  refer  to  the  various  details  of 
the  machine,  of  which  these  instruments  form  the  essential  elements. 
The  main  driving  shaft,  D  (which  is  shown  partly  broken  away  in 
fig.  1,  in  order  to  illustrate  more  clearly  the  button-hole  mechanism), 
is  situate  beneath  the  platform,  e,  which  is  provided  with  the  usual 
fixed-bracket  arm,  F. 

In  the  upper  portion  of  this  arm  works  a  rocking  shaft,  G,  which 
carries  at  its  rear  end  a  lever,  h,  coupled  to  one  end  of  a  connecting 
rod,  I,  the  opposite  end  of  which  is  jointed  to  a  revolving  crank  pin 
in  the  side  of  the  combined  pulley  and  fly-wheel,  k.  The  length  of 
the  lever,  H,  and  the  throw  of  the  crank  pin  are  so  proportioned,  that 


the  required  amount  of  rocking  motion  will  be  transmitted  to  the  shaft, 
G,  by  the  revolution  of  the  driving  shaft,  D.  On  the  front  end  of  the 
shaft,  G,  there  is  fitted  another  lever,  L,  which  carries  an  antifriotion 
roller,  working  in  a  slotted  piece,  M,  secured  to  the  needle  carrier,  N', 
and  hence  a  vertical  reciprocating  motion  is  imparted  to  the  needle. 
The  looper,  B,  is  fitted  into  the  end  of  an  arm,  O,  of  a  bell-crank  lever, 
which  is  caused  to  work  obliquely  on  a  stud  centre,  P ;  the  other 
arm,  Q  (shown  in  cross  section),  of  the  bell-crank  projecting  over  the 
top  of  a  cylindrical  grooved  cam,  fast  on  the  continuation  of  the  main 
driving  shaft,  but  not  seen  in  the  engraving.  The  object  of  placing 
the  bell-crank  obliquely,  is  to  cause  the  looper  to  cross  the  vertical 
path  of  the  needle,  or  to  move  in  a  diagonal  direction  thereto,  so  that 
it  may  pass  through  the  loop  of  the  needle  thread,  and  present  its  own 
loop  to  the  action  of  the  finger,  c.  The  mode  of  actuating  the  finger, 
C,  is  simple  and  ingenious.  This  finger  is  attached  to,  or  forms  part 
of,  a  long  boss  or  sleeve,  R,  through  which  plays  freely  the  needle- 
carrier.  This  boss  is  fitted  so  as  to  turn  freely  in  the  fore  part  of  the 
bracket  arm,  and  has  a  spiral  groove  or  slot  made  therein,  with  which 
a  pin  on  the  side  of  the  needle-carrier  (which  is  of  a  cylindrical  sec- 
tion) works,  and  consequently,  as  this  pin  rises  and  falls  with  the 
motion  of  the  needle-carrier,  it  imparts  a  partial  to-and-fro  rotator}' 
motion  to  the  finger,  c,  round  the  needle ;  such  motion  producing  the 
required  extension  and  casting  off  of  the  loop  of  the  under  thread.  The 
needle  thread  passes  from  its  spool  or  bobbin,  s,  through  any  convenient 
tension  device,  t,  thence  through  a  fixed  guide  eye,  s,  and  through  one 
or  other  of  the  holes  in  a  lever,  T,  and  finally  through  the  eye  of  the 
needle.  The  under  thread  passes  from  its  spool  or  bobbin,  s',  through 
a  suitable  tension  device,  t',  and  thence  through  an  eye  in  the  end  of 
a  tension  spring,  u,  whence  it  passes  upwards  to  a  stationary  guide 
eye  at  v,  and  then  descends  to  the  lower  one  of  two  eyes  made  in  the 
looper,  B,  and  finally  passes  through  the  upper  eye  across  the  point  of 
the  looper.  A  positive  up-and-down  vibratory  motion  is  imparted  to 
the  lever,  T,  in  order  that  it  may  give  off  sufficient  slack  thread  when 
the  needle  descends  to  form  a  loop,  and  then  take  up  such  slack  again 
and  tighten  the  stitch  as  the  needle  rises  again.  These  motions  are 
obtained  from  a  pin  in  the  side  of  the  rod,  u  ;  such  pin  passing  through 
the  lever,  T.  The  rod,  U,  is  fitted  so  as  to  play  freely  in  the  tubular 
end  of  the  needle-carrier,  a  slot  being  formed  in  the  rod,  into  which  a 
pin,  p,  in  the  side  of  the  needle-carrier  projects  so  as  to  prevent  it 
from  turning  round  in,  or  from  being  withdrawn  from,  the  needle- 
carrier.  This  rod,  u,  is  forced  upwards  by  means  of  a  small  helical 
spring  placed  underneath  it  inside  the  hollow  of  the  needle-carrier ; 
and  it  is  guided  and  steadied  in  its  vertical  movement  by  passing 
through  a  guide  eye  in  a  small  bracket,  v,  fitted  for  that  purpose  on  to 
the  end  of  the  main  bracket  arm  of  the  machine. 

By  the  time  the  needle  has  descended  sufficiently  to  enter  the 
material,  the  pin,  p,  will  have  reached  the  lower  extremity  of  the  slot 
in  the  rod,  u,  and  consequently  that  rod,  with  the  lever,  T,  will  be 
drawn  downwards  so  as  to  produce  sufficient  slack  for  the  formation 
of  the  loop,  and  will  rise  again  so  as  to  tighten  the  stitch  by  the  action 
of  the  helical  spring  when  the  needle  commences  its  ascent,  w  is  a 
lever  working  on  a  centre  underneath  the  bed-plate  of  the  machine  ;  one 
end  of  this  lever  projects  over  a  cam,  b,  on  the  driviug  shaft,  whilst  its 
opposite  end,  which  consists  of  a  blade-spring,  c,  presses  upon  a  conical 
collar  on  the  spindle,  which  carries  the  spool  or  bobbin,  s',  and  forces  that 
collar  against  the  bobbin,  so  as  to  grip  it,  and  prevent  it  from  turning 
and  giving  off  any  more  thread  for  the  time  being.  The  cam,  b,  is  so 
arranged  on  the  driving  shaft,  r>,  that  whilst  the  looper,  B,  ascends  through 
the  loop  of  the  needle  thread,  the  only  tension  on  the  under  thread 
will  be  that  imparted  by  the  tension  device,  t',  and  spring,  u.  'When, 
however,  the  looper,  B,  begins  to  descend  again  after  its  loop  of  thread 
has  been  penetrated  by  the  needle,  A,  the  cam,  b,  raises  the  long  arm  of 
the  lever,  w,  so  that  the  spring,  c,  shall  bear  firmly  on  the  conical 
collar,  and  prevent  the  further  revolution  of  the  spool,  s',  and,  conse- 
quently, the  thread  will  be  drawn  tightly  between  the  guide  eye,  v,  and 
the  material  by  the  looper,  B,  as  it  descends.  In  order  to  protect  the 
needle,  A,  as  well  as  to  insure  the  projection  of  the  loop  on  that  side  of 
the  needle,  where  it  can  be  penetrated  by  the  looper,  B,  a  grooved  or 
channelled  guard  plate,  g,  is  arranged  on  the  side  of  the  needle  opposite 
to  the  looper,  this  guard  being  sufficiently  close  to  the  needle  to  prevent 
the  thread  from  looping  to  any  extent  between  the  two.  Another 
grooved  guard  or  projecting  horn,  h,  attached  to  the  needle-hole 
plate,  serves  not  only  as  a  guard  for  the  looper,  b,  when  it  rises  above 
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the  material,  thereby  insuring  the  formation  of  its  loop  in  a  convenient 
position,  to  be  caught  by  the  finger,  C,  but  also  serves  to  prevent  the 
edge  of  the  button-hole  opposite  to  that  which  is  being  worked,  from 
crowding  over  the  opening  through  which  the  looper  rises ;  this  guard 
or  projecting  horn  being  passed  through  the  slit  of  the  button-hole.  It 
further  acts  as  a  guide  in  turning  the  material  when  the  rounded  end 
of  the  button-hole  is  being  stitched.  In  fig.  1  the  machine  is  repre- 
sented as  adjusted  for  button-hole  or  edge  finishing,  the  shuttle  me- 
chanism being  represented  out  of  action;  but  in  figs.  10  and  11,  the 
button-hole  mechanism  is  out  of  action,  and  the  shuttle  is  adjusted 
in  readiness  for  use  as  a  lock-stitch  machine.  In  making  the  change 
from  a  button-hole  machine  to  a  loek-stitch  machine,  all  that  is  neces- 
sary is  to  slide  back  the  centre,  P,  of  the  lever,  o,  which  carries  the 
looper,  B,  along  its  slotted  bracket  or  lug,  p',  so  that  it  will  be  out  of  the 
way  of  the  needle  and  shuttle,  and  then  to  turn  up  the  shuttle-carrier, 
m  (which  had  been  previously  allowed  to  hang  suspended  from  the  pin 
or  fulcrum,  o,  in  the  plate,  g),  and  to  couple  the  end  of  the  slotted 
connected  rod,/  therewith,  the  other  end  of  such  rod  being  provided 
with  an  antifriction  roller,  which  works  in  the  eccentric  slot  of  a  face 
cam,  k,  fast  on  the  driving  shaft,  D.  The  shuttle  is  supported  on  a 
ledge,  I,  fixed  to  the  oscillating  carrier,  m,  and  works  against  the  face  of 
the  guide  plate,  g.  Of  course,  when  ordinary  work  is  to  be  stitched, 
the  guide  or  projecting  horn,  h,  will  also  require  to  be  removed  from 
the  needle-hole  plate. 

We  understand  there  are  two  other  machines  for  stitching  button- 
holes about  to  be  introduced  into  the  market,  the  one  by  the  Wheeler 
&  Wilson  Sewing  Machine  Company,  and  the  other  by  Mr.  Wanzer, 
but,  as  we  have  not  yet  seen  the  machines  in  question,  we  cannot  speak 
of  their  merits.  We  are  informed,  however,  that  they  both  possess  all 
the  requisites  of  good  button-hole  working  machines. 


REPORT  OF  THE  COMMISSION   ON  THE  WORKING  OF 
THE  PATENT  LAW. 

We  have  printed  this  Report  in  full,  so  that  our  readers  may  judge 
for  themselves,  so  far  as  that  is  practicable  without  going  through 
the  evidence,  of  the  grounds  upon  which  the  seven  recommendations 
of  the  Report  are  based.  We  purpose  to  examine  the  more  important, 
at  least,  of  those  in  successive  articles. 

We  have  said  seven,  because  what  is  set  down  in  the  Report  as  the 
eighth  and  last  recommendation,  is  but  an  expression  of  opinion,  and 
can  only  logically  find  its  place  in  the  category  upon  the  assumption 
that  the  Commissioners  recommend  that  their  opinion  should  be  ac- 
cepted by  the  public  as  good  and  conclusive — a  recommendation  in 
which  we  ourselves  can  only  partially  concur. 

On  the  present  occasion,  we  purpose  making  some  remarks  upon  the 
third  recommendation,  viz. : — 

"3.  Your  Commissioners  are  of  opinion  that  the  present  mode  of 
trying  the  validity  of  patents  is  not  conducted  in  a  satisfactory  manner. 
That  such  trials  ought  to  take  place  before  a  judge  sitting  with  the  aid 
of  scientific  assessors,  but  without  a  jury,  unless  at  the  desire  of  both 
parties  to  the  suit  or  action.  That  such  assessors  ought  to  be  selected 
by  the  judges  in  each  case,  and  the  remuneration  to  be  paid  them  be 
included  in  the  costs  of  the  suit  or  action,  and  provided  for  in  such 
manner  as  the  judge  shall  direct." — Report,  p.  xiii. 

Now,  we  make  bold  to  say,  that  the  method  proposed  by  this  recom- 
mendation, if  given  the  sanction  of  law,  will  prove  impracticable  to 
be  worked. 

It  may  be  supposed  that  upon  this — a  question  of  judicial  pro- 
cedure— of  all  others,  perhaps,  the  Commissioners  might  most  probably 
be  right,  most  of  them  being  themselves  lawyers,  and  that  to  question 
the  wisdom  of  their  conclusion,  is,  on  our  part,  as  laymen,  highly  pre- 
sumptuous. But  however  clear  and  astute  as  respects  law  itself 
generally,  and  patent  law  especially,  judges  and  lawyers  practising  in 
this  department  of  the  profession  may  be,  and  often  certainly  are,  we 
have  not  now  to  be  convinced  for  the  first  time  of  the  inadequate  con- 
ceptions they  nearly  all  entertain  as  to  the  inner  springs  and  workings 
of  invention  itself,  and  of  the  just  relations  and  real  bearings  of  pure 
and  applied  science  to  it,  either  before  or  after  it  has  become  concrete 
in  product. 

It  is,  in  fact,  the  old  example  of  the  natural  inadaptability  of  every 


mind,  continually  or  mainly  exercised  deductively,  to  subjects  and  in- 
quiries in  which  it  must  be  employed  inductively.  Let  us  sustain  this 
opinion  which  we  have  ventured  to  utter  of  the  lawyer  class  by  an 
example  before  us. 

At  a  not  very  distant  meeting  of  the  Law  Amendment  Society,  the 
chairman,  being  the  Solicitor-general,  is  reported  to  have  spoken  as 
follows,  not  as  portion  of  a  speech  made  on  the  spur  of  the  moment, 
but  of  a  deliberately  prepared  set  of  observations  upon  an  Annual 
Report : — 

"On  the  subject  of  patents,  assuming  that  they  were  not  to  be 
abolished  altogether,  he  would  observe  that  considerable  improvement 
might  be  effected  on  the  present  system.  If  there  were  nothing  in  the 
nature  of  a  new  discovery  or  invention,  either  of  a  new  principle  or 
process,  or  no  result  differing  in  kind  or  nature  from  any  that  was 
known  before,  he  thought  the  matter  ought  not  to  be  the  subject  of  a 
patent.  The  suggestion  of  whatever  was  a  necessary  consequence  of  the 
knowledge  which  mankind  in  common  already  possessed  ought  not,  he 
thought,  to  be  considered  a  new  discovery  or  invention.  (Hear,  hear). 
He  would  not  mention  any  particular  cases  of  such  suggestions  that 
had  come  before  him  in  his  official  capacity;  but  let  them  suppose  the 
case  of  a  man  applying  for  a  patent  for  making  a  table  out  of  some  sort 
of  wood  that  had  not  been  used  for  the  manufacture  of  tables  before. 
As  it  was  evident  from  the  knowledge  common  to  mankind  that  tables 
could  be  made  out  of  wood,  why  should  that  man  have  a  patent  ?  Or, 
if  a  man  applied  for  a  patent  for  putting  zinc  and  mahogany,  instead  of 
iron  and  mahogany,  together,  ought  he  to  have  a  patent  ?  Such  things 
were  frivolous;  they  were  merely  encroachments  on  what  was  a  public 
right  and  the  property  of  mankind;  and  he  thought  that  they  might 
with  advantage  be  excluded  from  that  class  of  inventions  or  discoveries 
for  which  patents  should  be  granted.  (Hear,  hear).  There  was 
another  measure  which  might  be  adopted.  The  law  officer,  or  other 
person  whose  duty  it  was  to  see  patents  pass  their  earlier  stage,  might 
be  entrusted  with  the  power  of  rejecting  whatever  he  considered  frivo- 
lous, the  person  applying  for  the  patent  having  the  right  of  appeal  to 
the  Patent  Commissioners  or  some  other  tribunal.  (Hear,  hear).  As 
regarded  the  suggestion  which  he  understood  to  have  been  made  at  the 
Social  Science  Conference — that,  at  the  outset,  there  should  be  an 
investigation  into  the  novelty  or  usefulness  of  the  alleged  invention, 
he  did  not  think  that  would  be  practicable,  for  the  person  before  whom 
the  application  was  to  come  should  not  be  expected  to  carry  in  his 
mind  all  the  inventions  that  had  hitherto  been  put  forward;  but,  un- 
doubtedly, they  might  give  the  first  authority  more  power  than  he  at 
present  possessed  by  enabling  him  to  discriminate  between  manifestly 
useful  inventions  and  those  which,  prima  facie  and  obviously,  appeared 
to  be  frivolous  and  bad." 

Now,  passing  by  at  present,  all  that  is  here  said  and  proposed  as  to 
"  inventions  obviously  frivolous  and  bad,"  let  us  just  observe  the  concep- 
tion as  to  the  very  nature  of  new  invention  here  formed  by  an  eminent 
lawyer,  contained  in  the  words  printed  in  italics.  We  shall  say  nothing 
as  to  the  not  very  clearly  thought,  views  and  illustrations  that  follow, 
but  merely  take  an  example  or  two  of  the  consequences  of  the  principle 
alleged.  When  Dollond  invented  the  achromatic  telescope,  there  was 
nothing  in  his  invention  that  did  not  follow  as  a  necessary  consequence 
of  the  knowledge  which  mankind  in  common  already  possessed.  Ought 
he,  had  he  so  chosen,  to  have  been  debarred  from  a  patent  for  what 
might  easily  have  been  set  down  as  a  frivolous  combination  of  crown 
and  flint  glass  into  one  lens,  but  which  has  since  proved  of  inestimable 
value  to  mankind,  because  the  optical  principles  on  which  the  effect 
depends  had  been  already  knowledge  common  to  mankind  ?  Hadley, 
when  he  invented  the  sextant,  which  has  done  more,  perhaps,  than 
any  other  single  instrument  in  the  hand  of  man  to  promote  and  perfect 
navigation  and  save  human  life,  would  have  been  equally  on  this  prin- 
ciple debarred  a  patent ;  for  the  sextant  is  a  necessary  consequence  of 
geometrical  knowledge  common  to  mankind  since  the  time  of  Euclid. 
Indeed,  it  is  hard  to  see  what  could  be  an  invention  if  tested  by  this 
principle. 

Well,  then,  if  lawyers,  although  so  acute  within  their  own  domain, 
have  such  misty  notions  as  this,  a  little  outside  it,  that  is  just  the  reason, 
it  may  be  said,  why  their  sitting  in  judgment  with  the  help  of  assessors  is 
desirable.  We  admit,  not  only  as  regards  the  judges  and  lawyers,  but 
the  jury  also,  the  advisability  of  extraneous  skilled  assistance,  but  we 
debate  the  practicability  of  affording  it  in  the  way  suggested — by 
assessors.     Still  more  do  we  deprecate  the  abolition  of  the  jury. 
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Most  of  the  evils  incident  to  the  existing  mode  of  conducting  patent 
law  trials,  which  have  any  relation  to  scientific  or  skilled  testimony  or 
assistance,  are  comprised  under  the  following  heads  : — 

1.  Common  or  special  jurors,  not  being  themselves  generally  experts, 
or  possessed  of  any  scientific  training,  or  much  or  diffused  technical 
knowledge,  are  unable  for  themselves  to  decide  upon  the  value  of 
scientific  testimony  when  presented  to  them.  Occasionally  they  are 
not  even  in  a  position  to  comprehend  it,  and  are  often  likely  to  be 
misled  by  it. 

2.  Both  court  and  jury  have  to  take  the  facts,  or  certain  classes  of 
facts,  from  the  mouths  of  "  scientific  witnesses."  But  these  "  experts  " 
often  give  conflicting  testimony,  and  more  especially  on  matters  not 
of  direct  fact ;  and  have  in  some  cases  appeared  so  much  in  the  light  of 
biassed  partisans  as  to  suggest  the  notion  that  scientific  testimony  may 
be  suborned,  and  to  cast  discredit  upon  all  honest  men  of  science,  and 
on  their  testimony  generally. 

3.  The  judge  is  not  himself  an  expert,  neither  are  the  lawyers;  and 
hence,  in  the  absence  of  the  check  upon  untrue  or  warped  testimony — 
of  any  competent  scientific  or  skilled  audience  known  to  be  present,  and 
engaged  in  the  trial  (other  than  the  experts  of  the  opposite  party) — 
there  is  great  latitude  and  every  inducement  to  scientific  witnesses  to 
mislead  by  straining  evidence,  and  to  counsel  to  tempt  them  to  do  so. 

4.  The  complexity  of  issues  often  to  be  tried  in  patent  cases,  and  the 
intricacy  in  which  the  respective  duties  of  judge  and"  jury  are  often 
involved,  enable  counsel  often  to  create,  of  set  purpose,  confusion  (to 
save  a  weak  cause),  by  the  production  of  needless  scientific  testimony — 
the  irrelevancy  of  which  it  is  sometimes  difficult  or  impossible  for  either 
judge  or  jury  to  declare,  owing  to  their  want  of  scientific  or  technical 
knowledge. 

5.  Much  prolixity  and  needless  scientific  or  skilled  testimony  are  fre- 
quently produced,  even  when  there  is  no  purpose  thereby,  to  create 
confusion;  and  not  being  themselves  experts,  the  judge  or  jury  have  little 
power  of  checking  this. 

Some  other  objections  to  the  existing  modes  of  presenting  technical 
testimony  might  be  added,  but  we  think  the  above  comprise  the  chief  ones. 

Now,  as  a  remedy  for  all  this,  it  is  suggested,  "  unless  at  the  desire 
of  both  parties  to  the  suit,"  to  throw  overboard  the  trial  by  jury  alto- 
gether— that  "  ancient  institution,  sanctioned  by  experience,"  as  Chief- 
justice  Erie  says  in  his  communication  to  the  Commission  (Appendix, 
p.  222),  "of  which  there  is  the  well-founded  belief  that  it  decides 
questions  of  fact  better  than  any  substitute  that  has  ever  been  proposed;" 
and  to  make  the  judge  sole  decider  upon  questions  of  fact  and  questions 
of  law;  and  to  enable  him  to  decide  the  former,  he  is  to  possess  the 
power  to  choose  assessors  for  each  particular  case  coming  to  trial,  whose 
payment  he  shall  decide,  and  include  in  the  costs. 

Let  us  ask,  what  would  remain  for  the  jury,  assuming  that  by  con- 
sent there  were  one,  when  the  judge  thus  sat  at  the  same  time  with 
assessors,  if  the  latter  are  to  have  any  real  function  beyond  that  of  acting 
in  some  vague  way  upon  the  scientific  witnesses  in  control  of  their 
testimony.  In  the  vast  majority  of  cases,  the  jury,  thus  rendered  a  mere 
superfluity,  would  by  consent  be  abandoned ;  and  we  can  readily  see 
cases  in  which  a  positive  advantage  would  be  possessed  by  a  party  wno 
should  refuse  consent  to  have  a  jury. 

"Were  the  new  system  in  operation,  we  should  soon  find  come  to  the 
surface  a  class  of  professional  assessors — men  who  would  make  it  their 
business  and  calling  to  be  at  the  disposal  of  the  judges  for  the  purpose ; 
fur  it  cannot  be  supposed  that  in  any  other  way  the  judges  could  know 
who  they  could  call  upon  or  summon,  or  that  it  would  be  possible  for 
the  judge,  at  his  own  proper  will  and  pleasure,  to  fix  upon  any  skilled 
man  in  the  communitj',  and  without  previous  notice  drag  him  from  his 
own  avocations,  and  insist  upon  his  advising  the  court,  for  perhaps 
days  together — a  duty  from  which,  too,  any  man  might  excuse  himself, 
by  saying,  simply,  he  knew  nothing  specially  about  the  subject  to 
be  tried. 

If,  then,  we  are  to  have  a  scientific  caste  of  assessors,  we  would  ask, 
what  guarantee  there  is  holden  out  that  they  will  be  as  unbiassed  as 
the  judge — that  they  will  never  be  amenable  to  favour  or  to  indirect 
interest,  and  that  they  will  be  really  competent  and  worthy  advisers,  at 
all  times  and  upon  every  subject. 

The  power  placed  in  their  hands  would  be  enormous;  in  fact,  they 
would  possess  more  real  power  in  the  destinies  of  many  a  patent-law 
trial  than  any  body  or  functionary  in  court,  the  judge  included ;  for  the 
judge  is  to  decide  as  to  fact,  but  if  he  wants  the  assessors  at  all,  he 


must  take  his  own  knowledge  of  the  facts  through  the  assessors;  and 
as  to  scientific  and,  more  especially,  minute  technical  points,  the  judge 
would  be  absolutely  in  their  hands — helpless,  and  without  appeal — unless 
he  chose,  in  some  case  of  conflict  and  puzzle,  to  call  in  a  new  assessor 
to  decide  whether  what  the  original  assessors  had  told  was  sound  and 
true  or  not;  and  we  can  easily  imagine  that,  in  such  a  case,  the  conflict 
of  scientific  testimony  might  be  even  more  amusing  to  the  irreverent 
listeners  than  under  the  existing  state  of  things.  It  would,  as  it  appears 
to  us,  come  very  much  to  this,  in  occasional  instances  at  least,  that 
with  the  assessors  would  really  rest  the  whole  issue  of  the  trial — they 
would  practically  become,  in  their  own  persons,  the  witnesses,  the  jury, 
and  the  judges. 

What,  under  the  existing  system,  is  in  truth  the  great  real  evil  ?  It 
is  simply  this,  that  in  general,  in  Great  Britain,  the  state  of  education  and 
of  information  of  the  middle  classes  is  so  defective  and  deficient,  that 
albeit  we  are  such  a  nation  of  shopkeepers  and  handycraftsmen  as  we 
are,  yet  the  juries,  whether  common  or  special,  are  found,  and  declare 
themselves  to  be  (as  in  the  celebrated  case  of  Betts  v.  Menzies)  incap- 
able of  understanding  or  dealing  with  the  scientific  and  technical 
testimony  presented  to  them.  They  often  listen  in  such  helpless  indif- 
ference to  matters  which  they  so  imperfectly  comprehend  (not  so  much 
from  any  want  of  the  logical  faculty,  as  from  the  absence  of  any  know- 
ledge of  science  or  of  arts),  that  they  cannot  discern  its  greater  or  less 
relevancy,  or  cogency,  or  particular  effect  upon  the  matter  in  hand. 

What  is  the  obvious  remedy  for  this  ?  Will  not  any  one  at  once 
admit,  that  if  we  could  raise  the  standard  of  education  and  information 
of  the  juries,  almost  every  alleged  evil  of  scientific  testimony  would 
vanish  at  once  before  them. 

Who  does  not  see,  that  if  for  any  conceivable  patent  case  at  trial  we 
were  at  liberty  to  select  a  special  jury,  from  the  lists  of  our  great  learned 
bodies,  and  great  mercantile  associations  and  manufacturing  houses,  we 
could  find  twelve  men,  who  though  they  might  have  but  a  very  general 
prior  knowledge  of  the  precise  matter  in  issue,  would  yet  bring  to  its 
consideration  so  much  of  mental  training,  exact  habit  of  collecting 
evidence  by  observation  or  otherwise,  so  much  knowledge  of  scientific 
principle,  and  such  a  diffused  mass  of  general  information  as  to  techni- 
calities, as  would  enable  them  fully  and  rapidly  to  grasp  what  was 
presented  to  them ;  to  reject  the  chaff,  and  garner  the  grain  of  evi- 
dence ;  and  to  exercise  the  most  wholesome  check  upon  any  professional, 
scientific,  or  technical  witnesses,  who  came  before  them,  and  showed 
anjr  tendency  to  warp  or  garble  facts  or  theories,  or  bring  forward 
irrelevant  matter. 

Such  men  would  be  true  and  liege  "assessors"  to  the  judge,  to  the 
litigants,  and  to  the  public;  and  yet  in  a  position  in  which  they  took 
no  new  functions  beyond  those  of  English  jurymen. 

Now,  we  venture  to  submit  that  it  is  perfectly  practicable  to  effect  at 
once  such  a  revolution  in  the  standard  of  education  of  the  juries  who 
should  be  called  upon  to  try  patent  law  cases,  and,  we  may  add,  certain 
other  cases  outside  patent  trials  altogether,  but  having  many  analogies 
with  these  in  the  scientific  character  of  the  testimony,  &c,  such  as 
criminal  trials  for  secret  poisoning,  &c.  This  could  be  effected  by  the 
creation  of  a  new  grand  jury  panel,  to  be  called  the  Scientific  Grand 
Jury  Panel,  from  the  names  on  which  alone  should  be  chosen  by  the 
mutual  consent  of  the  parties — or  at  least,  with  the  right  of  challenge, 
and  subject  to  the  final  approval  of  the  judge — all  juries  to  try  patent 
and  like  causes,  whether  civil  or  criminal. 

The  whole  of  the  names  upon  this  panel,  which  would  constitute  the 
elite,  as  it  were,  of  all  the  juries  of  the  kingdom,  should  be  of  the  social 
position,  we  think,  of  grand  or  special  jurors.  Their  names  should  be 
selected  from  the  lists  of  the  learned  bodies — of  the  Colleges,  of  the 
professions  of  medicine,  surgery,  and  engineering.  This  panel  should 
embrace  all  known  and  of  repute  manufacturers,  mechanics,  technolo- 
gists, chemists,  even  naturalists,  and  many  other  classes  of  avocational 
knowledge,  as  well  as  land  and  mine  owners,  agriculturists,  &c,  with 
others  having  practical  knowledge  of  business,  and  of  transactions  in 
relation  to  technical  and  trading  affairs.  Nothing  but  known  moral 
delinquency  or  insolvency,  &c,  should  disqualify  from  this  the  first 
jury  panel  of  the  commonwealth,  to  be  enrolled  upon  which  would  be, 
to  any  man,  recognised  as  a  post  of  honour.  The  panel  would  be  so 
large,  tl  it  the  duties  devolving  upon  it  would  not  be  onerous  to  any 
one.  It  should  have  no  local  limitation,  but  at  the  discretion  of  the 
judge,  and,  anteriorly,  of  certain  law  functionaries,  who  with  the  soli- 
citors, respectively,  should  strike  the  jury ,  it  should  be  competent  to 
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summon  any  man  in  the  empire,  or  from  any  distance — a  right  never 
likely  to  be  abused,  or  be  oppressive. 

These  jurors  should  be  paid  for  their  time  and  services,  and  paid 
handsomely  under  the  control  of  the  court ;  probably  five  guineas  per 
day  with  travelling  expenses,  per  juror,  would  not  be  too  much,  and  the 
charge  should  fall  upon  the  beaten  party,  or  upon  both  equally,  as  the 
court  should  rule. 

This  expense  would  in  itself  tend  to  cheek  waste  of  evidence  and 
time  on  the  part  of  the  conducting  agents ;  and  yet  would  not  act  in 
any  contrary  way,  capable  of  having  the  effect  of  protraction  upon 
such  men  as  would  under  this  system  fill  the  jury  box. 

No  exemption  from  this  panel  or  from  service  should  be  allowed, 
except  the  usual  one  of  age,  or  the  temporary  one  of  illness. 

From  such  a  panel  it  will  not  be  denied,  that  it  would  be  practicable 
and  easy  to  select  twelve  men,  for  the  trial  of  any  patent  case,  the 
fittest  possible  for  its  clear  and  full  comprehension.  It  would  seldom, 
perhaps  never,  be  desirable  to  have  the  whole  jury  of  one  class  of  men  ; 
but  were  it  otherwise,  it  is  equally  undeniable  that  it  might  be  so 
chosen  :  for  example,  were  the  patent  one  relating  to  the  manufacture  of 
iron,  twelve  iron-masters  might  constitute  the  jury;  so  if  it  were  one 
of  woollen  manufacture,  &c.  And  to  avoid  the  chance  of  personal 
interests  coming  into  play,  besides  the  right  of  challenge,  the  jurors 
might  be  taken  from  a  distant  quarter  of  the  country  from  that  to 
which  the  subject  of  the  trial  had  its  localization.  Thus  if  it  were 
a  trial  about  some  special  thing  of  South  Wales  iron  manufacture, 
there  would  be  the  choice  of  jurors  from  Staffordshire  or  the  North. 

The  effect  of  having  such  juries  would  be,  to  curtail  to  a  great 
extent  the  amount  of  scientific  testimony  brought  before  them,  as  well 
as  to  correct  its  character;  and  so  although  the  jury  would  cost  more, 
the  probability  is  that  the  trial,  on  the  whole,  would  cost  the  litigants 
as  little  as  now. 

The  facts  requiring  to  be  elicited  at  trial,  should  be  laid  before  these 
"scientific  juries"  in  the  usual  way;  but  no  matter  of  opinion  based 
on  scientific  or  technical  knowledge,  either  relating  to  the  subject- 
matter  of  the  patent,  or  the  wording  of  the  specification,  &c,  should 
be  received  from  the  expert  witnesses. 

All  interpretation  of  the  specification  as  a  document,  should  rest 
with  the  judge. 

It  should  be  competent  for  such  a  jury,  upon  their  unanimous  demand 
and  with  consent  of  the  judge,  to  have  experiments  conducted  to  elucidate 
the  truth  when  necessary,  and  for  such,  if  arising  even  during  the  trial, 
it  should  be  in  the  province  of  the  judge  to  order  the  postponement  of  the 
conclusion  of  the  trial  for  a  limited  time.  A  single  experiment  would 
often  settle  a  matter  upon  which  counsel  and  opposing  witnesses  have 
haggled  and  wasted  time  for  days. 

We  think  that  under  this  system  every  advantage  proposed  by  the 
third  recommendation  of  the  Patent  Law  Commission  might  be  secured, 
without  any  wide  departure  from  existing  usages,  and  without  incurring 
the  serious  evils  that  appear  to  us  certain  to  result  from  the  assessor 
system,  should  it  unfortunately  be  adopted.  The  title  assessor  sounds 
very  fine,  impartial,  and  Rhadamantkus-like ;  conditioned,  however,  as 
these  functionaries  would  really  be  found,  we  are  by  no  means  6ure  that 
all  that  has  been  alleged  against  scientific  testimony  would  be  found 
removed  in  their  persons,  and  we  naturally  ask,  "  Quis  custodiet  ipsos 
custodes  t " 

In  conclusion,  let  us  add,  that  while  there  is  some  truth  in  the 
complaints  made  against  scientific  men  and  technologists,  as  witnesses 
in  patent  trials,  a  great  deal  of  ignorance  and  exaggeration  have 
served  to  deepen  the  impression,  as  to  their  backslidings,  in  the  public 
mind. 

We  go  so  far  as  to  say,  that  a  scientific  witness  is  not  properly  confined 
to  a  mere  uninterested,  passionless,  and  impersonal  answering  of  any 
question  put  to  him  in  the  witness  box.  It  is  right  and  proper  that  he 
should  view  himself,  and  be,  an  advocate  for  what  he  believes  true.  It 
is  his  business  to  accept  his  position  in  no  case  in  which  he  does  not 
believe,  and  feels  fully  conscious  that  the  case  which  he  supports  is 
true,  honest,  and  right.  So  sustained,  we  say,  it  is  at  once  his  privilege 
and  his  duty  to  enforce  that  which  he  knows  to  be  true  to  the  utmost 
of  his  power. 

If  these  conditions  have  been  now  and  then  abused  by  unscrupulous 
men,  who,  without  one  spark  of  the  mens  dicinior,  have  prostituted 
what  little  science  they  had  for  a  morsel  of  bread,  the  necessities  or  the 
greed  of  gain  that  produced  so  humiliating  an  exhibition  must  not  be 


made  a  ground  for  dishonouring  men  of  science  as  a  class;  nor  must 
the  few  and  rare  cases,  in  which,  through  the  torturing  of  testimony,  or  by 
cross-examination,  or  those  apparent  discrepancies  which  will  happen 
in  the  exposition  by  different  minds  of  the  same  truth,  scientific  wit- 
nesses have  been  made  sport  for  the  Philistines,  be  suffered  to  cast  a 
general  slur  upon  the  cultivators  of  abstract  and  of  experimental  science 
— the  men  who,  perhaps,  of  all  other  classes  in  the  world,  and  in  all 
ages,  have  possessed,  and  proved  that  they  had,  the  greatest  reverence 
for  truth. 


BARCLAY'S    INJECTOR. 

(Illustrated  by  Plate  II.) 

Since  the  introduction  into  this  country  of  the  Giffard  Injector,  be- 
tween the  years  1859-60,  numerous  attempts  have  been  made  to  use 
either  the  original  instrument  or  some  modification  of  it  for  the  pur- 
poses of  raising  water  from  greater  depths,  and  forcing  it  to  greater 
heights,  than  it  appears  had  ever  been  contemplated  by  Giffard  him- 
self. Up  to  the  present  time,  however,  all  attempts  have  proved 
wasteful  in  the  expenditure  of  work;  and,  until  recently,  such  applica- 
tions of  the  instrument  as  the  elevating  of  water  from  pits,  raising  fresh 
water  for  the  supply  of  the  tenders  of  locomotive  engines,  and  numerous 
other  purposes  which  we  will  not  now  stay  to  enumerate,  had  for  a 
while  ceased  to  be  prosecuted.  It  is  not  our  purpose  now  to  review 
the  numerous  improvements  which  Giffard's  apparatus  has  received  at 
the  hands  of  British  engineers;  this  we  reserve  for  a  future  article, 
when  we  trust  to  lay  before  our  readers  what  we  believe  to  be  the 
rationale  of  injecting  and  ejecting  apparatus.  Mr.  England's  paper, 
lately  read  before  the  Institution  of  Civil  Engineers,  and  a  leading 
article  on  the  same  subject  in  one  of  our  contemporary  periodicals,  will 
do  much  to  form  fresh  views  of  the  Injector  in  the  minds  of  engineers. 
We  now  proceed  to  describe  the  apparatus  lately  constructed  by  Mr. 
Andrew  Barclay,  of  Kilmarnock,  which  is,  beyond  all  equivocation,  the 
most  efficient  injector  or  ejector  yet  introduced. 

The  improvements  in  apparatus  employed  for  the  purposes  of  inject- 
ing and  ejecting  liquids  and  fluids  consists  chiefly  in  extending  the 
annular  nozzle,  through  which  the  liquid  passes,  to  a  much  greater 
length  than  that  which  has  up  to  the  present  time  been  used;  also  in 
forming  a  passage  beyond  the  nozzle  for  the  purpose  of  obtaining  an 
annular  sheet  of  steam  or  water  after  the  stream  has  passed  through  it: 
by  this  arrangement  a  far  superior  force  both  for  raising  and  also  for 
forcing  liquids  and  fluids  generally  is  obtained. 

One  modification  of  this  improved  apparatus  is  shown  in  vertical 
section  in  fig.  1.  The  cylindrical  body  of  the  apparatus  may  be  all 
cast  in  a  piece,  but  it  is  preferred  to  construct  it  of  three  separate  cast- 
ings, screwed  or  bolted  together  as  shown. 

The  steam  in  this  modification  enters  by  the  pipe,  A,  the  water  or 
other  fluid  to  be  raised  enters  by  the  pipe,  B,  and  the  overflow  is  formed 
by  the  pipe,  G,  cast  on  the  lower  part  of  the  apparatus,  together  with  the 
ilanch,  D,  which  flanch  forms  the  connection  to  the  boiler  or  other 
receiver  through  which  the  fluid  to  be  injected  passes.  The  steam 
nozzle,  E,  is  screwed  into  one  end  of  the  adjustable  cylinder,  F,  and  is 
surrounded  by  an  envelope  or  casing,  C,  leaving  a  free  space  between  the 
outside  of  the  nozzle,  E,  and  its  casing;  this  space  maybe  filled  with 
any  non-conducting  substance,  or  it  may  only  contain  the  air  inclosed 
in  putting  on  the  casing.  The  object  of  surrounding  the  steam  nozzle 
with  any  non-conductor  of  heat  is  to  maintain  a  high  temperature  of 
the  steam  until  it  reaches  the  exit  from  its  nozzle,  E,  as  priming  is  very 
injurious  whilst  forming  the  vacuum.  The  water  nozzle,  H,  in  this 
arrangement  is  extended  to  a  considerable  distance  beyond  the  first  or 
steam  nozzle,  E,  and  becomes  of  an  annular  form  by  the  introduction 
of  the  centre  adjustable  spindle,  I.  The  tapered  form  of  this  spindle, 
I,  when  raised  or  lowered  by  turning  the  hand  wheel,  J,  increases  or 
diminishes  the  annular  space,  to  suit  the  pressure  of  steam  employed, 
and  the  height  from  which  the  water  or  other  fluid  has  to  be  raised. 
At  a  short  distance  from  the  aforesaid  nozzle,  h,  a  receiving  nozzle  or 
throat,  K,  is  so  placed  and  adjusted  by  means  of  a  self-acting  valve,  L, 
that  when  a  greater  or  less  quantity  of  fluid  is  discharged  from  the 
second  nozzle,  H,  the  throat  accommodates  itself  accordingly.  The  ad- 
justable cylinder,  F,  may  be  raised  or  lowered  by  turning  the  hand 
wheel,  M,  through  the  introduction  of  a  screw  formed  on  itself,  working 
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in  a  nut  formed  in  the  upper  part  of  the  apparatus,  as  shown  at  N,  or 
any  other  convenient  appliance  to  obtain  a  similar  effect,  that  is,  the 
raising  and  lowering  of  the  cylinder  to  suit  the  desired  quantity  of  fluid 
to  be  injected.  A  series  of  holes  is  formed  opposite  the  steam  branch, 
A,  through  which  the  steam  passes  to  the  interior  of  the  cylinder,  F,  as 
indicated  by  the  arrow  at  o.  To  maintain  a  perfectly  air-tight  packing 
between  the  steam  branch,  A,  and  the  nozzle  chamber,  P,  hemp  or 
other  elastic  substance  is  forced  into  the  space  between  the  adjust- 
able cylinder,  F,  and  the  bod}7  of  the  apparatus,  by  means  of  a  gland,  It, 
which  may  either  be  screwed  into  the  body  of  the  apparatus  itself,  or 
by  studs  or  bolts  through  flanches,  as  shown  in  fig.  1.  The  cylindri- 
cal part  of  the  gland,  R,  within  the  body  of  the  apparatus,  and  where 
it  passes  the  steam  branch,  a,  has  a  series  of  holes,  so  as  to  admit 
of  a  free  passage  of  the  steam  to  the  interior  of  the  adjustable  cylinder, 
F,  and  may  be  screwed  up  so  as  to  compress  the  packing  in  the  space, 
Q,  without  in  any  way  obstructing  the  steam  passage.  When  water  or 
other  liquid  has  to  be  raised  about  20  or  25  feet  it  is  very  necessary 
that  the  lower  packing,  Q,  should  be  perfectly  air-tight,  and  this  can  be 
accomplished  at  any  time  by  screwing  up  the  gland,  K.  To  prevent 
any  passage  or  leak  of  steam  within  and  around  the  gland,  R,  two 
small  stuffing  boxes  with  glands,  s  and  T,  are  screwed  up  by  means  of 
bolts  or  studs  when  required.  The  adjustable  spindle,  I,  is  kept  steam- 
tight  by  the  stuffing  box,  u. 

The  action  of  the  apparatus  may  now  be  described:— On  steam  being 
admitted  by  the  branch  pipe,  A,  it  issues  at  the  nozzle,  E,  and  on 
meeting  the  angle  of  the  second  nozzle,  H,  it  is  deflected  towards  the 
centre  spindle,  I,  which  again  deflects  it  toward3  the  nozzle,  H,  in  a  zig- 
zag form ;  this  zig-zag  wave  motion  expels  the  air  from  the  nozzle 
chamber,  P,  and  the  steam,  forming  as  it  were  an  annular  fluid  piston, 
prevents  any  return  through  the  nozzle,  h  ;  so  soon  as  the  vacuum  is 
sufficient  to  raise  the  water  or  other  fluid  to  be  injected,  it  rushes  in 
through  the  branch  pipe,  B,  and  is  expelled  by  the  steam  through  the 
second  nozzle,  H,  the  water  and  steam  together  now  forming  the  fluid 
piston  in  the  nozzle,  n.  The  water  as  yet  may  not  have  sufficient 
f  jrce  to  pass  through  the  throat,  K,  it  therefore  gets  an  outlet  by  the 
overflow  passage,  G.  On  turning  the  hand  wheels,  J  and  M,  so  as  to 
giveboth  more  water  and  steam,  the  force  imparted  to  the  water  becomes 
sufficient  to  pass  through  the  throat,  K,  and  enter  the  boiler  or  other 
receiver.  In  starting  the  apparatus  it  is  very  essential  that  the  steam 
nozzle,  E,  should  be  very  close  to  the  second  nozzle,  H,  when  the  water 
has  to  be  raised  from  a  great  depth  such  as  25  feet ;  but  otherwise 
the  setting  or  adjusting  of  the  apparatus  is  very  similar  to  those  now 
in  use. 

Another  modification  of  packing  the  adjustable  cylinder,  F,  is  repre 
sented  in  fig.  2  In  this  arrangement  ODe  gland,  R,  serves  to  screw 
up  both  the  packings,  Q  and  Q1,  and  by  merely  using  a  loose  ring  or 
cylinder  between  the  two  packings,  one  gland,  R,  serves  to  maintain  the 
adjustable  cylinder,  f,  perfectly  steam  and  air  tight.  Around  the  loose 
ring  or  cylinder,  v,  and  through  it,  are  a  series  of  holes  or  slots  opposite 
the  steam  branch,  A,  to  admit  of  the  steam  passing  to  the  interior  of 
the  adjustable  cylinder  :  in  other  respects  this  modification  is  similar  to 
that  already  described.  Instead  of  admitting  the  steam  by  the  branch 
pipe,  A,  and  the  water  by  the  branch  pipe,  B,  they  may  be  reversed  as 
shown  in  fig.  3,  where  B  is  the  steam  branch,  and  A  the  water  branch. 
In  this  modification  the  steam  for  the  first  impulse  strikes  against  the 
centre  spindle,  I,  and  is  deflected  towards  the  nozzle,  II,  as  shown  by 
the  dotted  lines  in  fig.  3,  otherwise  the  action  and  construction  of  the 
apparatus  is  similar  to  those  just  described.  The  water  passing  through 
the  nozzle,  E,  is  expelled  through  the  nozzle,  H,  by  the  surrounding 
annulns  of  steam,  and  gains  sufficient  force  to  pass  through  the  throat, 
K,  into  the  receiver,  where  water  or  other  fluids  are  required. 

At  fig.  4  is  shown  in  vertical  section  another  modification  of  the 
improved  apparatus  for  injecting  or  ejecting  fluids ;  and  this  arrangement 
is  considered  to  be  one  of  the  most  important  features  of  the  improve- 
ments. The  outer  casing  of  the  instrument  has  formed  on  it  two  water 
branches,  A  and  A1,  and  one  steam  branch,  B.  The  use  of  and  reason 
for  employing  the  two  water  branches,  A  and  A1,  will  be  presently  more 
fully  described.  Immediately  on  the  inside  of  this  outer  casing  there 
is  fitted  the  gland,  c,  which  presses  upon  the  packing,  d,  this  pressure 
being  continued  further  on  to  the  next  ring  of  packing,  D1,  by  the  intro- 
duction of  the  slotted  metallic  collar,  E,  the  slots  formed  in  which  are 
for  the  purpose  of  enabling  the  water  admitted  through  or  at  the  branch, 
A,  to  be  carried  in  towards  the  central  part  of  the  instrument.    Beneath 


the  second  ring  of  packing,  D1,  there  is  placed  another  similarly  formed 
metallic  ring,  El,  with  slots  also  formed  in  it  to  enable  the  steam  to  be 
conducted  into  the  annular  steam  space,  F,  of  the  apparatus,  and  this 
in  turn  acts  or  presses  upon  the  lowest  ring  of  packing,  B2;  the  several 
rings  of  packing,  D,  D1,  and  D2,  forming  a  suitable  bed  in  which  the 
barrel,  G,  is  capable  of  sliding  to  be  adjusted  as  may  be  required.  The 
barrel,  G,  it  will  be  observed,  forms  the  outer  shell  of  the  annular  steam 
space.  Inside  the  barrel,  G,  is  fitted  the  gland,  H,  bearing  upon  the 
ring  of  packing,  I ;  this  again  bears  upon  the  slotted  metallic  ring,  J, 
below  which  is  situated  another  ring  of  packing,  I1.  These  two  rings 
of  packing,  I  and  I1,  form  suitable  beds,  within  which  the  barrel,  K, 
forming  the  annular  water  space,  I,,  is  capable  of  being  adjusted,  as 
before  referred  to  with  respect  to  the  barrel,  G.  Inside  the  barrel,  K, 
there  is  situated  the  adjustable  spindle,  m.  Both  the  spindle,  M,  and 
the  barrel,  k,  are  actuated  by  the  hand  wheels,  N  and  n1,  in  a  similar 
way  to  that  described  in  reference  to  figs.  1  and  2.  On  more  parti- 
cularly referring  to  fig.  4,  it  will  be  observed  that  both  of  the  barrels,  G 
and  K,  are  mounted  at  their  lower  ends  with  nozzles,  within  which  is 
contained  the  non-conducting  substance,  or  it  may  be  an  air-tight 
space. 

The  distinctive  features  and  peculiarities  of  this  arrangement  are  as 
follows;  that  is  to  say,  there  are  two  water  inlets  or  branches,  A  and  A1, 
in  lieu  of  one,  as  used  in  the  former  modification,  whilst  there  is  only 
one  inlet  for  steam,  the  two  water  branches,  A  and  A1,  being  in  direct 
communication  with  the  two  annular  nozzles.  When  it  is  desired  to  feed 
a  fluid  of  a  somewhat  elevated  temperature,  the  warmed  fluid  is  admitted 
through  the  branch,  A,  whence  it  travels  or  passes  onwards  to  the 
central  water  space,  L;  but  since  the  principle  of  the  apparatus,  and  its 
effectual  working,  are  chiefly  dependent  upon  the  formation  of  a  vacuum 
produced  by  the  condensation  of  steam  admitted  at  the  branch,  B,  it  is 
obvious  that  if  the  injected  or  ejected  fluid  be  of  a  very  elevated  tem- 
perature, it  will  act  detrimentally  upon  the  working  of  the  instrument, 
by  preventing  so  perfect  a  vacuum  being  formed.  To  counteract  the 
production  of  this  effect,  and  to  secure  the  very  effectual  w-orking  of  the 
instrument,  prior  to  the  admission  of  the  heated  fluid,  a  colder  fluid,  or 
one  possessed  of  a  temperature  sufficiently  low  to  insure  the  action 
being  effective,  is  first  admitted  through  the  branch,  A1 ;  and  this  coming 
in  contact  with  the  steam  jet,  causes  the  latter  to  be  speedily  condensed, 
when  the  cold  water  is  impelled  forward  with  a  velocity  corresponding 
to  that  of  the  pressure  of  steam  used,  rushing  from  an  orifice  into  the 
atmosphere,  the  impelled  water  having  a  momentum  equivalent  to  the 
product  of  its  own  weight  multiplied  by  the  velocity  of  the  flow  of  the 
steam  or  other  impelling  fluid.  So  soon  as  the  action  of  the  instrument 
is  insured  by  the  admission  of  the  cold  water  and  steam,  then  the  heated 
liquid  is  admitted,  and  it  is,  as  it  were,  pulled  forward  through  the 
nozzle  by  the  rushing  action  of  the  colder  fluid. 

A  slight  but  important  modification  of  this  last-described  apparatus 
may  be  effected  by  forming  it  without  the  water  branch,  A,  and  substi- 
tuting in  lieu  of  it  a  port  or  duct,  c,  shown  in  dotted  lines,  extending 
upwards  on  the  exterior  portion  of  the  instrument  in  direct  connection 
with  a  passage  or  communication  with  the  slotted  rings,  E  and  J, 
through  which  the  fluid  passes  into  the  inner  water  space  of  the  instru- 
ment. It  must  be  borne  in  mind  that  wdien  the  instrument  is  formed  in 
this  last-mentioned  manner  it  is  to  be  used  for  injecting  or  ejecting  a 
fluid  of  a  comparatively  low  temperature;  in  which  case  there  will  be 
formed  at  the  nozzle  two  annular  jets  of  the  injected  or  ejected  fluid, 
with  an  annular  jet  of  steam  situated  concentrically  between  them  ,  or, 
instead  of  this,  two  jets  of  steam,  with  a  jet  of  water  intervening;  and 
these  arrangements  effect  a  much  more  perfect  condensation  of  the  steam 
than  when  only  a  single  jet  of  water  is  employed,  as  in  the  former  modi- 
fication, thus  producing  a  more  perfect  action  of  the  instrument.  It 
will  bo  observed  that  the  central  spindle  in  this  last  modification  is 
extended  so  as  to  diminish  the  area  of  the  injecting  nozzle,  H.  The 
screw,  u,  is  for  the  purpose  of  adjusting  the  position  of  the  outer  bar- 
rel, G.  This  screw  is  capable  of  revolving  easily  in  the  upper  part  of 
the  outer  casing  of  the  instrument;  the  screwed  portion  of  it  fits  into 
a  corresponding  hole  in  the  bracket  formed  on  the  side  of  the  barrel, 
G,  and  it  is  actuated  by  means  of  a  winch  handle  or  screw  key,  made 
to  fit  on  its  upper  end. 
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COMPOUND    SPRINGS. 

An  exceedingly  useful  form  of  compound  springs  suitable  as  buffers, 
bearing  and  draw  springs  for  railway  rolling  stock,  and  applicable  to 
other  purposes,  has  been  recently  patented  in  this  country  by  Mr.  Richard 
Vose,  of  New  York,  and  is  being  largely  manufactured  by  the  American 
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Car  Spring  Company  of  New  York.  The  peculiarity  of  these  springs 
which  are  simple  in  construction,  light,  and  inexpensive,  will  be  readily 
perceived  on  referring  to  the  three  engravings  annexed.  Fig.  1  is  a 
perspective  elevation,  fig.  2  a  vertical  section,  and  fig.  3  a  detail,  repre- 
senting the  appearance  of  the  spring  when  in  its  com- 
pressed state.  The  general  nature  of  the  spring 
consists  of  a  metal  helix,  A,  between  the  coils  of  which 
are  intertwined  the  coils  of  a  vulcanized  india  rubber 
helix,  B.  The  chief  feature  of  novelty  consists  in  the 
sectional  form  of  the  metal  helix,  which  is  coiled  from 
a  longitudinally  channelled  or  fluted  bar  of  a  section 
represented  in  figs.  2  and  3.  This  section  of  bar  has 
been  found  to  increase  greatly  the  strength  and  elas- 
ticity of  the  spring,  and  may  be  used  with  advantage 
in  helical  springs  without  the  intervention  of  the  inter- 
posed convolutions  of  india  rubber  ;  but  when  intended 
for  application  as  bearing  springs  for  railway  and 
other  carriages,  its  combination  with  an  elastic  sub- 
stance, such  as  india  rubber  is  found  preferable.  When 
india  rubber  is  combined  with  the  metal  coils,  the 
channelling  or  flutings  in  the  spirals  tend  to  confine  the 
india  rubber  coils  in  their  places.  Springs  of  the 
description  above  have  been  in  use  as  bearing  springs  on  a  locomotive 
cngino  on  the  Dublin  and  Meath  Railway  since  August  last,  and  are 
found  to  answer  admirably  in  every  respect,  and  are  at  the  present 
time  as  perfect  as  when  first  applied.  They  are  also  being  successfully 
employed  as  draw  springs  on  the  North  London  Railway,  in  lieu  of 
the  ordinary  volute  springs. 


THE  LONDON  ASSOCIATION  OF  FOREMEN  ENGINEERS. 

Co-operation  and  association  for  mutual  improvement  and  mutual 
help  on  the  part  of  every  grade  of  those  who  are  commonly,  but  not  in 
very  clear  language,  called  the  working  classes — where  such  association 
is  based  on  true  and  just  principles — is  so  important,  so  productive  of 
advantage,  not  only  to  those  directly  engaged,  but  to  the  whole  com- 
munity, that  we  do  not  hesitate  to  give  more  than  usual  space  to  the 
report  of  the  twelfth  anniversary  of  the  highly  prosperous  and  promising 
Association  whose  title  we  print  above. 

From  the  preface  to  the  book  of  printed  rules  of  the  Association  wc 
extract  the  following  brief  notice  of  its  history:— 


"  The  want  of  co-operation  among  Foremen  of  the  Engineering  Trade 
had  long  and  deeply  been  deplored.  There  had  existed  between  them 
no  public  and  recognized  channel  of  communication,  and  as  a  body 
they  were  unable  to  consult  for  their  general  interest,  intellectual  ad- 
vancement, or  individual  advantage.  Personally  strangers,  in  most 
instances,  they  did  not  possess  the  power  of  recommending  each  other 
for  vacant  situations,  nor  was  there  any  such  thing 
as  a  fund  from  which  those  who  happened  to  be 
unemployed  could  claim  pecuniary  aid.  In  short, 
until  the  foundation  in  1852,  of  the  London  Asso- 
ciation of  Foremen  of  the  Engineering  Trade, 
Foremen  Engineers  were  completely  isolated  from 
each  other.  Similarity  of  position,  circumstances, 
and  feeling,  naturally  excited  mutual  sympathy 
and  kindness;  but  no  tangible  bond  of  fellowship 
existed,  through  the  medium  of  which  that  sym- 
pathy could  be  made  practically  valuable,  and  no 
machinery  had  been  invented  for  governing  and 
directing  the  kindness  to  useful  purpose. 

"  Out  of  this  want  grew  the  Association  of 
Foremen  of  the  Engineering  Trade,  and  it  is 
hoped,  that  its  rules  go  far  to  obviate  the  various 
evils  and  inconveniences  alluded  to.  Friendly 
intercourse,  intellectual  cultivation,  and  physical 
good,  are  the  bases  upon  which  the  rides  are 
founded.  Such,  therefore,  as  are  eligible  for 
membership,  are  invited  to  examine  them,  and  to 
unite  for  common  welfare  in  the  ranks  of  the 
society. 

"A  Library  is  in  course  of  formation,  and  this, 
consisting  principally  of  mechanical  works,  forms 
one  of  the  extra  attractions.  The  monthly  meetings  partake  of  the 
character  of  scientific  assemblages  among  more  important  associa- 
tions— papers  being  read,  and  discussions  following  them.  These 
latter  partake  more,  as  might  be  expected,  of  the  practical  than  the 
theoretical,  and  they  form  media  for  the  exchange  of  advice  and  know- 
ledge gained  by  experience  and  experiment.  To  these,  and  indeed  to 
all  meetings,  Engineering  Employers  are  admissible,  whether  members 
or  not. 

"  The  Association  of  Foremen  Engineers  does  not  discuss  on  any 
occasion  the  politics  of  the  trade.  It  has  no  secrets,  but  rather  courts 
complete  publicity.  It  numbers  amongst  its  members  the  editors  of 
several  scientific  publications,  and  its  objects  are  purely  and  solely 
those  of  mutual  help  and  instruction.  It  essays  to  assist  its  members 
in  their  fairly,  creditably,  and  peacefully  filling  the  important  posts 
confided  to  them,  endeavouring  to  relieve  them  when  under  the  pressure 
of  incidental  difficulties,  and  to  afford  timely  assistance  to  their  sorrowing 
relatives,  when  death  comes,  and  makes  their  homes  desolate." 

Anniversary  Dinner  of  the  London  Association  of  Foremen  En- 
gineers.— The  twelfth  anniversary  of  the  formation  of  the  above-named 
Society  was  celebrated  by  a  dinner  at  the  Bridge  House  Hotel,  London 
Bridge,  on  the  evening  of  Saturday  the  18th  February,  1865.  John 
Penn,  Esq.,  C.E.,  F.R.S.,  presided  on  the  occasion,  and  among  those 
who  attended  as  guests  were  Henry  Maudslay,  Esq. ;  John  R.  Raven- 
hill,  Esq. ;  E.  J.  Reed,  Esq.  (Chief  Constructor  of  the  Navy) ;  Robert 
Mallet,  Esq.,  C.E. ;  BennetWoodcroft,  Esq.;  E.  Humphreys,  Esq. ;  Capt. 
M'Gregor;  Commander  Reed,  R.N. ;  Captain  Routh,  R.N. ;  John 
Anderson,  Esq.  (of  Woolwich  Arsenal) ;  W.  Smith,  Esq.,  C.E. ;  Mr. 
Bazalgette ;  John  Dinnen,  Esq.  (Inspector  of  Steam  Machinery  Afloat) ; 
William  Naylor,  Esq.,  C.E.  (Inspector  of  Machinery  for  the  Great  East 
Indian  Peninsular  Railway),  who  officiated  as  vice-chairman ;  James 
Robertson,  Esq. ;  W.  H.  Graveley,  Esq. ;  William  Todd,  Esq. ;  Charles 
Curzon  Tompson,Esq.,  and  many  other  gentlemen  of  scientific  note.  Mr. 
Joseph  Newton,  of  the  Royal  Mint,  President  of  the  Association,  was 
also  present,  and  supported  the  respected  Chairman,  and  the  Rev.  Daniel 
Greatorex  officiated  as  Chaplain.  After  the  loyal  toasts  customary  on 
such  occasions  had  been  duly  honoured,  the  Chairman  proposed  that  of 
"  The  Army,  Navy,  and  Volunteers,"  coupling  with  it  the  names  of  Mr. 
Reed,  of  the  Admiralty,  and  Colonel  Anderson,  of  the  Volunteers.  It 
is  needless  to  say  that  the  toast  was  well  received.  Mr.  Reed  said  that 
he  felt  himself  somewhat  awkwardly  placed  in  having  to  respond  for 
the  Navy,  inasmuch  as  he  was  really  a  civil  servant ;  but  in  addition  to 
this  he  had,  in  the  absence  of  any  military  gentleman,  to  reply  also  for 
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the  Army.  He  could  not  help  thinking,  nevertheless,  that  his  nomi- 
nation for  the  present  duty  was  an  indication  of  the  ideas  of  the 
Foremen  Engineers  as  to  the  future  of  the  British  Navy.  They 
evidently  thought  that  the  art  of  warfare  was  becoming  more  and  more 
a  question  of  engineering  skill  and  of  naval  architecture.  That  feeling 
was  to  a  great  extent  justifiable,  from  the  fact  that  naval  gentlemen 
themselves  now  proposed  resorting  to  engineers  for  advice  and  assis- 
tance for  purposes  of  naval  attack  and  defence.  In  that  place,  at 
all  events,  it  was  not  unreasonable  to  put  forward  such  ideas,  for  he 
(Mr.  Reed)  found  himself  literally  surrounded  by  gentlemen  who  sup- 
plied the  two  most  important  things  which  were  required  in  the  con- 
struction of  ships  of  war,  namely,  good  iron  armour-plates  and  good 
steam  engines.  Officers  of  the  Navy  said  that  one  essential  for 
future  warfare  was  great  speed,  and  to  obtain  this  they  must  apply  to 
marine  engineers.  Such  gentlemen  as  those  near  him,  Mr.  Penn,  Mr. 
Maudslay,  Mr.  Humphrys,  and  Mr.  Ravenhill,  for  example,  were  pro- 
ducing works  which  met  naval  requirements  completely,  and  which  were 
not  only  marvels  of  workmanship,  but  such  monuments  of  advanced 
engineering  skill,  as  nine  or  ten  years  ago  were  undreamt  of.  Owing 
to  their  exertions  and  those  of  others  like  them,  and  to  the  intelligence 
of  their  foremen  and  workmen,  economy  of  fuel  in  marine  steam  engines 
was  being  effected  to  a  wondrous  extent,  a  condition  which  was  full  of 
important  issues  as  regarded  naval  warfare.  Before  concluding,  he  felt  it 
incumbent  upon  himself  to  say  that,  however  much  they  might  look  to 
shipbuilding  and  marine  engineering  as  their  safeguard  from  hostile 
fleets,  they  would  have  to  depend  for  ultimate  results  upon  the  gallantry 
and  the  valour  of  their  seamen.  Whatever  the  appliances  and  devices 
which  engineers  offer  to  seamen,  the  issue  would  depend,  under  Provi- 
dence, upon  the  skill  and  boldness  in  which  they  were  used  in  action. 

Colonel  Anderson  followed  on  the  part  of  the  Volunteers. 

The  Chairman  next  called  upon  the  Secretary  of  the  Association 
(Mr.  D.  Walker)  to  read  his  Annual  Report.  In  compliance  with  this 
request  that  gentleman  rose,  and,  after  entering  into  a  history  of  the 
society's  proceedings  during  the  past  twelve  months,  which  demonstrated 
the  activity  of  its  members,  and  the  satisfactory  progress  of  the  institu- 
tion generally,  went  on  to  say  that  the  total  amount  invested  on  its 
account  in  the  Funds  was  £421  6s.  6d.,  apart  from  the  Superannuation 
Fund  which  had  been  commenced  last  year  by  Mr.  Orissell.  During 
the  year  1864  eleven  honorary  and  eleven  ordinary  members  had  been 
elected.  The  library  had  been  materially  increased  by  donations  of 
books,  as  well  as  by  their  purchase ;  and  chief  among  the  former  was 
a  complete  set  of  volumes  of  the  Building  News,  sent  by  Mr.  Passmore 
Edwards,  who  on  a  former  occasion  had  given  the  society  60  volumes 
of  the  Mechanic's  Magazine.  Captain  M'Gregor  had  also  presented 
them  with  a  selection  of  books  to  the  value  of  £5.  Papers  had  been 
read  on  scientific  and  practical  mechanical  subjects  by  Messrs.  Oubridge, 
Stanley,  Walker,  Briggs,  Naylor,  and  Hayes,  and  these  had  been  fol- 
lowed by  discussion.  In  concluding  his  report,  for  which,  unfortunately, 
we  cannot  find  space  in  extenso,  the  Secretary  said  that,  drawn  as  the 
members  of  the  association  were  from  various  districts,  and  from  all 
branches  of  the  engineering  trade,  they  hoped  that  the  interchange  of 
ideas  at  their  monthly  meetings  tended,  "  as  iron  sharpeneth  iron,"  to 
foster  and  encourage  talent,  and  to  engender  that  readiness  of  resource 
and  superiority  of  skill  which  the  London  workman  must  possess  if 
he  meant  to  maintain  his  position  in  the  world's  market,  and  to 
withstand  competition  with  those  places  where  labour  is  cheaper  aud 
materials  closer  at  hand.  Mr.  Walker  further  stated  that  the  £500 
Superannuation  Fund,  proposed  at  the  last  anniversary  dinner  of  the 
Association  by  Henry  Grissell,  Esq.,  had  been  subscribed  to  by  the 
following  gentlemen: — Henry  Grissell,  Esq.,  £50  ;  Telford  Field,  Esq., 
£50;  Henry  Maudslay,  Esq.,  £50;  Messrs  Blackett  and  W.  Smith, 
C.E.,  £50;  John  Penn,  Esq  ,  £50;  and  W.  H.  Graveley,  Esq.,  £25. 

The  Chairman  said, — "  Gentlemen,  You  have  just  heard  the  report 
explanatory  of  the  great  success  of  this  very  important  society.  It  is 
gratifying  to  me,  as  I  am  sure  it  must  be  to  the  whole  of  you,  to  see  that 
it  has  advanced  with  such  rapid  strides.  It  is  a  very  great  source  of 
gratification  and  pride  to  me  to  preside  on  such  an  occasion  as  the  pre- 
sent. I  wish  I  could  express  my  feelings  more  eloquently — but 
eloquence  is  a  power  I  do  not  possess.  I  am  not  a  speaker,  but  I  will 
endeavour  to  make  myself  intelligible  in  few  words.  It  is  quite  clear 
that  this  institution  is  nourishing,  and  there  is  one  feature  connected 
with  it  that  ought  not  to  escape  notice  and  commendation — I  refer  to 
the  monthly  meetings  of  its  members.     At  these  scientific  and  practical 
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questions  are  discussed,  and  the  results  must  unquestionably  be  bene- 
ficial to  men  and  masters.  From  my  own  experience  throughout  my 
life,  I  must  be  permitted  to  say  that  I  have  derived  nothing  but  satis- 
faction in  my  dealings  with  foremen  engineers,  who  are  the  right  hands 
of  their  employers ;  and  the  success  of  any  engineering  establish- 
ment depends  largely  upon  their  skill  and  experience.  The  rules  of 
this  society  demonstrate  that  it  is  based  upon  sound  aud  straightforward 
principles."  Mr.  Penn  concluded  his  remarks,  in  the  course  of  which 
he  was  loudly  cheered,  by  proposing  as  a  toast,  "Prosperity  to  the 
London  Association  of  Foremen  Engineers,  coupled  with  the  name  of 
its  president,  Mr.  Joseph  Newton." 

Mr.  Newton  responded,  and  in  doing  60  said,  that  although  their 
excellent  chairman  had  disclaimed  the  possession  of  the  eloquence  of 
words,  there  was  no  doubt  of  his  having  proved  himself  highly  eloquent 
in  a  far  higher  sense.  His  acts  were  full  of  eloquence,  and  his  presence 
in  that  room  and  in  that  chair  proved  his  anxiety  to  support  the  associ- 
ation. Mr.  Newton  went  at  some  length  into  the  merits  of  the  society, 
and  clearly  showed  that  it  was  desirable  in  many  ways  for  employers  to 
encourage  it.  He  felt  thankful  that  he  had  lived  to  see  the  great 
success  of  the  society,  as  evidenced  that  evening  by  the  assemblage 
around  their  table  of  so  many  eminent  gentlemen  of  the  engineering 
profession.  He  believed  that  although  their  institution  had  progressed 
wonderfully  during  the  last  six  or  seven  years,  it  would  progress  still 
more  in  the  future,  and  that  it  was  destined  eventually  to  extend  its 
influence,  and  to  embrace  members  in  all  parts  of  the  world.  Mr. 
Newton  finally  proposed  "  Success  to  our  Employers  and  to  the 
Engineering  trade,"  and  mentioned  with  the  toast  the  name  of  Henry 
Maudslay,  Esq.      (Prolonged  cheering.) 

Mr.  Maudslay  said  that  the  kind  reception  of  the  last  toast  was  most 
gratifying,  and  that  this  meeting  proved  that  the  interests  of  masters  and 
foremen  were  understood  to  be  mutual  and  combined,  out  of  the  manu- 
factory, as  well  as  in  it.  There  were  seasons  when  employers  required 
the  assistance  of  their  foremen  out  of  doors,  and  he  hoped  that  the  former 
would  never  forget  that  their  assistants  were  faithful  and  deserved  sup- 
port. He  was  proud  to  see  around  him  so  many  men  whom  he  could 
look  upon  with  happiness,  and  for  whom  he  entertained  feelings  of 
esteem  and  respect — men  some  of  whom  had  raised  themselves  from 
the  ranks  of  working  men  to  the  positions  of  employers,  and  who  had 
not  been  born  with  silver  spoons  in  their  mouths.  He  was  aware  too 
that  the  duties  of  employers  to  those  who  served  them,  did  not  cease 
when  the  bell  rang  and  the  factory  closed.  It  was  the  mission  of  the 
employers  to  assist  them  in  health,  and  to  minister  to  them  in  sickness. 

Mr.  Naylor,  vice-chairman,  gave  "  The  guests  of  the  evening,"  in  a 
few  facetious  and  happily  chosen  words,  to  which  Captain  M'Gregor 
responded.  The  "  Scientific  and  General  Press"  followed,  and  Mr. 
W.  Smith,  Mr.  Nursey,  and  Mr.  Bradley  returned  thanks.  For 
"The  Honorary  Members,"  Mr.  James  Robertson  replied,  and  in  doing 
so  attributed  much  of  the  success  of  the  Institution  of  Foremen  Engineers 
to  the  labours  of  its  president. 

The  latter  gentleman  in  proposing  the  "  Health  of  the  Donors  to  the 
Benevolent  Fund,"  announced  the  gratifying  fact  that  since  they  had 
met  in  that  room  three  other  donations  had  been  made  to  that  fund. 
The  first  was  from  Mr.  John  Ravenhill,  to  the  amount  of  £50;  the 
second  from  Mr.  Bayley  (of  Messrs.  John  Brown  &  Co.'s  works,  Shef- 
field) for  £50;  and  the  third  from  Mr.  George  England  for  50  guineas; 
this  made  a  total  of  £425.  At  this  announcement  Mr.  Humphrys 
interposed,  with  a  request  that  his  name  might  be  added  to  the  list  for 
£75,  which  completed  the  £500,  suggested  as  a  minimum  sum,  for  the 
purpose  of  effecting  the  superannuation  of  aged  and  necessitous  foremen. 
It  is  needless  to  say  that  Mr.  Humphrys'  offer  was  enthusiastically 
applauded.  Subsequently  Mr.  Robertson  promised  £25,  with  £25 
from  the  Bowling  Iron  Company  to  the  same  fund,  and  his  example 
was  followed  by  Messrs  Bowens,  of  Clerkenwell,  who  promised  £25, 
and  Mr.  Jabez  James,  who  contributed  £5. 

Other  toasts  followed,  Messrs.  Ravenhill,  Humphrys,  Oubridge, 
Sanson,  and  Haughton  officiating,  and  at  11.30  p.m  the  company  dis- 
persed. The  great  room  of  the  hotel  was  quite  full,  the  members  and 
visitors  numbering  in  all  two  hundred  and  fifty  persous.  We  may  add 
for  the  information  of  those  not  resident  in  London,  that  the  Secre- 
tary of  the  Association  is  Mr  David  Walker  (of  Messrs.  Maudslay, 
Sons,  &  Field),  whose  private  address  is,  14  Canterbury  Place, 
Lambeth  Road,  London,  S. 
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RECENT      PATENTS, 


IMPROVEMENTS   IN   TABLES. 

William  Halse,  London. — Patent  dated  May  30,  1864. 

This  invention  relates  to  that  class  of  tables  known  generally  as  loo 
tables,  or  to  tables  wherein  the  top  is  made  to  turn  upon  pins  or 
thumb  screws  inserted  into  the  "clamps,"  or  main  framing  of  the  table 
top,  and  into  the  "  upper  block,"  and  consists  of  a  novel  form  and 
arrangement  of  the  screws  and  nuts.  According  to  my  invention,  the 
screws,  which  may  be  made  much  shorter  than  heretofore,  have  a  plain 
and  unscrewed  portion  on  the  inner  ends  thereof,  which  plain  portion 
enters  a  metal  socket  screwed  into  the  two  opposite  sides  of  the  "upper 
block,"  or  top  of  the  pillar  of  the  table.  The  nuts  through  which 
the  screws  are  inserted,  are  fixed  inside  the  "  clamps"  opposite  to  the 
metal  sockets  above  referred  to.  When  removing  the  table  top,  it  is 
simply  requisite  to  unscrew  the  two  screws,  until  their  plain  ends  are 
withdrawn  from  the  sockets,  when  the  top  is  free  to  be  lifted  off,  the 
screws  remaining  in  the  nuts  in  the  "  clamps."  By  this  arrangement 
a  much  better  action  is  obtained,  as  the  table  top  turns  upon  smooth 
pins  in  place  of  upon  threaded  screws  as  heretofore;  the  insertion  of  the 
pins  or  pivots  is  greatly  facilitated,  as  they  always  remain  in  their  places 
in  the  nuts,  and  the  wrenching  action  of  the  screws  which  heretofore 
tended,  when  tightened  up,  to  tear  out  the  nuts  from  the  "upper  block" 
in  which  they  were  fixed,  is  entirely  obviated.  It  is  obvious  that  this 
invention  may  be  adapted  to  existing  tables,  as  well  as  to  tables  in 
process  of  manufacture.  In  some  cases  the  metal  nuts  in  the  "clamps" 
may  be  dispensed  with,  and  the  screws  may  be  tapped  into  the  wood  of 
the  "clamps,"  the  thread  of  the  sciews  extending  as  before  along  a 
portion  only  of  the  length  of  the  screws,  leaving  the  inner  ends  plain, 
but  in  all  cases  it  is  essential  that  the  inner  ends  of  the  screws  shall 
turn  freely  in  the  "upper  block,"  in  place  of  being  tapped  therein. 

The  engraving  represents  a  sectional  plan  of  a  portion  of  the  "  clamp  " 
and  "upper  block"  of  a  loo  table,  or  other  table  of  that  class,  showing  the 

mode  of  hinging  or  attaching  the 
table  top  to  the  support  or  pillar. 
A   represents   one    of   the   two 
"clamps"  of  a  tabletop,  and  b 
represents  a  portion  of  one  side 
of  the   "upper   block"  on  the 
main    pillar   or   support.     Into 
the   inner  side   of  each  of  the 
"  clamps,"  A,  there  is  inserted, 
so  as  to  be  flush  with  the  sur- 
face thereof,  a  metal  nut,  c,  pro- 
vided with  a  flange  or  plate,  D,  by 
which  it  is  secured  to  the  wood- 
work of  the  "clamp"  by  ordinary 
wood  screws,  E  E,  or  otherwise 
Coinciding  with   these  nuts,  c, 
there  is  fixed  to  the  two  opposite  sides  of  the  "  upper  block,"  E,  a  metal 
socket-piece,  F,  such  socket-piece  being  let  in  flush  with  the  surface  of 
the  wood  as  shown,  and  secured  in  its  place  by  ordinary  wood 
screws,  G  G,  or  otherwise.     H  represents  one  of  the  two  thumb- 
screws ;  their  inner  ends,  a,  are  made  for  a  short  distance  of  smaller 
diameter  than  the  main  stem  of  the  screw,  and  have  no  screw  thread 
formed  upon  them  at  this  part.    When  once  the  screws,  H,  are  in- 
serted into  their  respective  nuts  in  the  "clamps"  they  need  never 
be  entirely  withdrawn,  it  being  simply  requisite  when  removing  the 
table  top  to  unscrew  the  screws  sufficiently  to  withdraw  their 
plain  ends,  a,  from  the  metal  sockets,  F,  in  the  "  upper  block." 
These  sockets,  f,  and  plain  portions,  a,  of  the  screws  when  adjusted, 
form  the  working  parts  upon  which  the  table  top  hinges  or  pivots. 
By  making  the  ends  of  the  parts,  a,  of  the  screws  conical,  and 
bevelling  the  edges  of  the  holes  in  the  sockets.  F,  as  shown,  the 
screws  when  screwed  inwards  will  find  their  own  way  into  the 
sockets,  without  the  necessity  for  any  nice  adjustment  of  the  table 
top  before  commencing  to  tighten  them  up.     If  desired,  a  slight  taper 
may  be  given  to  the  whole  of  the  part,  a,  of  the  screws,  and  a  corre- 
sponding taper  made  in  the  sockets,  F,  so  that  by  tightening  up  the 
screws,  the  parts,  a,  may  be  made  to  fit  without  the  least  play  or  shaking 
in  the  metal  .socket  pieces,  keeping  the  table  top  perfectly  firm  and  steady. 


IMPROVEMENTS   IN   THRASHING   MACHINES. 

William  Tasker,  Andovcr. — Patent  dated  May  21,  1864. 

This  invention  relates  to  the  elevating  and  delivering  of  the  chaff  into 
bags  or  other  suitable  contrivances  placed  to  receive  it,  after  it  has  been 
separated  from  the  corn  in  the  ordinary  manner,  and  consists,  according 
to  one  modification,  in  the  application  and  use  of  an  adjustable  blast,  or 
blasts,  or  a  combination  of  blasts  of  air,  produced  by  and  received  from 
the  same  fan  that  creates  the  blast  for  the  separation  of  the  chaff  from 
the  corn  in  the  usual  way ;  and  in  the  disposal  of  such  blast,  or  blasts, 
or  combination  of  blasts  of  air,  in  the  manner  hereinafter  described,  for 
the  elevating  or  delivering  of  the  chaff  into  bags  or  receptacles,  as 
required,  without  the  aid  of  the  fingers,  cup  elevators,  or  projections 
attached  to  revolving  endless  bands,  as  hitherto  employed. 

At  the  outer  extremity  of  the  case  in  which  the  ordinary  fan  revolves, 
and  at  the  bottom  thereof,  and  by  preference  immediately  under  the 
mouth  that  delivers  the  primary  blast  into  the  heaver  or  riddles  of  the 
winnowing  machine,  a  distinct  opening  or  mouth  is  formed,  in  which 
mouth  or  opening  an  adjustable  valve  or  shutter  is  fitted. 

After  the  chaff  is  divided  from  the  corn,  and  is  leaving  the  heaver  or 
winnowing  machine,  it  is  collected  into  a  shoot  or  spout  attached  to  the 
heaver,  and  blown  by  the  same  blast,  or  part  of  it,  that  effected  the 
separation,  through  such  shoot  or  spout — this  shoot  or  spout  being  of 
such  a  shape  as  to  conduct  the  chaff  to  the  side  of  the  machine  into  a 
box,  and  the  underside  or  bottom  of  it  by  preference  declines  from  the 
point  of  junction  with  the  heaver  to  its  termination  at  the  side  of  the 
machine ;  and  the  front  is  perforated,  through  which  a  portion  of  the 
blast  or  wind  escapes  that  had  been  used  in  separating  the  corn  from 
the  chaff. 

On  the  underside  of  the  heaver  a  box  or  case  is  formed,  having  a 
mouth  at  one  end  opposite  the  small  opening  in  the  fan  case,  and  receives 
through  it  a  blast  from  the  fan.  This  box  or  case  is  continued  under 
the  heaver,  and  by  preference  round  in  the  same  direction  under  the 
first-named  shoot  or  spout,  terminating  in  the  same  box. 

Prom  the  underside  of  the  upper  spout  to  the  lower  spout,  there  is  a 
space  which  allows  the  chaff  to  partially  fall ;  and  the  current  of  air  or 
blast  from  the  under  spout  now  comes  in  contact  with  it,  and  being 
of  a  greater  velocity  than  that  from  the  upper  spout  (which  is  partially 
exhausted)  imparts  a  fresh  impetus  to  the  chaff,  and  the  blasts  combined 
elevate  it  through  a  vertical  case  fixed  to  the  side  of  the  machine,  and 
provided  with  a  suitable-shaped  head  with  perforated  sides  and  top  for 
the  blast  to  escape  through,  whilst  the  chaff  falls  into  the  bag  attached 
to  receive  it.  Or,  according  to  another  modification,  in  lieu  of  the  box 
or  case  hereinbefore  referred  to  underneath  the  heaver,  through  which 
a  second  blast  of  air  passed  from  a  special  opening  in  the  fan-casing,  it  is 
proposed  in  some  cases  to  place  a  small  exhaust-fan  on  the  top  of  the 
vertical  case  fixed  to  the  side  of  the  machine,  and  to  draw  the  chaff 
upwards  instead  of  blowing  it  up. 

Fig.  1  of  the  engravings  represents  a  longitudinal  vertical  section  of  a 
portion  of  a  combined  thrashing  machine  to  which  these  improvements 
are  applied.  Fig.  2  is  a  corresponding  transverse  vertical  section  of 
the  same  taken  along  the  line  1-2  in  fig.  1.     A  is  the  ordinary  fan 
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blower  for  separating  the  chaff  from  the  com,  which  it  does  in  the  usual 
manner  by  means  of  a  blast  which  is  supplied  through  the  mouth  or 
opening,  B,  into  the  heaver  or  riddles,  C,  of  the  winnowing  apparatus. 
In  addition,  however,  to  the  mouth  or  opening,  B,  there  is  provided  a 
supplementary  but  smaller  mouth  or  opening,  d,  also  communicating 
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with  the  fan-blower,  and  which  is  situated  by  preference  immediately 
under  the  mouth,  B,  of  the  primary  blast,  and  is  furnished  with  an 
adjustable  valve  or  regulating  shutter,  E,  for  controlling  the  second 
blast.  The  mouth  or  opening,  D,  of  the  secondary  blast  is  situated 
immediately  opposite  to  the  open  mouth  of  a  box  or  case,  F,  which  is 

Fig.  2. 


continued  under  the  heaver,  as  shown  in  the  drawings,  and  consequently 
receives  the  secondary  blast.  The  first  or  main  blast  from  the  mouth, 
3,  after  having  separated  the  chaff  from  the  corn,  passes  onwards  in  the 
direction  of  the  arrow  towards  the  front  end  of  the  heaver,  carrying  the 
chaff  along  with  it  into  a  transverse  shoot  or  spout,  G,  which  forms  a 
part  of  the  heaver,  and  which  is  inclined  towards  the  side  of 
the  machine,  where  it  opens  into  a  receiver,  H.  A  portion 
of  this  blast  escapes  through  the  perforated  or  wire-gauze 
end,  I,  of  the  heaver  (shown  in  fig.  1),  whilst  the  remainder 
enters  the  receiver,  n,  through  the  opening  for  that  purpose 
in  the  side  of  the  heaver,  and  carries  the  chaff  along  with  it. 
The  box  or  case,  f,  hereinbefore  referred  to,  underneath  the 
heaver  is  continued  also  underneath  the  transverse  shoot  or 
spout.  G,  and  opens  at  K,  into  the  bottom  of  the  receiver,  H, 
immediately  underneath  the  delivery  end  of  the  shoot  or 
spout,  G,  as  shown  clearly  in  fig.  2.  As  the  chaff  enters  the 
receiver,  H,  from  the  spout,  G,  it  partially  falls  or  descends 
towards  the  bottom  of  the  receiver,  the  primary  blast  being 
weakened  by  the  escape  of  a  considerable  portion  of  it 
through  the  wire-gauze,  I;  but  the  chad'  in  the  act  of  fall- 
ing is  caught  up  by  the  full  force  of  the  secondary  blast, 
which  enters  the  bottom  of  the  receiver  at  K;  and  by  the 
combined  action  of  these  two  blasts  of  air  the  chaff  is 
blown  up  the  vertical  spout,  l,  fixed  over  the  receiver,  h, 
at  the  side  of  the  machine,  and  into  the  perforated  head,  31,  formed  or 
fitted  on  to  the  top  of  the  vertical  spout,  L,  whereby  the  air  is  allowed 
to  escape  (as  shown  by  the  arrows),  whilst  the  chaff  descends  into  a 
sack,  basket,  or  other  receptacle,  the  mouth  of  which  may  be  hooked  on 
to  the  mouth  of  the  perforated  head,  M,  or  placed  under  it,  for  that 
purpose.  It  will  thus  be  seen  that  the  chaff  is  elevated  by  a  portion  of 
the  same  blast  of  air  which  is  employed  for  separating  it  from  the  corn, 
in  conjunction  with  a  secondary  blast  derived  from  the  same  fan,  the  use 
of  mechanical  elevators  of  all  kinds  being  entirely  dispensed  with. 


IMPROVEMENTS    IN    ELECTRICAL    COMMUNICATORS. 

Louis  F.  Clement  Buequet,  Paris.— Patent  dated  June  22,  1864. 

This  invention  relates  to  certain  peculiar  constructions  and  arrangements 
of  electrical  communicators,  intended  to  be  used  for  sounding  bells,  or 
working  indicators,  for  domestic  and  other  purposes,  and  consists, 
according  to  one  arrangement  of  apparatus,  in  the  employment  of  a 
small  box  or  case,  provided  with  a  button  for  making  and  breaking  an 
electric  circuit.  Inside  this  casing,  and  behind  a  face  or  dial-plate 
fitted  thereon,  are  secured  two  metal  springs,  one  of  which  is  in  contact 
with  the  button  at  one  end,  and  at  the  other  end  is  connected  by  wire 


with  the  battery.  The  second  spring  is  connected  with  one  end  of  the 
coil  of  an  electro-magnet,  the  opposite  end  of  the  coil  being  connected 
with  a  wire  which  communicates  with  any  suitable  electric  bell.  The 
second  spring  is  disconnected  from  the  first  spring,  excepting  when  the 
button  is  depressed,  at  which  time  the  two  springs  are  brought  into 
contact  with  each  other,  and  a  current  then  passes  from  the  battery 
through  the  two  springs  and  electro-magnet,  and  thence  through  the 
wire  connected  with  the  bell,  which  is  consequently  caused  to  ring. 
The  electro-magnet  being  excited,  causes  a  needle  in  front  of  the  dial 
to  deflect,  showing  that  the  bell,  which  may  be  some  distance  off,  is 
ringing.  This  deflection  of  the  needle  establishes  a  second  circuit, 
which  is  maintained  after  the  first  circuit  has  been  broken  by  the 
release  ef  the  button.  This  second  circuit  is  formed  when  a  pin,  or 
stop,  placed  on  the  axis  of  the  needle  is  brought  into  contact  with 
the  end  of  a  fine  spring,  which  is  attached  to  the  first  of  the  two 
larger  springs  before  referred  to.  The  current  now  passes  through 
the  axis  of  the  needle,  and  by  a  conducting  wire  to  the  second  of 
the  larger  springs  before  mentioned,  and  thence  through  the  magnet 
to  the  bell,  as  before  described.  The  object  of  this  second  circuit  is 
to  maintain  the  current  unbroken,  and  cause  the  bell  to  continue 
ringing  after  the  button  is  released,  and  until  the  attendant  at  the  bell 
breaks  contact. 

According  to  another  arrangement  of  electric  communicator,  in- 
tended for  establishing  an  electric  communication  with  several 
bells  or  indicators,  it  is  proposed  to  employ  as  many  insulated 
conducting  wires  as  there  are  bells  or  indicators  to  be  operated 
upon.  These  wires  terminate  in  a  small  box  or  hollow  handle, 
suspended  from  a  cord  or  otherwise,  and  provided  with  as  many  depres- 
sible  buttons  as  there  are  wires.  Each  button  communicates  with  a 
blade-spring,  to  which  its  corresponding  wire  is  attached.  A  metal  ring 
is  fitted  inside  the  box  or  hollow  handle,  so  as  to  be  surrounded  by  the 
several  buttons,  and  it  is  in  direct  communication  with  the  battery, 
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but  out  of  contact  with  the  buttons,  excepting  when  any  of  such 
buttons  are  depressed,  in  which  case  an  electric  current  immediately 
passes  through  the  ring  and  through  the  conducting  wire  or  wires  in 
connection  with  the  depressed  button  or  buttons,  and  w'^quently 
rings  the  corresponding  bells,  or  deflects  the  needles  of  i  i  locators, 
as  the  case  may  be. 

Fig.  1  of  the  annexed  engravings  represents  a  front  eluv.  ..a  of  the 
first  arrangement  of  electric  communicator  before  referred  to.  Fig.  2 
is  a  transverse  vertical  sectional  elevation  of  the  apparatus,  the  dial 
and  needle  being  removed  to  show  the  interior  thereof.  A  is  a  box  or 
casing  of  wood,  hard  India  rubber,  or  other  suitable  material,  which  is 
intended  to  be  screwed  to  the  wall  or  other  convenient  part  of  an  apart- 
ment or  chamber.  The  front  of  this  box  is  covered  with  a  piece  of 
glass,  behind  which  there  is  a  dial,  B,  and  needle  or  indicator,  C. 
When  the  apparatus  is  not  in  action,  the  needle  remains  in  a  vertical 
position,  but  when  the  stud  or  button,  D,  on  the  top  of  the  box  is 
depressed,  au  electro-magnet,  E,  inside  the  box  becomes  excited,  and 
the  needle  is  consequently  caused  to  deflect,  and  point  to  the  word 
"ring"  on  the  dial,  thereby  indicating  that  the  bell,  which  may  be  at 
any  distance,  is  ringing,  such  ringing  being  continued  until  the  atten- 
dant at  the  bell  has  broken  the  electric  circuit,  whereupon  the  needle 
will  return  to  its  original  position  again,  showing  that  the  signal  has 
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been  attended  to.  To  accomplish  these  results,  two  curved  springs, 
f  and  G,  are  secured  to  the  hack  of  the  box,  their  free  ends  overlap- 
ping, but  not  touching  each  other.  The  end  of  the  spring,  r,  is 
immediately  under  the  stud,  D,  and  on  depressing  the  stud,  this  spring 
is  brought  in  contact  with  the  end  of  the  spring,  G.  A  wire,  H,  leading 
to  a  battery,  and  passing  through  a  hole  in  the  back  of  this  box,  is 
connected  to  the  spring,  f,  whilst  the  spring,  G,  is  connected  through 
the  wire,  I,  with  one  end  of  the  coil  of  the  electro-magnet,  E,  the  other 
end  of  such  coil  being  connected  by  the  wire,  K,  with  the  binding 
screw,  L,  to  which  the  wire,  M,  is  also  attached.  This  wire,  M,  leads 
to  the  signal  bell  or  other  indicator,  and  thence  passes  on  to  the  battery, 
thereby  completing  the  circuit.  So  long  as  the  springs,  f  and  G,  are 
out  of  contact  with  each  other,  this  circuit  Temains  broken ;  but  the 
depression  of  the  stud,  D,  by  making  contact,  establishes  the  circuit 
and  rings  the  bell,  at  the  same  time  causing  the  needle  to  deflect.  On 
the  axis  of  this  needle  there  is  a  pin,  N,  which  is  brought  in  contact, 
when  the  needle  is  deflected  only,  with  the  end  of  a  fine  spring,  o, 
attached  to  a  pillar  or  support,  P,  on  the  spring,  F.  One  of  the  pillars, 
G,  to  which  the  dial-plate  is  screwed,  is  connected  by  a  wire,  R,  to  the 
spring,  g.  The  effect  of  this  is,  that  the  stud,  d,  having  once  estab- 
lished a  circuit,  as  hereinbefore  described,  brings  into 
action  a  second  circuit,  which  is  maintained  after  the 
first  one  is  broken  by  the  release  of  the  stud.  The 
pin,  N,  on  the  needle  being  brought  in  contact  with 
the  spring,  o,  the  circuit  is  changed,  and  the  current 
then  passes  direct  from  the  spring,  F,  to  the  spring,  o, 
thence  through  the  pin,  N,  and  axis  of  the  needle  along 
the  metal  plate,  s,  at  the  back  of  the  dial,  and  thence 
by  the  pillar  or  support,  Q,  wire,  R,  and  spring,  G, 
through  the  electro-magnet,  e,  whence  it  passes 
as  before  to  the  wire,  m,  leading  to  the  bell  or 
indicator.  The  essential  feature  of  novelty  in  this  apparatus  is,  that 
the  operator  by  establishing  one  circuit,  brings  into  action  a  second 
circuit  over  which  he  has  no  control,  and  consequently  the  bell  will 
continue  to  ring  until  such  second  circuit  is  broken,  which  can  only  be 
done  by  the  person  whose  duty  it  is  to  attend  to  the  bell.  It  is  obvious 
that  two  magnets  may  be  used,  the  one  serving  to  repel,  and  the  other  to 
attract,  opposite  ends  of  the  needle  simultaneously  ;  but  it  will  generally 
be  found  that  a  single  magnet,  made  either  to  repel  or  attract  one  end  of 
the  needle,  will  be  sufficient.  Fig.  3  represents  an  external  elevation  of 
another  form  of  electric  communicator,  intended  to  establish  an  electric 

communication   with    any 
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bells  or  indicators,  at  plea- 
sure. Fig.  4  is  a  vertical 
section  of  the  same.  To 
the  end  of  the  cord  is  sus- 
pended a  hollow  box  or 
case,  b,  of  wood  or  other 
suitable  material,  which 
may  be  made  to  unscrew 
in  two  parts,  at  a  a.  Inside 
the  cord,  a,  are  inclosed 
as  many  insulated  wires, 
cc,  as  there  are  different 
bells  to  be  operated  upon  ; 
one  end  of  each  wire,  c, 
being  attached  to  a  metal 
spring,  D,  of  its  own,  fixed 
inside  the  case,  b,  whilst 
the  other  end  leads  to  a 
bell  or  indicator,  and  thence 
to  a  battery.  A  metal  ring, 
e,  is  fitted  inside  the  case, 
B,  which  ring  is  insulated 
from  the  springs,  D,  but  is  in  direct  communication  by  a  wire,  F,  with 
the  battery,  such  wire  forming  one  of  the  group  inside  the  cord,  A.  Round 
the  ease,  b,  are  disposed  a  number  of  depressible  studs  or  buttons,  G  g, 
each  of  which  bears  against  the  free  end  of  one  of  the  several  springs, 
D,  and  when  depressed  or  forced  inwards  by  the  thumb  or  finger,  brings 
the  corresponding  spring,  D,  in  contact  with  the  ring,  E,  and  so  estab- 
lishes a  circuit  through  the  particular  bell  in  communication  therewith, 
which  is  consequently  rung  so  long  as  the  button  is  kept  depressed. 


This  apparatus  is  more  particularly  adapted  for  use  in  the  room  of  the 
manager  or  superintendent  of  large  establishments,  as  it  affords  a  simple 
means  of  ready  communication  with  any  or  all  the  departments  under 
his  control.  Although  this  apparatus  is  shown  as  being  suspended  to 
a  cord,  it  is  obvious  that  it  may  be  otherwise  arranged,  so  as  to  form  a 
fixture  to  a  table  or  desk,  or  be  Becured  to  any  convenient  part  of  an 
office  or  other  apartment ;  in  which  case  the  cords  might  be  dispensed 
with,  and  the  conducting  wires  carried  along  the  floor  or  wall  in  any 
direction  required. 


IMPROVEMENTS   IN  STENCILLING  APPARATUS. 
Joseph  Sykes,  Muscatine,  Iowa,  U.S. — Patent  dated  June  1, 1864. 

This  invention  relates  to  an  apparatus  for  facilitating  the  use  of  stencil 
plates,  and  to  a  mode  of  shaping  stencil  plates  intended  to  be  used  with 
such  apparatus.  Hitherto  stencil  plates  have  been  used  separately,  and 
held  down  upon  the  surface  to  be  stencilled  by  the  fingers  of  the  opera- 
tor solely,  each  stencil  plate  being  used  separately,  whilst  the  spacing 

Fig.  1. 


out  for  a  word,  or  for  the  spaces  between  the  words,  has  been  guided 
entirely  by  the  eye  of  the  operator. 

According  to  this  invention  it  is  proposed  to  use  a  frame,  in  which 
the  separate  stencil  plates  to  form  a  word,  or  series  of  words,  numerals, 
or  figures,  are  set  up  or  arranged  primarily  in  their  proper  order,  before 
the  marking  ink  or  composition  is  applied.  This  frame  consists  of  two 
side-pieces  of  any  desired  length,  placed  parallel  to  each  other,  and 
connected  at  their  ends  by  cross  pieces,  the  distance  between  the  side- 
pieces  corresponding  to  the  length  or  height  of  the  stencil  plates,  which 
should  all  be  of  equal  dimensions.  On  the  inner  edge  of  each  of  the 
side-pieces  a  series  of  recesses  are  formed,  into  which  recesses  corre- 
sponding projections  made  on  the  top  and  bottom  of  each  stencil  plate 
are  made  to  fit  accurately,  thus  insuring  the  proper  spacing  of  the 
letters  or  figures.  On  the  underside  of  this  frame  a  thin  metal  plate  is 
screwed,  having  a  slot  or  opening  made  therein  sufficiently  large  to 
take  the  longest  word  or  series  of  figures  required,  and  upon  this  metal 
plate  rest  the  several  stencil  plates  when  "  set  up."  In  order  to  hold 
down  the  stencil  plates  when  "set  up,"  an  inner  movable  frame  is 
used,  which  fits  inside  the  outer  frame,  and  is  secured  in  its  place  by 
buttons  or  catches  attached  to  the  side  and  end  cross-pieces  of  the 
frame.  The  several  stencil  plates  are  of  such  a  width  that  one  plate 
will  always  overlap  slightly  the  preceding  one  when  "  set  up  "  in  the 
frame.  It  will  thus  be  seen  that  the  essential  feature 
of  the  invention  is,  the  setting  up  of  stencil  plates, 
somewhat  after  the  manner  of  movable  types,  in  a 
frame  or  holder,  in  lieu  of  using  each  plate  sepa- 
rately. 

Fig.  1  of  the  engravings  represents  a  plan  of  the 
upper  surface  of  the  frame  in  which  the  stencil 
plates  are  set  up,  a  few  of  such  plates  being  repre- 
sented as  set  up  in  their  place  in  the  frame.  Fig. 
2  is  a  detail  of  one  of  the  stencil  plates  prepared  for 
being  fitted  into  the  frame. 

A  is  the  main  frame  in  which  the  stencil  plates, 
b,  are  "  set  up  "  in  the  proper  order  required.  On 
the  two  inner  longitudinal  sides  of  this  frame  are 
formed  a  number  of  recesses  or  notches,  a  a,  into  which  are  made 
to  fit  accurately  the  corresponding  projecting  parts,  a'  a'  (fig.  2), 
formed  at  the  top  and  bottom  of  each  plate  in  the  box.  This  projec- 
tion may  be  made  by  notching  out  a  portion  at  each  angle  of  the  plate, 
or  by  slitting  merely  the  plate,  and  then  doubling  or  folding  back  the 
slit  portions,  as  shown  in  fig.  2.     All  the  plates  should  correspond  in 
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their  dimensions,  so  that  any  one  of  them  will  fit  into  the  notches  or 
recesses  of  the  frame,  A.  The  extreme  length  or  height  of  each  plate 
should  be  equal  to  the  distance  across  the  inside  of  the  frame,  A, 
measuring  from  the  insides  of  the  opposite  recesses;  and  the  width  of 
the  plates  should  be  sufficient  to  admit  of  one  plate  overlapping  slightly 
the  previously  inserted  plate  in  the  frame,  as  shown  in  fig.  1.  On  the 
underside  of  the  frame,  A,  there  is  screwed,  or  otherwise  attached,  a 
thin  brass  or  other  suitable  metal  plate,  c,  having  an  oblong  opening 
made  therein,  with  which  opening  the  letters  or  characters  which  are 
cut  out  in  the  stencil  plates  are  made  to  coincide,  when  such  plates  are 
properly  "  set  up  "  in  the  frame,  whilst  the  edges  of  the  plate  surround- 
ing the  oblong  opening  serve  to  support  the  stencil  plates  which  rest 
upon  them.  The  stencil  plates  having  been  "  set  up  "  in  the  frame,  A, 
they  are  retained  in  their  places  by  means  of  the  inner  or  movable 
frame,  d,  which  is  made  to  fit  easily  inside  the  frame,  A,  as  shown  in 
fig.  1,  where  a  portion  of  the  inner  frame,  D,  is  broken  away.  E  E  are 
buttons  or  catches  fitted  to  the  sides  and  ends  of  the  frame,  A,  and 
capable  of  being  turned  over  on  to  the  frame,  D,  thereby  holding  such 
frame  in  its  place,  the  stencil  plates,  B,  being  thus  held  securely  between 
the  metal  plate,  c,  and  the  underside  of  the  movable  frame,  D,  whilst 
the  recesses,  a,  keep  them  in  their  places  laterally.  If  desired,  double 
frames  may  be  made  by  having  a  longitudinal  centre,, strip,  recessed 
on  both  sides,  in  which  case  one  frame  may  be  made  to  contain  two  or 
more  lines  or  rows  of  plates.  This  stencilling  apparatus  will  be  found 
of  great  service  to  shippers,  manufacturers,  wholesale  dealers,  and 
others,  as  it  greatly  facilitates  and  expedites  the  branding  or  addressing 
of  bales  or  packages  of  merchandise,  more  particularly  in  cases  where 
several  packages  require  the  same  brand  or  address.  It  is  provided 
with  a  series  of  compartments,  r,  for  containing  the  several  stencil 
plates,  which  may  comprise  two  or  more  alphabets,  as  well  as  other 
characters  properly  assorted,  the  letters  in  each  compartment  being 
indicated  by  a  corresponding  letter  situate  iu  front  of  each  compartment. 
Blank  plates  are  provided  for  spacing  out  words,  and  for  filling  up  the 
frame,  A,  when  the  number  of  letters  or  characters  required  is  not 
sufficient  to  occupy  the  entire  length  of  the  frame.  The  frames,  of 
which  two  or  more  may  be  provided,  are  packed  inside  the  oblong 
cavity  of  box,  in  company  with  an  ink  holder,  brush,  and  one  or 
more  hair  pencils.  Two  or  more  letters  or  characters  may  be  cut  in 
some  of  the  plates  if  found  desirable ;  for  example,  the  names  of  counties 
may  be  cut  in  one  plate,  also  the  words  "  &  Co."  and  the  word  "  Son;" 
the  latter  will  be  found  useful  as  being  a  common  termination  of  sur- 
names, and  being  frequently  required  in  the  designation  of  firms.  If 
desired  two  or  more  different  sizes  of  letters  or  characters  may  be  cut  in 
plates  of  uniform  dimensions,  so  that  various-sized  letters  may  be  used  in 
the  same  frame  or  holder.  In  using  the  improved  stencilling  apparatus, 
care  must  be  taken  when  "  setting  up  "  the  separate  plates  in  the  frame, 
a,  that  each  plate  overlaps,  in  the  same  direction,  the  edge  of  the 
adjoining  plate  which  has  been  previously  inserted.  When  the  plates 
have  been  all  "  set  up,"  and  fastened  in  their  places  by  means  of  the 
frame,  D,  and  buttons,  E,  the  inner  frame  must  be  pressed  by  the  finger 
and  thumb  of  one  hand,  whilst  with  the  other  the  ink  is  carefully  rubbed 
over  them  by  the  aid  of  the  brush.  Before  being  removed  from  the 
frame,  the  plates  should,  if  wet,  be  rubbed  lightly  with  the  dry  portion 
of  the  brush,  and  then  placed  in  their  compartments  with  their  heads 
tip,  and  all  facing  one  way. 


MANUFACTURE  OF   ICE. 

Alexander  C.  Kirk,  Bathgate. — Patent  dated  September  13,  18C4. 

This  invention  has  for  its  object  the  rendering  of  ice  produced  by  artifi- 
cial means  more  transparent  and  solid  than  heretofore,  and  consists  in  im- 
mersing or  partially  immersing  any  conveniently  shaped  vessel,  composed 
of  a  material  capable  of  conducting  heat  (iron  or  copper,  for  example), 
and  kept  at  a  temperature  below  32°  Fahr.  by  a  freezing  mixture,  or  other 
means,  in  another  vessel  containing  water  in  a  considerably  larger  quan- 
tity than  the  water  intended  to  be  frozen.  In  this  way  ice  is  formed 
on  the  outside  of  the  immersed  or  partially  immersed  vessel,  which  ice 
is  much  more  transparent  and  solid  than  that  hitherto  made  by  artificial 
means. 

The  accompanying  engraving  represents  a  vertical  section  of  one 
convenient  form  of  the  apparatus,  a  A  is  a  vessel  of  any  material  (by 
preference  a  low  conductor  of  heat,  such  as  wood)  containing  water, 


part  of  which  only  is  intended  to  form  into  ice.  bb  is  a  smaller 
vessel  composed  of  iron,  copper,  or  other  good  conducting  material, 
whose  under  side  is  in  contact  with,  or  slightly  immersed  in,  the  surface 
of  the  water,  part  of  which  is  intended  to  be  formed  into  ice.  The 
bottom  of  the  vessel,  B,  is  to  be  kept  at  a  temperature  below  32°  Fahr. 
by  a  freezing  mixture  placed  inside,  a  current  of  cold  brine  flowing  in 
by  the  pipe,  e,  and  flowing  off  by  the  pipe,  D,  or  other  suitable  means  ; 


the  ice  will  thus  be  formed  on  the  under  side  of  the  vessel,  as  at,  c. 
By  raising  the  vessel,  b,  or  lowering  the  vessel,  A,  the  ice  may  be 
readily  detached  mechanically  from  the  bottom  of  the  vessel,  b,  or  if 
preferred  it  may  be  thawed  off  by  pouring  a  little  hot  water  into  such 
vessel. 


LAW    REPORTS. 


Sail  Reefing. — Cunningham  v.  Colungs. — Before  Vice-Chancellor  SirW. 
P.  Wood,  December  20,  1864.  The  plaintiff,  Mr.  H.  D  P.  Cunningham,  is  a 
patentee  for  improvements  in  reefing  sails,  and  sought  by  his  bill  to  restrain  the 
defendants,  who  are  also  patentees  of  an  invention  for  the  same  purpose, 
from  infringing  his  patent,  which  is  some  years  prior  in  point  of  date.  Accord- 
ing to  the  old  mode  of  reefing  topsails,  which  are  bent  upon  movable  yards,  in 
distinction  from  the  "courses"  or  lower  sails,  which  are  bent  upon  fixed  yards, 
the  sailors  from  the  deck  haul  in  the  reef-tackles,  and  lower  away  the  yard  at  the 
same  time  by  slackening  off  the  end  of  the  tie  (which  is  a  rope  or  chain  fixed  to 
the  yard,  passing  through  a  sheave-hole  at  the  masthead  and  down  to  the  deck). 
The  sail  being  thus  loosened  and  in  a  position  to  be  reefed,  the  sailors  go  aloft, 
gather  up  the  sail,  and  attach  it  to  the  yard  by  tying  up  the  reef-points  and 
earrings.  This  operation  of  reefing  or  shortening  sail  in  heavy  weather  was  obviously 
attended  with  great  danger  to  the  sailors — who  often,  when  lying  out  on  the  yard, 
fell  overboard — loss  of  time,  and  wear  and  tear  of  the  sails. 

The  plaintiff,  Mr.  Cunningham,  who  was  a  paymaster  in  the  Royal  navy,  had  his 
attention  called  to  the  subject  while  acting  as  secretary,  in  1847-48,  on  board  her 
Majesty's  ship  President,  by  the  loss  of  a  man  who  fell  overboard  while  reefing 
mizentopsails  during  a  gale  of  wind.  In  November,  1850,  not  being  aware  that 
any  plan  had  been  devised  for  enabling  sailors  to  reef  from  the  deck,  he  took  out  a 
patent  for  "improvements  in  reefing  sails  "  of  square-rigged  vessels.  The  process 
described  in  the  plaintiff's  specification  of  1850,  as  altered  by  his  disclaimer, 
filed  in  November,  1863,  was  complicated,  and  not  easily  intelligible  without 
the  assistance  of  the  models  produced  in  court ;  and  this  remark  applies  to  the 
various  other  processes  which  came  in  question  during  the  trial.  The  general 
principle  of  the  invention  was  based  upon  what  was  termed  by  one  of  the 
witnesses,  "  automatic  rotation,"  or  the  Bandalore  toy;  in  other  words,  the  result 
was  produced  by  causing  the  yard  to  revolve  as  it  descended  by  the  force  of  its  own 
weight,  and  wind  the  sail  upon  itself.  This  was  effected  by  fixing  a  metal  boss  (or 
pulley)  in  the  centre  of  the  yard,  so  that  both  yard  and  boss  must  revolve  together. 
By  an  arrangement  of  the  topsail  tie,  when  the  yard  was  lowered  by  slackening  out 
the  tie,  the  boss  and  yard  revolved  as  they  descended,  and  the  sail  was  rolled  round 
upon  the  yard,  the  motive  power  which  effected  this  double  action  of  descent  and 
revolution  being  the  weight  of  the  yard  with  the  sail  and  appendages  attached.  Tn 
facilitate  the  operation  of  winding  round  the  yard  the  sail  was  fitted  with  a  "  slot  " 
or  opening  reaching  down  to  the  close  reef.  The  operation  of  furling  was  not  com- 
prehended in  the  plaintiff's  patent,  and  the  process  was  not  applicable  to  courses  or 
lower  saiis  bent  upon  a  fixed  yard.  We  should  here  state,  that  although  the  patent 
as  amended  and  altered  by  the  disclaimer  filed  in  November,  1863,  was  that  on 
which  the  plaintiff  sued,  the  process  described  in  the  patent  as  it  originally  stood 
included  the  rotation  of  the  yard  by  pulleys  worked  from  the  deck,  as  well  as  the 
rotation  in  the  descent  of  the  yard  by  gravitation.  The  invention,  which  was  capable 
of  being  performed  very  rapidly  in  five  minutes  by  one  man  on  the  deck,  proved 
very  successful,  and  has  been  largely  adopted  in  merchant  ships,  although,  as  Mr. 
Cunningham  admitted  in  his  evidence,  some  people  were  found  still  to  prefer  the 
old  plan.  The  defendants,  Messrs.  Collings  and  Pinckney,  who  are  manufacturers 
of  reefing  gear  at  Seaham  Harbour,  obtained,  in  April,  1862,  a  patent  for  improve- 
ments in  apparatus  for  reet~*ng  ships'  sails.  Like  that  of  the  plaintiff's  patent,  the 
specification  was  complicated  and  technical — far  too  long  to  be  given  in  extenso, 
and  even  then  only  intelligible  by  the  aid  of  models  and  diagrams.  The  general 
principle  was  that  of  the  window-blind ;  and  although  in  the  provisional  specification 
the  rotation  of  the  roller  in  front  of  the  yard  was  referred  to  weight,  this  part  was 
omitted  in  the  complete  specification.  The  defendants  in  their  process  adapted  a 
roller  or  rolling  spar  to  the  foreside  of  the  yard,  and  wound  the  sail  on  to  the  rolling 
spar  by  means  of  a  parbuckle  or  ree'^ng  halyard,  leading  from  the  masthead  to  the 
yard-arms.     The  rotation  of  the  roller  for  the  purpose  of  winding  up  the  sail  was  in 
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this  process  produced  by  hauling  on  the  reefing  lines  and  halyards,  and,  according  to 
their  case,  not  by  the  weight  of  the  yard,  as  in  the  plaintiff's  process. 

The  plaintiff,  considering  that  the  defendants  were  infringing  his  patent,  had 
filed  his  bill,  and  the  case  now  came  on  for  hearing,  the  evidence  on  both  sides  being 
taken  vim  voce  in  open  court. 

The  defendants'  case  was  in  effect  that  the  invention  of  the  plaintiff  was  bad,  for 
want  of  novelty,  having  been  anticipated  by  publication  and  user  of  prior  patents  in 
this  country  and  also  in  America  (according  to  an  extract  from  the  Family  Herald 
of  February  26,  1848,  describing  the  invention  of  a  Captain  Simpson,  of  New 
Hants,  in  terms  very  similar  to  those  contained  in  the  plaintiff's  specification); 
that,  if  new,  the  invention  was  merely  an  adaptation  and  combination  of  that  which 
was  well  known  and  already  in  use;  that  the  specification,  as  altered  by  the  dis- 
claimer, was  insufficient  to  effect  the  result;  and  even  allowing  that  the  plaintiff 
could  claim  exclusively  the  rotation  of  the  yard  by  weight,  the  defendants  had  not 
been  guilty  of  infringement-  Upon  the  question  of  infringement  they  relied  upon 
the  following  distinctions: — They  did  not,  by  their  process,  cause  the  yard  to  rotate, 
as  rotation  of  the  roller  was  produced  not  by  weight  or  by  the  agency  of  a  boss 
attached,  but  by  hauling  on  the  reefing  lines  and  halyards  in  ordinary  use.  They 
were  enabled  by  their  process  not  only  to  reef,  but  to  furl  the  sails,  without  lowering 
the  yard ;  and  their  process  was  applicable  to  courses  having  fixed  yards,  as  well  as 
to  topsails  and  topgallant-sails  with  movable  yards,  and  the  weight  of  the  yard  was 
only  used  as  an  accessory  in  applying  the  process  to  topsails  and  using  the  ordinary 
tie.  They  also  relied  upon  the  circumstance  that  an  ordinary  sail,  an  ordinary  yard, 
and  ordinary  reefing  tackle  were  available  for  their  process,  and  that  the  peculiar 
apparatus  employed  by  the  plaintiff  was  not  necessary,  and,  in  fact,  could  not  be 
used  in  their  piocess. 

Mr.  Grove,  Q.C.,  Sir  Hugh  Cairns,  Q.C.,  and  Mr.  Cracknall,  appeared  for  the 
plaintiff;  Mr.  Kolt,  Q.C.,  Sir.  Thomas  Webster,  and  Mr.  Martindale,  were  for  the 
defendants. 

The  case  was  argued  during  the  sittings  after  the  Michaelmas  term,  and  now  came 
on  for  judgment. 

The  Vice-Chancellor,  after  stating  the  specification  as  it  originally  stood,  and  as 
it  was  subsequently  altered  by  the  disclaimer,  and  commenting  on  a  previous 
patent  of  one  Bywater  in  1806,  which  had  been  referred  to  in  the  arguments,  said 
that  the  other  evidence  that  had  been  adduced  for  the  purpose  of  showing  that  the 
plaintiff's  invention  was  not  new,  was  of  so  shadowy  a  character,  that  if  allowed 
to  have  the  effect  of  avoiding  the  invention,  it  was  difficult  to  see  what  patent 
could  ever  be  sustained.  During  the  long  series  of  years  between  180G  and 
186-4  you  had  a  most  shadowy  account  of  some  one  vessel  floating  on  the  German 
Ocean,  name  unknown,  master  unknown,  and  not  to  be  traced,  fitted  with  some  sort 
of  contrivance  something  like  that  of  the  plaintiff.  Nothing  definite  was  given  except 
the  date  of  1832,  and  the  statement  of  the  witness,  who  gave  this  shadowy  account 
that  reefing  was  twice  during  the~voyage  effected  by  this  contrivance  (said  to 
resemble  the  plaintiff's) — once  when  the  witness  was  below,  and  once  when  he  was  on 
deck.  Such  testimony,  of  course,  from  its  nature  could  not  be  contradicted,  but  it 
was  far  too  vague  for  him  to  place  any  reliance  upon  it.  The  evidence  that  some- 
thing of  the  kind  had  been  done  in  America,  derived  from  a  statement  in  the 
Family  Herald  of  1848,  was  of  more  importance;  but  no  one  with  the  Family 
Herald  simply  before  him  had  got  pointed  out  to  him  a  mode  of  effecting  that 
which  the  plaintiff  had  done— viz.,  causing  a  yard  to  descend  and  rotate  -by 
gravitation.  His  Honour  then  proceeded  to  comment  upon  Winspeare's  invention, 
which  was  patented  in  1843,  and  had  been  adduced  in  evidence,  and  said  that. 
assuming  his  invention  to  be  identical  with  that  of  the  plaintiff,  it  had  been  kept 
secret  and  never  disclosed,  while  the  plaintiff,  who  had  published  his  discovery  to 
the  world,  ought  not  to  be  deprived  of  his  invention  by  the  existence  of  some  pre- 
vious invention  never  made  public.  It  was  further  objected  that  the  patent  was  the 
mere  application  of  a  well-known  principle  to  be  found  in  a  common  child's  toy. 
But  this  was  no  valid  objection.  Of  the  utility  of  the  invention  there  could  be  no 
doubt  whatever  on  the  evidence,  and  many  instances  occurred  to  him  of  most  useful 
and  beneficial  inventions  which  resulted  from  taking  up  some  most  simple  and  well- 
known  principle,  and  applying  it  to  a  practical  and  useful  purpose.  Having  thus  dis- 
posed of  the  objections  for  want  of  novelty,  he  came  to  the  question  of  infringement 
by  the  defendants.  Now,  in  the  process  of  the  defendants,  the  rolling  up  the  sail  on 
the  yard  was  in  a  great  measure  produced  by  gravitation.  There  were  differences, 
no  doubt,  in  the  apparatus — there  was  no  central  boss,  and  a  roller  was  fitted  as  in 
Bywater's  process,  in  front  of  the  yard,  while  the  use  of  a  slot  to  the  sail  was 
avoided.  The  defendant,  moreover,  contended  that  the  roller  did  not  descend  by 
gravity  alone,  and  therefore  that,  according  to  the  principle  of  "  Seed  v.  Higgins" 
(6,  House  of  Lords'  Cases),  there  had  been  no  infringement  of  the  plaintiff's  patent. 
But  the  use  of  gravity  by  applying  the  weight  of  the  yard,  &c,  was  not  disclaimed, 
and  in  the  provisional  specification  of  the  defendants  it  was  made  a  prominent  part 
of  the  claim  : — "  If  it  is  desired  to  reef  the  sail,  it  is  simply  necessary  to  ease  and 
veer  away  the  halyards  supporting  the  yard,  the  effect  of  which  throws  part  of  the 
weight  of  the  yard  on  the  roller  chains,  causing  them  to  unwind  and  rotate  the 
roller,  and  to  roll  up  and  reef  the  sail."  In  the  complete  specification  the  hauling 
process  was  made  prominent,  after  the  defendants  had  been  informed  that  their 
provisional  specification  would  be  an  infringement  of  the  plaintiff's  patent,  and 
after  the  plaintiff  had  disclaimed  the  hauling  process  as  being  the  subject  of  a  prior 
patent.  After  referring  to  the  defendants'  specification,  his  Honour  said  that  the 
defendants,  who  took  gravitation  as  their  motive  power,  were  in  reality  doing  the 
identical  thing  done  by  the  plaintiff,  and  were  not  the  less  guilty  of  infringement 
because  they  might  have  introduced  some  improvements.  Upon  the  whole,  there- 
fore, he  was  satisfied  that  the  invention  of  the  plaintiff  was  distinctly  new,  and  that 
it  had  been  distinctly  infringed  by  the  defendants.  As  the  plaintiff's  patent  had 
now  expired,  there  must  be  an  injunction  restraining  the  sale  of  any  articles  manu- 
factured during  the  existence  of  the  plaintiff's  patent  and  after  the  date  of  the 
disclaimer,  and  an  account  as  to  profits  made,  and  of  the  compensation  to  be  made, 
to  the  plaintiff. 


REVIEWS    OF    NEW    BOOKS. 


The  Life  of  Robert  Stephenson,  F.R.S.,  &c,  &c.  By  J.  C. 
Jeaffreson.  With  Descriptive  Chapters  on  some  of  his  most  im- 
portant professional  works,  by  William  Pole.  2  vols,  8vo.  London : 
Longman.      1864. 

It  has  been  often  said  in  various  forms,  and  is  repeated  by  Mr. 
Jeaffreson — "That  envy  is  the  shadow  of  success."  Like  most  maxims, 
this  is  true  but  to  a  very  limited  extent.  Success,  justly  and  truly 
self-achieved,  is  almost  sure  of  the  honest  and  hearty  plaudits  and 
recognition  of  mankind.  Envy,  or  rather,  that  inarticulate  sense  of 
injustice  which  is  often  so  misnamed,  seldom  comes  into  play  except 
when  there  is  more  or  less  suspicion  that  the  success  has  not  been  fully 
deserved,  that  it  has  been  obtained  in  part  by  treading  on  the  necks  of 
others — by  hiding  from  view  those  who  have  helped  to  earn  the  success, 
in  order  to  rob  them  of  their  fair  share  therein.  This  the  rough,  though 
often  purblind  justice  of  opinion  in  mankind  resents.  The  soured  and 
morally  sick  Byron,  when  he  uttered  the  lines — 

He  that  ascends  to  mountains  tops  will  find 

Their  highest  peaks  most  wrapped  in  clouds  and  snow; 

He  that  excels  his  fellow-man,  must 
Look  upon  the  hate  of  all  below, 

expressed  a  general  ethical  untruth  as  to  fact,  though  this  hatred  of 
eminence  is  often  enough  provoked  where  those  below  see  that  the  ex- 
alted man  has  reached  the  peaks  of  honour  by  paths  in  which  the  ice 
was  always  round  his  own  heart. 

In  fact,  we  believe  in  the  general  sense  of  justice  of  mankind  as  para- 
mount to  meaner  individual  passion.  So  true  is  this,  that  where  a 
hero  is  once  set  up  and  acknowledged,  men  are  better  pleased  with  a 
panegyric  than  a  biography  of  sober  truth.  To  this  may  be  traced  the 
invention  of  that  style  of  biographical  romance  by  our  neighbours  the 
French,  which  they  have  called  cloge — than  which  few  literary  inven- 
tions have  been  more  potent  in  confusing  truth  and  falsehood. 

In  writing  history  proper,  exactitude  and  truth  are  supposed  to  be  of 
some  value ;  their  importance  in  writing  personal  history — often  the 
very  key  to  history  itself — has  been  too  often  ignored,  and  falsehood  in 
biography  has  been  qualified  or  excused  by  such  maxims  as  De  mortuis 
nil  nisi  bonum.  If  there  be  nothing  good  we  can  say  of  a  man  dead, 
let  us,  if  possible,  say  nothing  of  him  at  all  ;  but  if  we  must  say  some- 
thing— if  we  have  to  consider  his  life  and  actions,  then  let  us  be  just, 
as  we  can,  and  note  both  bad  and  good  impartially,  though  charitably. 

Such  reflections  have  been  evoked  by  the  style  of  extravagant  eulo- 
giura  with  which  the  lives  of  both  George  Stephenson  the  father,  and 
Robert  his  son,  have  been  produced— the  former  by  Mr.  Smiles,  the 
latter,  though  in  less  degree,  by  the  author  now  under  review. 

It  is  an  ungrateful  task  to  try  and  right  the  balance  when  it  has  been 
kicked  by  flattery,  or  toadyism,  or  the  worship  of  wealth — for  the  sus- 
picion can  always  be  suggested  of  that  same  "envy  the  shadow  of 
success" — and  of  a  desire  to  pull  down  a  great  reputation. 

We,  for  ourselves,  utterly  disclaim  any  such  desire  as  respects  the 
Stephensons.  We  admire  their  real  achievements,  we  are  proud  of 
their  memory  as  fellow-countrymen  and  followers  of  one  of  the  noblest 
and  most  useful  of  human  callings;  we  desire  that  they  should  maintain 
their  just  place  amongst  the  august  dead  in  the  engineering  Walhalla, 
but  above  all,  v/e  desire  that  the  story  of  their  lives,  if  told  at  all,  should 
be  truly  told. 

Undoubtedly  this  has  not  yet  been  done  by  either  the  biographer  of 
the  first  or  the  second  Stephenson.  It  has  already  begun  to  be  per- 
ceived that  Mr.  Smiles  has,  in  fact,  not  written  the  life  of  George  the 
elder,  but  a  romance,  and,  as  we  think,  a  vulgar  and  improbable  one, 
founded  a  good  deal  on  fact,  from  much  of  which  even  Mr.  Jeaffreson  is 
obliged  to  dissent.  But  this  biography  of  Robert  Stephenson,  though 
characterized  by  greater  general  fidelity  and  soberness,  is  aiso  liable  to 
grave  objections,  as  respects  its  extravagant  style  of  adulation,  and  as  a 
basis  for  which,  in  several  instances,  misrepresentation  has  been  made 
of  matters  of  fact. 

It  irritates  into  criticism  to  find  such  epithets  coolly  used  by  Mr. 
Jeaffreson  as,  "  the  two  greatest  engineers  of  this  or  any  other  age." 
It  compels  remark  when  we  find  Mr.  Pole  so  moulding  his  narrative  of 
the  works  he  has  chosen  to  describe,  as  to  repeat  and  give  currency  and 
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sanction  to  misstatements  that  have  been  loDg  since  amply  proved  to 
be -such. 

With  Mr.  Smiles'  romance  we  have  nothing  more  to  do  here.  The 
work  before  us,  though  called  only  the  Life  of  Robert,  is,  in  fact,  a 
biography  of  both  George  and  Robert.  That  of  the  former,  briefly 
given,  is,  nevertheless,  a  much  more  true  and  life-like  picture  of  the 
elder  than  the  one  just  referred  to. 

George  Stephenson,  the  son  of  "old  Robert,"  the  blind  fireman  or 
stoker,  of  Wylam,  was  born  in  1781,  a  year  or  two  after  James  Watt 
made  his  first  steam  engine,  and  at  eighteen  years  of  age  had  displayed 
no  signs  of  unusual  intelligence,  nor  could  he  then  either  read  or  write, 
but,  "  he  had  been  always  a  good,  sober,  steady  lad." 

While  a  child,  we  are  told,  "like  most  pit  children  he  used  to  grub 
about  in  the  dirt,  and  for  his  amusement  fashion  models  of  steam  engines 
in  clay"  In  this  unvouched  anecdote  we  have  a  little  dash  of  the 
Smiles  style.  In  1784,  or  '86,  steam  engines  in  the  Northern  collieries 
were  not  yet  become  quite  as  plenty  as  blackberries.  It  was  between 
1765,  and  '70,  that  Mr.  Smeaton  constructed  the  few  Newcomen  engines 
then  in  the  North,  and  Watt's  engines  were  only  beginning  to  get  into 
vogue  about  1780 — so  that,  to  say  nothing  of  practical  difficulties  in  the 
war  of  clav  as  a  material  for  model  steam  engines,  it  is  hard  to  believe 
that  these  machines  had  got  popularized  enough  in  George's  childhood 
to  have  fastened  his  own  or  other  pit  children's  attention.  The  fact  is 
unimportant,  except  as  an  illustration  of  the  melodramatic  mode  of 
composing  biographies. 

The  youth  George,  become  a  brakesman  at  Black  Callerton  Pit, 
lodged  with  a  small  farmer  in  that  parish,  and  here  proposed  for  Ann 
Heuderson,  and  being  rejected,  made  suite  to  her  elder  sister,  Fanny, 
who  was  twelve  years  older  than  he  was,  and  married  her.  She  had 
been  a  domestic  servant,  and  had  saved  some  money,  wherewith  George 
furnished  his  first  humble  home,  in  a  cottage  close  by  the  Ballast  Hill 
Engine,  on  the  Tyne,  which  he  now  tended;  the  appointment  being 
due  to  the  good  offices  of  Robert  Hawthorn,  a  millwright,  who  had 
erected  the  engine,  and  who  was  thus  George's  first  patron.  On  the 
16th  October,  1803,  Fanny  Stephenson  gave  birth  to  her  first  son, 
Robert,  the  future  engineer. 

In  the  brief  memorials  of  George  the  father's  early  wedded  life,  we 
have  some  of  the  pleasantest  personal  traits  recorded  of  him ;  the 
young  husband  of  twenty-two,  with  an  invalid  wife  (for  consumption 
was  in  her  blood  and  developed  itself  after  her  confinement),  sturdily 
labouring  during  the  day  upon  the  ballast  heap  overlooking  the  Tyne, 
at  night  adding  to  his  scanty  earnings  by  shoe  cobbling  and  clock  clean- 
ing, and,  while  trying  to  spell  out  from  some  printed  page  the  very 
earliest  elements  of  knowledge,  tending  his  ailing  wife,  and  nursing  for 
her  their  child.  "Robert's  earliest  recollections  were  of  sitting  on  his 
father's  knee  watching  his  brows  knit  over  the  difficult  points  of  a  page, 
or  marking  the  deftness  and  precision  with  which  his  right  hand  plied 
its  craft.  The  child,  too,  bore  in  body  as  well  as  heart  a  memorial  of 
his  father's  tenderness.  His  seat  was  always  on  George's  left  knee,  his 
body  encircled  by  his  father's  left  arm.  The  consequence  was  that  the 
left  hand  and  arm,  left  at  liberty  by  the  position,  became  stronger,  and 
were  more  often  used  than  the  right,  and  the  child's  habit  of  trusting 
the  left  hand  strengthened  by  time,  gradually  developed  into  a  perma- 
nent defect."  A  pleasant  scene  of  stout-hearted  self-dependence,  humbly 
meeting  for  the  day  the  evils  thereof,  and  of  longings  for  knowledge, 
with  a  dim  perception  of  the  power  it  brings,  and  all  girdled  and  bound 
into  harmony  and  beauty  by  well-kept  troth  and  domestic  affection. 

At  the  close  of  1804,  George  and  his  sick  wife,  with  their  child,  moved 
to  West  Moor  Colliery,  and  into  the  small  cottage  where  he  continued 
to  live  until  after  he  had  made  large  way  towards  that  opulence  and 
power  which  were  the  ruling  passion  and  abiding  motives  of  his  life- 
long career.  At  the  midsummer  of  the  next  j'ear  his  wife  gave  birth 
to  a  second  child,  a  girl,  who  died  within  three  weeks;  and  before 
winter  was  over,  the  mother  also  had  died,  and  George  was  a  widower, 
alone  with  his  only  and  delicate  child,  Robert. 

George  now  began  to  keep  house  by  hired  housekeepers  or  "helps," 
and  the  boy  was  intrusted  much  to  their  care.  The  last  of  these  house- 
keepers was  George's  own  sister,  Eleanor,  a  sensible  and  loving  woman, 
to  whom  the  little  nephew  seems  to  have  owed  much. 

Of  Aunt  Elender  (as  the  name  is  called  in  the  North)  a  most  prepos- 
terously improbable  melodramatic  anecdote  is  told,  touching  certain 
artificial  flowers  she  wore  in  her  bonnet  when  she  crossed  George's 
threshold.     The  anecdote  is  intended  (and  so  is  stated)  to  show  George's 


"rude  love  of  truth,  and  dislike  of  shams,"  but  it  contains  internal  evi- 
dence of  unreality,  as  well  as  of  the  absolute  baselessness  of  this  con- 
clusion drawn  from  it,  both  as  regards  Eleanor  and  George.  We  can 
only  say,  if  ''love  of  truth  and  dislike  of  s/tamsVhe  so  commendable,  it 
is  a  pity  Mr.  Jeaffreson  flew  in  the  face  of  both  by  garnishing  his  book 
with  this  more  than  apocryphal  story. 

Robert,  while  still  a  small  boy — how  old,  it  seems,  cannot  be  ascer- 
tained, though  the  precise  motives  that  induced  Aunt  Eleanor  to  wear 
artificial  flowers,  and  of  George  her  brother  to  insist  she  should  not,  are 
quite  patent  to  the  historian — was  sent  to  Tommy  Putter's  school,  a 
pit  village  school  of  some  ten  or  a  dozen  children  ;  and  then  we  have  a 
little  bit  more  of  the  melodramatic,  constructed  out  of  the  simple  facts 
that  the  boy  begged  hard  in  autumn  to  join  his  aunt  in  gleaning  in 
place  of  going  to  school,  that  he  could  not  stand  the  laborious  work 
beneath  a  harvest  sun,  and  asked  to  be  let  go  to  school  again  ;  and  then 
George,  in  the  approved  "heavy  father"  style,  is  introduced  upon  a 
Sunday  (pity  no  date  is  given)  delivering  a  homily  to  young  Robert, 
telling  him  "  to  be  a  good  boy  over  his  book,  and  to  thank  God  that  he 
(unlike  his  father)  was  not  in  childhood  required  to  toil  all  day  for  a  few- 
pence."  "A  sermon,"  the  author  piously  adds,  "fit  for  a  day  of  rest, 
and  from  no  lips  could  it  have  come  more  appropriately  than  from  those 
of  George  Stephenson."  To  our  minds  the  story,  if  a  fact  at  all,  rather 
proves  that  the  "moral"  was  best  fitted  for  a  working  da}'.  It  was,  if 
at  all,  but  the  inevitable  outpouring  of  that  instinctive  perception 
which  George  Stephenson  had — that  knowledge  was  power,  and  that 
power,  represented  most  concretely  by  money,  was  the  grand  aim  and 
end  of  existence,  and  the  thing  to  be  sought  after  as  the  summum  bonum. 

Robert  appears  to  have  been  kept  at  Rutter's  school  for  about  three 
years,  doing  occasional  odd  jobs  of  labour  in  going  or  coming,  such  as 
carrying  the  pitmen's  tools  to  the  neighbouring  forge  to  be  pointed 
anew,  &c.  In  1812  came  the  first  real  advance  of  his  father's  position 
in  life.  He  was  appointed  on  the  death  of  Cree,  the  engineman  of 
Killiugworth  Colliery,  to  the  like  post  at  contiguous  collieries,  at  a 
salary  of  £100  per  annum.  Mr.  Jeaffreson  estimates  that  at  this  time 
George  had  an  income  from  his  post  at  these  collieries,  and  from  his 
clock  cleaning,  of  about  £150,  and  he  very  properly  demolishes  the 
mock  heroics  of  Mr.  Smiles,  through  whom  "an  erroneous  impres- 
sion exists  that  George  Stephenson  denied  himself  the  indulgences 
appropriate  to  his  condition  in  order  that  he  might  give  his  boy  a 
superior  education,  and  that  in  sending  his  son  to  school  he  showed  his 
superiority  to  most  of  his  fellow-workmen."  The  truth  is  that  George 
Stephenson  did  no  more  by  his  only  son  than  other  men  below  his  posi- 
tion and  means  did  for  their  three  or  four  sons,  even  at  that  early  period. 
The  North,  like  the  Scotland  it  is  near,  has  never  been  unappreciative 
of  the  value  of  knowledge,  and  the  Northern  pit  population  have  always 
been  rather  above  the  average  of  the  population  of  our  manufacturing 
or  mining  districts  in  education. 

We  have  some  imperfect  sketches  of  a  few  of  George's  mechanical 
contemporaries,  into  communication  with  whom  he  was  before  this  time 
thrown.  Scanty  and  often  vague  as  these  are,  they  serve  to  show  how 
constantly  and  eagerly  he  kept  his  eyes  and  ears  open,  and  gathered 
hints  and  scraps  of  information  from  such  men  as  Hawthorn,  the  mill- 
wright, and  Steel,  who  originally,  like  George  himself,  had  been  a 
brakesman,  and  who,  after  having  served  his  time  at  an  iron  foundry 
in  Gateshead,  was  employed  by  Trevithick  while  he  was  making  the 
locomotive  in  1803  and  1804,  which  won  the  memorable  wager  between 
Mr.  Homfray,  of  Penydaran,  and  Mr.  Crawshay,  of  Cyfarthfa  Iron 
Works.  Steel  is  admitted  to  have  built,  in  1804,  the  first  locomotive, 
at  Gateshead,  which  ever  acted  on  the  banks  of  the  Tyne. 

Mr-  Hedley  had  proved  before  this  time,  at  Wylam  Colliery,  that 
such  an  engine  would  run  on  trams  by  its  own  adhesion  and  without 
cogged  rails.  The  rails  existing  before  this  time  at  Killingworth  were 
edge  rail?. 

George  Stephenson,  as  engineman  at  Killingworth,  had  now  to 
direct  the  making  of  a  locomotive,  and,  wide  awake  to  what  others 
had  done  before  him,  he  seems  to  have  copied,  and,  possibly,  more  or 
less  improved  Steel's,  or,  rather,  Trevithick's  construction  of  engine, 
and  put  it  on  the  edge  rails  that  he  already  had  found  laid,  certain 
enough,  no  doubt,  from  what  Hedley  had  done,  that  as  a  like  engine 
ran  upon  trams,  it  was  sure  to  run  upon  the  better  and  evener  edge  rail. 

"George  Stephenson,  therefore,"  says  Mr.  Jeaffreson,  "built  the  first 
locomotive  engine  that  propelled  itself  by  the  adhesion  of  its  wheels  on 
edge  rails,  the  first  trial  taking  place  25th  July,  1S14,  with  marked 
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success.  When  the  training  and  antecedents  of  the  young  workman" 
(then  only  thirty-three  years  of  age)  "are  taken  into  consideration,  the 
achievement  seems  almost  incredible." 

Were  it  not  that  the  peculiar  frame  and  putting  together  of  the  whole 
passage  in  the  original  work  are  intended  to  give  a  foundation  for  the 
subsequent  baseless  claim  set  up  for  George  Stephenson,  and  to  this  day 
often  adhered  to  by  those  who  are  of  the  sect  of  Stephenson  worship- 
pers— that  he  was  the  inventor  of  the  locomotive— it  would  be  scarcely 
worth  while  pointing  out  that  in  all  this  Stephenson  had  invented 
nothing.  He  had  done  no  more  than  intelligently  to  take  advantage  of 
what  Trevithick  and  Hedley  had  done  before  him,  and  by  the  hands  of 
the  mechanics,  who  as  workmen  were  under  his  command,  to  realize 
their  knowledge.  The  result,  however,  was  a  success,  and,  as  most 
usually  happens,  the  lookers-on  did  not,  and  most  of  them  could  not, 
perhaps,  too  minutely  inquire  into  the  origins  and  grounds  upon  which 
the  success  rested,  but  attributed  it,  as  men  nearly  always  do,  to  the 
last  ostensible  individual  agent  concerned. 

George  Stephenson  acquired,  as  the  result,  the  character  of  a  man 
of  possible  future  mark;  and  now  Mr.  Losh,  of  the  firm  of  Losh,  Wilson, 
&  Bell,  came  to  know  enough  of  him  to  think  George  could  be  useful  to 
him.  He  made  overtures,  and,  early  in  1815,  engaged  George  Stephen- 
son, with  the  consent  of  his  Killingworth  friends,  to  come  over  to 
Walker  Iron  Works  two  days  a  week,  at  a  salary  of  £100  a  year. 

And  so  George  began  to  feel  himself  a  rising  man.  His  income  from 
all  sources  was  about  £250  per  annum  ;  and  he  sent  his  son  Robert  as 
a  day  scholar  into  Newcastle,  to  Mr.  Bruce's  school.  There  Robert 
remained  four  years,  amongst  those  scholars  who  did  not  receive  clas- 
sical instruction,  walking,  and  more  latterly  riding  a  donkey,  in  and  out 
of  Newcastle  from  his  father's  cottage,  and  carrying  with  him  his  own 
dinner  of  rye-bread  and  cheese. 

During  the  first  year  of  Robert's  Newcastle  schooling,  a  remarkable 
epoch  occurred  in  his  father's  life — that  of  the  alleged  invention  of  the 
Davy  Lamp.  Most  of  our  readers  know,  or  suppose  they  know,  the 
general  facts.  Dr.  Clanny  invented  a  lamp,  wholly  different  in  principle 
from  the  Davy,  in  1813.  One  of  those  great  explosions  of  fire  damp 
which  every  now  and  then  occur,  happened  between  that  time  and 
1815,  and  in  the  latter  year  Sir  Humphrey  Davy  (then  Mr.  Davy) 
was  invited  to  consider  the  possibility  of  devising  a  light  safe  in 
fiery  pits.  Early  in  1815  he  appears  to  have  investigated  the  relations 
more  or  less  completely  of  flame  to  diaphragms  of  good  conducting 
material  full  of  rclaticcly  small  apertures,  such  as  wire  gauze ;  and 
about  August,  1815,  Davy  visited  Newcastle  with  a  view  to  see  the 
fire-damp  collieries  for  himself,  and  for  other  purposes.  He  returned 
to  London,  and,  about  October,  appears  to  have  publicly  announced 
the  princi/yles  upon  which  the  safety  lamp  depends,  and  to  have 
deduced  from  them,  by  direct  process,  the  construction  of  the  lamp 
that  bears  his  name. 

Bearing  in  mind  George's  aptitude  for  keeping  his  eyes  and  ears 
open,  and  Davy's  well-known  unreservedness  in  conversation  on  science 
and  its  application,  it  does  not  seem  uncharitable  nor  improbable  to 
suppose  that  the  elder  Stephenson  may  have  heard  dropped,  more  or 
less,  of  what  Davy's  views  were  (however  immature)  while  he  was 
visiting  Newcastle,  and  possibly  even  after  he  had  returned  to  London. 
Whether  this  be  so  or  not,  on  the  21st  October,  1815,  George  tried  a 
lamp  of  his  own  planning,  and,  it  is  alleged,  found  it  to  answer.  The 
lamp  drew  in  its  supply  of  air  for  the  light  through  small  apertures, 
no  doubt ;  but  there  seems  to  be  no  evidence  whatever  that  George 
Stephenson  had  the  remotest  glimmering  of  conception  that  it  was  not 
the  smallness  of  size  of  those,  but  the  relation  between  their  size  and 
the  conductibiliry  of  the  material  through  which  they  were  pierced, 
upon  which  the  principle  of  the  safety- lamp  depended.  George  Ste- 
phenson had,  however,  already  a  local  "  clan."  There  were  not  wanting 
those  who  affirmed  that  Davy  had  pirated  from  the  humble  and  much 
injured  pitman  the  ideas  for  which  medals,  fame,  and  money  awaited 
him.  AVhatever  piracy  or  plagiarism  there  was,  if  any  there  were  on 
either  side,  we  are  compelled  to  think  may  have  been  altogether  the 
other  way. 

Mr.  Jeaffreson  deals,  we  think,  unfairly  by  this  matter.  He  wholly 
avoids  discussion  as  to  priority,  and  leaves  his  reader,  so  far  as  can  be 
gathered  from  his  pages,  in  absolute  ignorance  of  the  respective  merits  of 
the  parties  He,  however,  has  the  following  remarks  as  to  Mr.  Smiles  and 
his  version  of  the  affair : — "  With  regard  to  George  Stephenson  and  his 
invention,  the  time  has  come  for  the  final  sweeping  away  of  a  fiction. 


The  true  nobility  of  the  elder  Stephenson  is  only  insulted  by  those  who 
would  surround  it  with  the  vulgar  glare  of  melodramatic  heroism." 
Accordingly  Mr.  Jeaffreson  sweeps  away,  by  the  testimony  of  Mr. 
Nicholas  Wood,  the  fable  so  deftly  told  by  "indiscreet  eulogists" — 
that  Stephenson,  with  the  hardihood  of  a  genius  more  than  heaven- 
inspired,  brought  his  lamp  to  trial  at  once  in  the  foulest  part  of  a  foul 
mine,  where  its  failure  would  have  involved  instant  destruction  to  all 
in  the  pit,  inventor  inclusive. 

It  is  a  pity,  however,  that  our  author  did  not  equally  address  himself 
to  sweeping  away  the  rubbish  by  which  Mr.  Smiles  has  endeavoured  to 
show  that  George  Stephenson  was,  in  the  discovery  of  this  lamp,  a 
great,  exact-reasoning,  and  experimenting,  inductive  philosopher — the 
untaught,  but  heaven-made  superior  of  Davy — and  that  we  are  still  called 
upon  not  alone  to  admit  him  as  a  naturally  hard-headed,  clever  man  of 
observation  and  practice,  but  a  greater  than  the  greatest  chemical  and 
physical  genius  that  our  century  boasts  of  in  England. 

Need  the  silliness  of  such  pretensions  be  more  fully  Bhown  than  by 
asking,  is  such  likely  or  possible  of  the  man  who  could  not,  iu  a  before- 
hand-written speech  of  after-dinner  thanks,  put  two  sentences  of  English 
logically  together,  and  who,  after  be  had  tried  to  master  the  rules  of  Eng- 
lish grammar,  returned  the  borrowed  book  to  its  lender  with  the  acknow- 
ledgment— "  I  oonderstoond  the  vow'ls,  but  I  canna  gat  hold  o'  tha 
varbs."  No,  there  is  many  a  rough,  strong,  uncultured  brain  capable 
of  brilliant  inventive  conception — of  the  best  way  of  accomplishing  a 
given  object,  within  the  direct  and  immediate  scope  of  its  observation 
and  judgment.  Of  this,  which  Carlyle  calls  the  operation  of  the  leaver 
intellect,  examples  are  plenty ;  but  it  is  not  from  such  men  that  genuine 
discoveries,  resting  upon  exact  knowledge  of  applied  science,  and  long 
trains  of  inductive  reasoning,  rigidly  and  logically  carried  out  to  a 
practical  end,  are  found  to  proceed. 

In  the  face  of  this  general  truth,  we  have  (not  here,  but  in  Mr.  Smiles' 
pages)  that  other,  even  more  astounding,  attempt  to  make  a  philosopher, 
and  one  far  in  advance  of  his  age,  of  George  Stephenson,  by  the  unsus- 
tainable statement,  that  he  actually  had  anticipated  and  enunciated 
clearly  the  modern  doctrine  of  the  interconvertibility  of  heat  and 
motion. 

The  Davy  Lamp  controversy,  however,  was  of  immense  service  to 
George.  It  brought  his  name  into  notice,  and  into  opposition  with  that 
of  Davy,  the  greatest  luminary  in  the  then  firmament  of  science.  Mr. 
Buddie  and  others,  the  leading  coal  owners,  gave  Davy  a  reward  of 
£2000  for  his  lamp,  and  awarded  £100  to  Stephenson  for  his  lamp, 
which  they  regarded  as  a  clumsy  contrivance,  if  not  an  imitation.  So 
the  patrons  of  George  and  "  the  Geordie  Lamp "  got  up  a  counter 
demonstration,  and  gave  him  £1000  in  money  and  plate,  a  public 
dinner,  and  many  speeches. 

Lucky  George !  born  in  a  land  flowing  with  coal  and  money,  and  at 
that  epoch,  at  least,  prejudice;  lucky  in  being  enabled  to  jostle  a  great 
reputation  ;  lucky  in  friends  and  patrons  to  improve  the  occasion  for  him. 

This  Davy  Lamp  affair  was  George's  real  start  out  from  the  obscurity 
of  humble  life  and  labour.  As  regards  all  that  concerned  his  own 
advancement,  there  was  that  within  him  that  was  ever  after  and  always 
equal  to  the  occasion.  We  all  have  our  runs  of  luck ;  but  few  are  fit 
to  take  advantage  of  and  sustain  them. 

The  biographers  of  the  Stephensons  are  not  content  unless  their  heroes 
are  absolutely  "admirable  Creichtons."  We  are  called  on,  not  only 
to  admit  their  unapproachable  excellence  in  all  mental  and  moral  aspects, 
but  we  must  acknowledge  them  also  as  genuine  descendants  of  Thor 
and  Woden  in  physical  development  and  power. 

Mr.  Jeaffreson  has  now  arrived  at  the  year  1816.  Robert  Stephen- 
son was  born  in  1803,  and  therefore  now  thirteen  years  of  age. 
Besides  robbing  orchards,  which  in  this  particular  case,  of  course, 
becomes  historic  and  heroic,  we  are  told  that,  "  like  his  father,  too,  the 
boy  excelled  in  athletic  sports,  throwing  the  hammer  and  putting  the 
stone  with  skill  and  force. 

"In  throwing  the  hammer,  a  favourite  sport  with  Northumbrian  work- 
men, the  thrower  stands  with  his  legs  wide  apart,  when,  putting  his 
arms  behind  his  back,  and  grasping  the  hammer  by  the  handle  with 
both  hands,  he  casts  it  forwards  between  his  legs.  Apart  from  the 
muscular  force  employed,  the  knack  greatly  consists  in  letting  the 
hammer  go  at  the  right  moment.  Relinquished  too  soon,  the  missile 
strikes  the  ground  close  to  the  player's  feet ;  retained  after  the  proper 
moment,  it  is  apt  to  rise  up  into  the  thrower's  face. 

"  In  his  sixteenth  year  Robert  was  engaged  at  this  pastime,  and  made 
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the  mistake  of  keeping  the  hammer  too  long  in  hand.  The  consequence 
was  that  the  ponderous  implement,  weighing  little  under  28  pounds,  rose, 
struck  him  on  the  forehead,  and  laid  him  flat  and  perfectly  stunned  upon 
the  ground.  John  Tate  witnessed  the  accident,  hut  on  the  following  day 
he  saw  Robert  throwing  the  hammer  with  as  much  resolution  as  ever." 

In  this  same  key  we  have,  in  the  nest  chapter  or  two,  an  episode  of 
his  South  American  life  : — "  When  a  hetter  feeling  had  heen  established 
between  the  miners"  (Coruish-men  brought  out  to  Caraccas  who  did 
not  like  the  north-country  man  being  set  over  them)  ''and  himself, 
Robert  Stephenson  encouraged  them  to  spend  their  evenings  in  athletic 
sports.  In  casting  quoits,  lifting  anvils,  reaching  beams  suspended  by 
cords,  and  throicing  the  hammer,  he  had  few  equals  ;  and  by  displaying 
his  prowess  in  these  and  similar  sports  he  gradually  gained  the  respect 
and  affection  of  his  men." 

Now  this  must  be  utter  childish  nonsense.  Passing  by  Mr.  Jeaffre- 
son's  description  of  sledge-throwing,  which  shows  that  he  has  picked  up 
his  information  as  to  one,  and  by  no  means  the  most  usual  of  the  many 
methods  of  throwing  the  hammer,  merely  at  second-hand,  we  cannot 
fail  to  be  struck  by  the  inconsistency  of  these  statements,  which  make 
Stephenson  a  sort  of  juvenile  Titan,  with  passages  only  a  few  pages 
before  and  after  in  which  we  are  told  that — "  His  lungs  were  weak,  and 
manifested  symptoms  of  tubercular  disease ; "  so  much  so  that  he  could 
not  bear  the  labour  of  an  ordinary  coal-viewer,  which  he  found 
'•  exhausting  as  well  as  perilous."  And  again — "  He  was  of  a  delicate 
nervous  organization.  Though  the  climate  of  South  America  had 
saved  him  from  pulmonary  consumption,  he  had  by  no  means  acquired 
the  soundness  of  constitution  which  young  men  ordinarily  enjoy.  He 
icas  never  a  really  strong  man,"  &c.  Those  who  remember  well  Mr. 
Stephenson's  personal  appearance  in  later  life  must  have  often  remarked 
that,  while  he  was  a  tall  man,  and  with  a  fair  width  of  chest,  the  depth 
of  his  chest  from  front  to  rear  was  below  the  fair  proportion,  and  the 
capacity  of  his  lungs  therefore  not  large ;  for  pathologists  as  well  as 
fighting-men  know  full  well  the  difference  in  value  between  width  and 
depth  of  chest.  There  was  a  further  peculiarity  in  Mr.  Stephenson's 
build.  The  bones  of  the  pelvis  were  remarkably  small  and  narrow  in 
both  horizontal  directions,  so  small,  in  fact,  that  when  buttoned  up  in 
the  tight  frock-coat  he  frequently  wore  in  latter  years,  his  hips  looked 
narrow  almost  to  deformity.  His  lower  limbs,  also,  were  long,  straight, 
and  well-made,  but  spare  and  by  no  means  powerful,  even  if  they 
had  had  a  better  fulcrum  through  which  to  act  on  the  shoulders. 
Now,  although  the  Highlandman  admires,  and  justly,  the  "  chiel  that  is 
braid  in  the  shouthers  and  narrow  in  the  hurdies,"  it  is  not  the  sort  of 
width  and  of  narrowness  we  have  alluded  to  which  he  deems  pledges 
of  strength.  The  truth  is  Robert  Stephenson,  though  a  very  well- 
locking  man,  and  with  a  more  than  usually  commanding  presence,  due 
to  countenance  and  character  rather  than  to  build,  never  could  have 
been  a  very  strong  man ;  and  all  this  anecdote  of  a  boy  of  sixteen 
throwing  a  twenty-eight  pound  sledge,  and  excelling  in  lifting  anvils, 
&c,  &c,  must  be  nearly  if  not  purely  fabulous. 

Few  men  of  more  than  average  mental  power,  and  of  a  fine  nervous 
temperament  (both  of  which  were  possessed  by  Stephenson),  even  when 
blessed  with  hereditary  good  constitutions,  have  been  found  also  to 
excel  in  muscular  power  and  gymnastic  ability.  We  can  scarcely  call 
to  mind  one  except  the  late  Professor  Wilson,  of  Edinburgh.  It  would 
not  be  worth  while  discussing  this  minor  matter,  perhaps,  but  that  it 
affords  a  sort  of  test-sample  of  biographical  reliability. 

We  must  confess  also  to  some  misgivings  as  to  the  credence  due  to 
the  "  good  story  told  of  the  hempy  boy  who  dearly  loved  mischief," 
as  to  his  enormous  kite  reined  in  with  copper-wire,  wherewith  he  is 
said  to  have  brought  down  a  smart  dose  of  electricity  upon  the  tail  of 
his  neighbour's  cows,  &c. — (p.  44).  Those  who  know  how  very  seldom  a 
large  kite  with  a  wetted  hemp  string  (then  quite  in  the  conducting  con- 
dition of  the  copper-wire)  shows  any  sign  whatever  of  atmospheric 
electricit}',  and  how  formidable  and  unmanageable  such  manifestations 
become  when  the  air  is  in  the  thunderous  condition  to  produce  them  at 
all — who  remember  how  Solokow,  the  engraver  of  the  emperor  of 
Russia,  was  killed,  and  Franklin's  own  account  of  his  first  kite-flying — 
will  entertain  strong  doubts  as  to  whether  this  "  good  story "  have 
firmer  foundation  than  many  of  the  Joe  Miller  genus. 

We  return  to  George  Stephenson,  however.  While  he  was  laying 
down  the  last  rails  of  the  Hetton  Colliery  Railway,  "  he  was  busy  in 
constructing  for  Messrs.  Losh,  Wilson,  and  Bell,  a  pumping  engine,  of 
hitherto  unusual  dimensions,  known  as  the  Friars'  Goose  Engine,  which 
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aided  in  winning  the  famous  Woodside  coals.  It  commenced  pumping 
in  1823,  and  speedily  became  famous  throughout  the  Northumbrian  coal 
district."  "  The  increase  of  reputation  which  the  engineer  gained  by 
this  achievement  was  of  great  service  to  bim."  This  pumping  engine 
had  a  72§  inch  cylinder,  and  9  feet  stroke,  and  worked  three  sets  of 
16i  inch  pumps,  of  about  50  fathoms  length. 

It  is  possible,  though  not  even  remotely  probable,  that  the  working 
drawings  for  this  by  no  means  very  remarkable  pumping  engine,  even 
for  that  day,  were  made  under  George  Stephenson's  immediate  and  sole 
directions,  although  by  the  draughtsmen  and  in  the  drawing-shops  of 
the  Walker  Works.  This,  however,  is  nowhere  affirmed,  and  though 
Mr.  Losh,  himself,  has  been  asked  for  the  dimensions  of  the  engine, 
these  are  dryly  given  by  him  without  affording  any  insight  as  to  what 
part,  if  any,  George  Stephenson  had  in  its  construction. 

There  is  hence  not  a  tittle  of  evidence  to  sustain  the  bare  assertion — 
that  he  constructed  for  Losh,  Wilson,  and  Bell,  this  engine ;  and, 
remembering  what  we  have  already  learnt,  that  George  Stephenson's 
engagement  was  to  go  over  to  Walker  as  an  occasional  consultant  two 
days  a  week  only,  and  that  the  Walker  Foundry  had,  long  before  his 
connection  with  it,  an  established  trade,  and  an  efficient  staff,  tools,  and 
workmen,  &c,  of  its  own — it  appears  much  the  more  probable  case 
that  all  that  Stephenson  had  to  do  with  this  engine  was  to  be  occa- 
sionally consulted  as  to  its  arrangements,  or  those  of  the  pit-work  con- 
nected with  it,  and  has  no  proper  title  to  be  set  forth  as  its  constructor. 
From  our  insight  of  George's  general  character,  we  cannot  entertain  a 
doubt  that  he  fully  realized  all  the  capital  that  could  be  made  out  of 
the  affair,  and  that  "  the  achievement  was  of  great  service  to  bim." 
The  narration  altogether  leaves  an  uneasy  sense  of  doubt  upon  our 
mind,  and  suggests,  in  common  with  many  other  passages  of  the  work, 
an  ever-watchful  foregone  resolve  to  translate  into  honour  and  glory 
for  its  heroes  everything  with  which  either  of  them  was,  however 
remotely  or  indirectly,  concerned. 

This  year  (1821)  brought  George  Stephenson  into  communication  with 
the  two  Jameses,  who  were  remarkable  amongst  the  earlier  apostles  of 
railways  and  improvers  of  steam  locomotion,  and  amongst  the  earliest 
who  proposed  to  increase  the  boiler  surface  by  tubular  arrangements — 
the  tubes  being  water  not  fire  tubes.  In  April  of  this  year  the  Stockton 
and  Darlington  Railway  Act  was  passed.  George  Stephenson,  by  the 
help  of  Mr.  Nicholas  Wood,  solicited  and  obtained  from  Mr.  Edward 
Pease,  the  chief  proprietor,  the  job  of  making  the  railroad.  In  the 
autumn  he  commenced,  with  the  help  of  Mr.  John  Dixon,  the  survey, 
and  Robert  Stephenson,  "  a  slight,  spare,  bronzed  boy,"  was  withdrawn 
from  the  pit-viewer's  occupation,  and  brought  out  with  the  surveying 
party  to  their  "  more  healthful  occupation."  This  was  Robert  Stephen- 
son's first  initiation  into  railway  work.  It  cannot  be  supposed  that  at 
this  early  period  his  own  knowledge  enabled  him  to  render  more  assist- 
ance to  his  father  and  Mr.  Dixon  (who  was  the  really  responsible 
surveyor)  than  any  other  very  intelligent  but  wholly  inexperienced  lad. 
When  the  survey  was  complete,  however,  and  plotted,  by  George's  parti- 
cular direction  Robert's  name  was  put  upon  the  plans  as  "  the  engineer," 
and  no  mention  made  of  the  father.  "  A  more  affecting  instance  of 
paternal  devotion  it  would  be  difficult  to  imagine,"  Mr.  Jeaffreson 
pathetically  adds.  That  a  strong  natural  and  mutual  affection  did  exist 
between  father  and  son  admits  of  no  doubt ;  but  we  are  pretty  certain 
that  it  was  not  the  only  motive,  if  the  motive  at  all,  that  determined 
this  somewhat  singular  act.  George  Stephenson  was  not  only  a  wide- 
awake, but  a  far-seeing  and  acutely-judging  man.  He  at  this  time, 
no  doubt,  felt  that  his  own  want  of  education  greatly  interfered  with 
his  capability  in  negotiations,  and  that  his  son's  better  acquirements 
could  best  be  employed  as  capital  by  putting  him  thus  forward.  The 
father  also,  no  doubt,  more  or  less  dimly  saw  even  then  that,  while  his 
own  career  must  be  circumscribed,  a  new  and  wider  path  were  best 
marked  out  for  his  son,  and  that  in  giving  him  this  position  with  its 
attendant  £300  a  year,  he  proposed  in  fact  to  give  his  son,  now  nearly 
of  age,  his  first  start  in  life.  Perhaps,  also,  there  were  circumstances 
which  do  not  appear,  but  which  often  happen  in  like  cases,  that  made 
it  impolitic  for  George  Stephenson  himself  that  his  own  name  should 
be  put  most  prominently  forward. 

Robert's  scholastic  education  at  this  time  was  far  from  good.  His 
father  gave  him  leave  of  absence  for  some  weeks,  and  some  money,  to 
make  a  visit  to  London — an  excellent  bit  of  education  in  its  way — and 
from  the  diary  partially  kept  by  the  young  man  we  find  he  could  not 
even  yet  spell  quite  correctly. 
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Soon  after  his  return  from  London,  George — who,  though  as  far  as 
money  went  he  could  have  well  afforded  to  have  sent  his  son  to  Cam- 
bridge, had  no  wish  to  "  make  him  a  gentleman,"  but  that  he  should 
"  wark,  wark,  as  his  father  had  warked  afore  him" — consented,  at  the 
persuasion  of  "  several  gentlemen  with  whom  he  came  in  contact,"  to 
permit  Robert  to  reside  in  Edinburgh  "  for  one  term,"  and  attend  the 
classes  of  the  university  there — for  something  less  than  six  months,  and 
at  the  expense  of  a  comparatively  small  sum. 

A  very  fair  and  graphic  account  is  given  by  Mr.  Jeaffreson  of  this 
brief  epoch  of  scholarly  life — the  only  one  that  Robert  Stephenson  ever 
enjoyed,  and  of  which  he  manifestly  strove  with  all  his  powers  to  reap  the 
full  advantage,  slight  though  that  opportunity  obviously  was.  From  Mr. 
Jeaffreson's  narrative  we  are  enabled  to  see  the  ludicrous  pomposity 
of  fable  with  which  Mr.  Smiles  has  transformed  this,  in  reality,  poor 
opportunity  of  acquiring  knowledge  given  to  Robert,  into  a  tableau  of 
a  great  university  career,  ending  in  something  like  a  wranglership  or 
first-prizeman's  station.  The  foundation  for  this  last  bit  of  the  trans- 
formation scene  is  simply  that  Robert,  as  he  modestly  says  in  one  of 
his  letters  homewards,  "  was  fortunate  in  winning  a  prize  in  the  natural 
philosophy  class  for  some  mathematical  questions  given  by  Professor 
Leslie  relative  to  various  branches  of  natural  philosophy." 

The  bent  of  Robert  Stephenson's  mind,  so  much  like  his  father's,  is 
pretty  clearly  indicated  by  some  of  his  letters  written  home  at  this  time. 
lie  was  eager  and  diligent  in  the  pursuit  of  knowledge,  but  of  such  know- 
ledge as  was  convertible  into  money,  or  money's  worth.  Of  the  delight 
of  the  pursuit  of  truth,  because  it  is  truth,  and  is  the  way  to  other  and 
higher  truth  still,  lie  had  not  now  (nor,  we  think,  at  any  period  of  his 
life)  any  conception ;  his  mind  was  not  by  nature  of  the  philosophic 
mould.  Knowledge  was  good  in  his  eyes,  as  in  those  of  his  father; 
but  it  was  not  because  her  paths  are  of  the  eternities,  but  because 
"  in  her  right  hand  are  riches  and  honour."  Thus  we  find  him  writing 
to  his  father — "  Mr.  Jameson's  lectures  have  hitherto  been  confined 
chiefly  to  zoology — a  part  of  natural  history  which  I  cannot  say  I  am 
enraptured  with,  nor  can  I  infer  from  many  of  his  lectures  any  ultimate 
benefit,  unless  to  satisfy  the  curiosity  of  man.  Natural  historians 
spend  a  great  deal  of  time  in  inquiring  whether  Adam  was  a  black  or 
a  white  man.  Now,  I  really  cannot  see  what  better  we  should  be  if 
we  could  even  determine  this  with  satisfaction,"  &c.  Here  is  the 
genuine  utilitarian  temperament ;  whoever  possesses  which,  strong  by 
nature,  whatever  he  may  do  great  or  remarkable  in  applying  to  prac- 
tical purposes  the  discoveries  of  others,  will  never  be  distinguished  as 
a  discoverer  of  principles,  nor  be  amongst  that  nobler  company  who 
have  enlarged  the  knowledge  of  mankind. 

The  feeling  in  the  elder  Stephenson  is  unconsciously,  but  forcibly 
put,  by  the  concluding  sentence  of  a  letter  (p.  GO)  to  his  friend,  Mr. 
Locke — "  I  have  found  a  great  want  of  education  myself,  but  fortune 
has  made  amends  for  that  want." 

Robert  Stephenson's  return  from  Edinburgh,  where  he  first  made  the 
acquaintance  of  Mr.  George  P.  Bidder,  which  ripened  into  a  friendship 
and  mutual  alliance,  offensive  and  defensive,  lasting  through  life,  was 
the  conclusion  of  his  Westmoor  life.  His  father  left  Long  Benton  to 
attend  to  the  Stockton  and  Darlington  line  and  various  other  smaller 
matters  that  he  seems  to  have  been  engaged  in,  and  Robert  accom- 
panied his  father  as  an  assistant  on  that  line,  notwithstanding  that  his 
name  had  been  put  upon  the  plans  "  as  engineer." 

George  had  some  time  before  commenced  the  engine-making  shops 
at  Newcastle,  and  Robert  was  placed  in  their  partial  management; 
and  at  this  time,  and  for  long  afterwards,  these  works  seem  not  to 
have  paid.  Their  origination  seems  to  have  sprung  from  George's 
rupture  with  Mr.  Losh,  whose  patent  cast-iron  rails  he  wisely  refused 
to  employ  on  the  Stockton  line,  deeming  wrought-iron  the  proper 
thing,  which  Losh  resented  as  "  very  ungrateful." 
(To  he  continued.) 


CORRESPONDENCE. 


We  do  not  hold  ourselves  responsible  for  the  views  or  statements  of  our 
Correspondents. 


NEW   SYSTEM   OF   PROPELLING   SMALL   BOATS. 

(To  the  Editor  of  the  Practical  ^feckanic,s  Journal.^) 
Sir, — I  beg  to  bring  under  the  consideration  of  your  readers  a  new  system, 
which  I  propose  to  bring  into  use,  for  propelling  ordinary  (small)  boits,  at  present 


wrought  by  means  of  oars,  which,  to  my  thinking,  is  a  very  clumsy  and  incon- 
venient system. 

I  shall  first  endeavour  to  explain  the  new  principle  upon  which  I  mean  to  have 
boats  propelled,  and  afterwards  show  the  many  disadvantages  connected  with  the 
present  system  of  working  boats  by  oars. 

I  propose,  then,  to  have  a  small  paddle  attached  to  each  side  of  the  boat,  and 
wrought  by  means  of  a  crank  by  the  man  in  the  boat — something  on  the  same 
principle  as  a  fanner  is  driven  by  a  handle  or  crank.  The  paddle  will  be  of  dimen- 
sions in  accordance  with  the  size  of  the  boat.  A  rise  on  each  side  of  the  boat 
where  the  paddle  is  to  be  placed  must  be  made,  in  order  to  give  sufficient  and 
agreeable  space  to  turn  the  handle  or  crank;  the  handle  to  be  placed  inside  the 
boat,  so  that  one  man  or  two  can  propel  the  boat,  as  the  case  may  require.  If  the 
boat  be  very  long,  other  two  paddles  can  be  placed  farther  forward  on  the  same 
principle. 

Many  improvements,  I  have  no  doubt,  will  fall  to  be  adopted  after  the  first 
specimen  has  been  made;  but  it  is  the  principle  I  wish  to  have  introduced  in  the 
meantime. 

The  first  advantage,  then,  of  these  paddles  will  be,  that  the  man  working  the 
boat  will  be  always  facing  the  bow  and  also  his  destination ;  whereas  in  the  present 
system  he  has  continually  to  be  turning  round  from  his  position  to  see  whether  he 
be  steering  in  the  right  direction. 

The  next  advantage  will  be  that  the  speed,  if  not  increased,  will  at  least  bo 
equal  to  that  with  oars,  and  the  boat  will  be  much  more  easily  at  command; 
besides,  there  will  be  a  continual  locomotion,  instead  of,  as  at  present,  the  power 
of  one  stroke  by  the  oar  being  almost  exhausted  before  another  can  be  taken. 

The  next  advantage  will  be  that  this  new  system  will  admit  of  the  boat  being 
taken  through  narrow  channels,  or  in  beneath  bridges,  such  as  under  a  canal 
bridge,  without  in  the  least  stopping  the  speed  of  the  boat;  whereas  under  the 
present  system  the  oars  must  be  taken  off  on  the  boat  nearing  places  of  the  above 
description,  and  the  boat  pushed  through  in  the  best  way  possible. 

The  adoption  of  such  a  system  would,  in  my  opinion,  be  of  the  greatest  import- 
ance, especially  in  crowded  rivers  such  as  the  Thames  and  Clyde,  where  convenience 
would  be  more  an  object  than  great  speed,  and  where  every  available  space  is  of 
consequence. 

The  next  advantage  is  that  the  work,  it  is  believed,  will  be  much  easier,  and  a 
helm  can  be  either  used  or  not,  as  at  present.  With  oars  one  cannot  always 
depend  on  making  a  sure  stroke,  and  thus  the  progress  of  the  boat  is  often, 
retarded ;  but  under  the  new  system  the  propulsion  is  always  sure  so  long  as  the 
man  continues  to  turn  the  handle,  and  the  boat  can  be  backed,  stopped,  or  turned 
round  with  ease. 

In  cases  where  the  boat  may  be  heavily  laden,  or  the  opposite,  the  paddles  can 
be  placed  to  suit  these  circumstances  by  means  of  slip  bushes  where  the  axles  of 
the  paddles  turn. 

Indeed  the  present  system  of  oaring  appears  to  me  to  call  for  some  improvement, 
as  it  is  a  very  unsatisfactory  and,  in  many  respects,  a  very  inconvenient  system. 

Should  objections  arise  as  to  the  cost  of  this  new  system,  I  am  pretty  well 
satisfied  that  the  improvement  will  more  than  repay  any  additional  expense  that 
may  be  incurred. — I  am,  Sir,  yours,  &c, 

Edinburgh,  March,  1865.  D.  S. 

[The  proposition  in  the  above  letter  is  very  old.  If  the  writer  will  but  visit 
some  of  the  rivers  in  the  south-western  counties  of  England,  he  will  find  :hat  it 
has  been  in  use  there  for  a  considerable  period.  Although  some  of  the  improve- 
ments alluded  to  in  our  correspon dent's  letter  are  correct,  still  it  is  difficult  to 
conceive  how  the  boat  is  to  be  propelled  easier,  when  the  same  amount  of  mechanical 
effort  must  be  applied  to  produce  an  equivalent  rate  of  progress.] 


PROCEEDINGS   OF   SCIENTIFIC   SOCIETIES. 


ROYAL  GEOLOGICAL  SOCIETY  OF  IRELAND. 

The  annual  meeting  of  this  society,  for  the  election  of  the  president  and  council 
for  the  ensuing  year,  was  held  on  the  14th  February,  1865,  in  the  Museum  Build- 
ings, Trinity  College.  The  chair  was  taken  by  the  Rev.  Dr.  Haughton,  F.T.C. 
The  annual  report  was  read  by  Mr.  R.  H.  Scott,  one  of  the  honorary  secretaries: — 
"  In  this,  the  first  annual  report  of  the  society,  since  it  has  by  the  Queen's  letter 
received  the  title  of  '  Royal,'  the  council  cannot  but  congratulate  the  Fellows  most 
heartily  on  the  improved  position  of  their  body.  The  number  of  Fellows  shows  an 
increase  of  five  above  the  number  of  members  on  the  list  of  the  Geological  Society  of 
Dublin,  on  the  31st  of  January,  1864.  Thirteen  Fellows  have  been  elected  since  that 
date,  while  the  losses  from  various  causes  have  amounted  to  eight.  We  have  to 
lament  the  loss  of  two  (Major-general  Portlock  and  Dr.  J.  Kennedy  Baillie)  by  death. 
Major-general  Portlock  was  one  of  the  original  members  of  the  Geological  Society  of 
Dublin,  and  a  paper  from  his  pen  '  On  the  Study  of  Geology  in  Ireland  '  commences 
the  Journal  of  the  society.  He  was  at  one  time  attached  to  the  Ordnance  Survey  of 
Ireland,  in  which  important  service  he  spent  nineteen  of  the  most  active  years  of  his 
life,  being  on  duty  in  Ireland  from  1824  to  1843.  The  first  operations  in  which  he 
was  engaged  were  those  connected  with  the  triangulation  of  the  island,  a  duty  which 
entailed  at  times  prolonged  residence  under  canvas,  at  great  heights  above  the  sea,  and 
which  he  successfully  completed.  It  would  hardly  come  within  our  limits  to  give  a 
detailed  account  of  his  services  in  this  department,  and  for  this  we  must  refer  to 
the  able  memoir  which  was  published  by  his  friend,  the  present  Under-secretary 
for  Ireland.  When  the  Ordnance  Survey  was  first  established,  it  was  intended  to 
include  in  the  duties  of  the  officers  of  that  department  a  full  inquiry  into  the  geo- 
logy, natural  history,  and  archaeology  of  the  district  surveyed;  but  the  preliminary 
labours  necessary  for  establishing  the  work  on  a  proper  footing,  engrossed  the  entire 
attention  of  the  officers,  and  it  was  not  until  1832  (to  use  the  words  of  Major- 
general  Larcom's  Memoir)  that  l  it  was  proposed  to  compile  at  the  head-quarters  in 
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Dublin,  a  descriptive  memoir,  to  be  carried  on  in  part  by  the  co-operation  in  the 
field  of  a  new  department,  at  that  time  formed  under  Captain  Dawson,  an  accomplished 
officer,  for  the  execution  of  the  general  map,  that  is,  the  map  on  the  one-inch  scale, 
like  the  map  of  England,  which  was  a  sequel  to  the  detailed  survey  from  which  its 
outline  was  to  be  reduced.  In  this  effort,  Portlock,  having  completed  the  great 
tiiangulatkm,  was  enabled  also  to  co-operate,  and  undertook  the  geology  and  pro- 
ductive economy.  He  entered  into  it,  as  usual,  with  thorough  earnestness.  In  his 
own  words,  after  describing  the  original  arrangements,  and  their  suspension  from 
the  more  urgent  necessity  for  the  maps,  he  says: — 'Geology,  in  fact,  had  been 
jermitted,  but  not  commanded;'  and  even  when  he  was  himself  appointed  to  the 
charge,  he  l  had  no  power  to  enjoin  a  general  geological  inquiry.'  In  1834,  how- 
ever, he  was  enabled  to  engage  '  competent  assistants  in  the  various  branches,' 
and  in  1837  formed  a  geological  and  statistical  office,  a  museum  for  geological  and 
zoological  specimens,  and  a  laboratory  for  the  examination  of  soils.  It  is  only  from 
this  time  that  the  geological  branch  of  the  Irish  survey,  in  its  enlarged  form,  can 
be  said  to  have  begun  as  an  organized  work.  In  the  prosecution  of  these  duties  he 
discovered  and  described,  in  1837,  the  trilobites  and  other  fossils  which  occur  in 
the  neighbourhood  of  Pomeroy,  county  Tyrone,  and  thereby  established  the  identity 
of  the  strata  containing  them  with  the  lower  Silurian  beds  of  England  and  Wales, 
which  had  then  been  recently  brought  into  notice  by  Sir  R.  Murchison  and  Professor 
Sed-ewick.  His  work  '  On  the  Geology  of  Londonderry,  and  of  Parts  of  Tyrone  and 
Fermanagh,'  remains  the  standard  book  on  the  subject,  and  is  a  monument  of  the 
clearness  of  description  and  the  painstaking  accuracy  of  observation  for  which  its 
author  was  so  deservedly  remarkable.  The  expense  necessarily  attending  the  pub- 
lication of  such  a  memoir  as  that  originally  contemplated  was  so  great,  that  only 
one  volume,  entitled  'Memoir  of  the  City  and  North- We  stern  Liberties  of  London- 
derry,' was  published,  aDd  in  1838  Portlock  was  ordered  to  draw  his  geological 
work  to  a  close,  which  he  accordingly  did,  publishing  in  1843  his  work  on  the 
geology  of  Londonderry,  which  we  have  before  referred  to.  At  this  period  his 
official  connection  with  the  survey  ceased,  and  he  returned  to  the  ordinary  duties 
of  the  corps  of  Royal  Engineers.  The  contributions  made  by  General  Portlock 
to  our  Journal  were  both  numerous  and  important,  extending  over  the  first  twenty 
years  of  the  existence  of  the  society.  He  was  president,  on  two  occasions,  for  a 
period  of  two  years  at  each  time — viz.,  in  the  years  1838,  1839,  1851,  and  1852. 
His  addresses  were  uniformly  characterized  by  the  exhaustive  manner  in  which  he 
discussed  the  broad  principles  on  which  our  science  was  based,  as  well  as  the  vari- 
ous discoveries  which  were  from  time  to  time  brought  before  the  geological  public 
at  the  meetings  of  this  society  and  elsewhere.  General  Portlock  entered  with  great 
zeal  into  the  development  of  other  departments  of  natural  history,  and  was  one  of 
the  original  founders  of  the  Royal  Zoological  Society  of  Ireland,  of  which  body  he 
was  at  an  early  period  elected  to  fill  the  presidential  chair.  Dr.  J.  Kennedy  Baillie 
was  also  for  many  years  a  member  of  the  Geological  Society  of  Dublin.  He  was 
at  one  time  a  Junior  Fellow  of  Trinity  College,  and  was  appointed  by  the  Board  of 
the  College  to  the  rector}'  of  Ardtrea.  The  branches  of  science  m  which  he  spe- 
cially distinguished  himself  were  classical  philology  and  archaeology.  As  regards 
the  former,  his  two  editions  of  the  'Iliad  of  Homer'  sufficiently  attest  his  scholar- 
ship and  ability,  while  he  gave  evidence  of  the  latter  by  his  papers,  printed  in  the 
Transactions  of  the  Koyal  Irish  Academy.  He  also  published  some  '  Lectures  on 
the  Philosophy  of  the  Mosaic  Record  of  Creation.'  The  society  has  also  to  lament 
the  loss  of  their  late  assistant-secretary,  Mr.  George  Blackwood.  He  had  filled 
the  office  for  a  period  of  seven  years,  where  his  uniform  attention  to  the  special 
duties  of  his  situation,  and  to  the  affairs  of  the  society  in  general,  have  rendered 
his  loss  one  not  easily  replaced.  Your  council  have  elected  Mr.  W.  J.  Galbraith  to 
the  vacant  office,  and  they  hope  that  this  appointment  will  give  satisfaction  to  the 
society  in  general.  During  the  session  which  has  just  elapsed,  several  papers  of 
interest  have  been  read  at  our  meetings.  In  March  we  had  two  short  papers  on 
granite,  Mr.  Medlicott  sending  us  a  notice  of  a  thin  granite  vein  which  traverses 
limestone  at  Sungrumpoor,  in  India,  and  summing  up  the  result  of  his  investigation 
in  the  following  words: — 'The  inevitable  conclusion,  from  all  the  circumstances, 
appears  to  me  to  be,  that  this  thin  fibre  of  true  granite  was  introduced  last  of  all, 
subsequent  to  the  desiccation  of  the  limestone,  and  by  means  of  free  solution, 
aqueous  or  vaporous,  at  a  low  temperature.1  Mr.  Montgomery  gave  us  a  brief 
notice  of  a  new  locality  for  the  occurrence  of  fragments  of  granite  in  limestone  in 
the  neighbourhood  of  Dublin.  The  papers  relating  to  palaeontology  have  presented 
several  points  of  interest,  especially  as  regards  the  structure  of  the  Echinodermata 
of  the  carboniferous  formation.  Mr.  Joseph  Wright,  of  Cork,  so  well  known  for 
his  researches  among  the  carboniferous  fossils,  laid  before  us  a  notice  of  a  specimen 
of  Palaechinus  ellipticus,  from  Middleton,  county  Cork,  which  was  remarkable  for 
possessing  only  four  rows  of  interambulacral  plates.  From  this  peculiarity  its  dis- 
coverer proposed  to  consider  it  as  a  variety  of  the  ordinary  structure  of  the  species, 
and  to  name  it  P  ellipticus  var  quadriserialis. 

"  This  paper  was  followed  by  a  very  elaborate  one  by  Mr.  Baily,  '  On  some  New 
Points  in  the  Structure  of  Palaechinus,'  which,  as  well  as  Mr.  Wright's  paper,  were 
illustrated  by  some  beautifully  executed  drawings  from  the  pencil  of  Mr.  Baily. 
The  chief  points  to  which  Mr.  Baily  drew  attention  were  the  structure  and  arrange- 
ment of  the  plates  composing  the  apical  disc,  as  compared  with  those  of  the  recent 
echinus,  and  also  the  minute  spines  which  Mr.  Baily  noticed  on  a  specimen  of  P. 
e'.egans,  from  Hook  Head,  in  the  collection  of  the  Geological  Survey.  These 
spikes,  although  less  than  one-tenth  of  an  inch  in  length,  were  found,  when 
examined  with  the  microscope,  to  be  delicately  striated.  Mr.  Baily  considered  the 
peculiarity  to  which  Mr.  Wright  had  drawn  attention  in  his  paper  to  be  a  character 
hardly  sufficient  for  a  basis  of  specific  distinction.  These  papers  were  followed  in 
April  by  a  communication  from  Mr.  Harte,  on  a  new  Echinoderm,  from  the  yellow 
.s;m<Utone  of  Donegal,  the  same  formation  which  has  of  late  yielded  so  many  inter- 
<v-tn^  specimens  to  the  same  observer.  The  fossil  in  question,  which  was  presented 
by  its  discoverer  to  the  society,  proved  to  be  a  cast  of  the  upper  portion  of  a  species 
resembling  Archseocidaris,  of  which  genus,  previous  to  Mr.  Harte's  discovery, 
nothing  but  detached  plates  and  spines  had  ever  been  discovered.  The  specimen 
was  in  very  good  preservation,  and  presented,  among  other  peculiarities,  the  very 
interesting  one,  that  while  in  the  recent  Cidaridae  all  the  plates  are  tubercled,  in 
the  sjeeimen  found  by  Mr.  Harte   the  tubercles  only  appear  on  certain  of  the 


interambulacral  plates,  arranged  in  concentric  circles  round  the  apex  as  a  centre. 
In  May  Mr.  Macalister  described  a  specimen  of  Ulodendron,  obtained  by  him  near 
Glasgow,  on  which  were  exposed  two  different  surfaces  of  the  thin  cortical  lamella, 
exhibiting  different  markings,  and  illustrating  the  degree  of  caution  which  is  neces- 
sary in  describing  new  species.  Mr.  Doyle  gave  an  account  of  the  discovery  of 
knorria  in  the  lower  carboniferous  limestone  of  the  county  Kildare,  and  when  the 
society  reassembled  in  November,  after  the  vacation,  Mr.  John  Kelly  gave  us  a 
paper  '  On  the  Doctrine  of  Characteristic  Fossils,'  in  which  he  expressed  his  opinion 
that  this  doctrine  usually  received  more  attention  than  it  deserved,  stating  that  the 
silurian  fossils  in  the  neighbourhood  of  Galway  do  not  occur  in  zones,  according  to 
the  age  and  succession  of  the  different  bands  of  rock.  Mr.  Kelly  contended  that 
part  of  the  Devonian  fossils  is  common  to  both  the  adjacent  systems,  and  concluded 
his  paper  by  showing,  from  a  list  of  the  fossils  stated  by  some  writers  to  be  charac- 
teristic of  the  Devonian  system,  that  they  occur  in  great  numbers  on  the  one  hand 
in  the  carboniferous  limestone,  and  on  the  other  in  the  silurian  strata.  In  the 
branch  of  Descriptive  Geology  the  papers  presented  some  features  of  great  interest. 
In  May,  Mr.  Close  read  a  paper  'On  the  General  Glaciation  of  the  Rocks  in  the 
Vicinity  of  Dublin,'  in  which  he  described,  with  great  accuracy,  the  directions  of 
the  striations  and  scratches  which  he  observed  on  the  rocks  in  the  neighbourhood. 
He  gave  reasons  for  concluding  that  the  agent  was  not  floating,  but  land  or  glacier 
ice.  He  also  called  attention  to  the  ridging  and  furrowing  of  the  country  lying  to 
the  N.  and  N.W.  of  Dublin,  showing  that  the  directions  of  these  ridges  and  of  the 
rock  scorings  coincide,  and  inferring  therefrom  that  the  current  in  the  universal 
glacier  as  it  advanced  from  the  W.N.W.,  divided  near  Maynooth;  one  portion  turn- 
ing sharply  to  the  right  and  flowing  towards  the  W.S.W.,  while  the  other  continued 
its  course  straight  onwards.  This  latter  ultimately  swept  round  the  northern  end 
of  the  Dublin  and  Wicklow  mountains,  assuming  a  course  which  became  gradually 
more  and  more  southerly,  and  conformed  pretty  nearly  to  the  present  coast-line. 
He  then  showed  that  the  stream  flowed  over  the  tops  of  Shankill,  Bray  Head,  and 
Little  Sugarloaf,  the  last  named  summit  being  at  an  elevation  of  1120  feet  above 
the  sea  level.  He  attributed  the  rounding  of  the  mountains  to  the  denuding  influ- 
ence of  the  ice,  and  gave  his  reasons  for  showing  that  besides  affecting  perceptibly 
the  contours  of  several  of  the  mountains,  the  ice  had  excavated  the  Scalp,  Glen  of 
the  Downs,  and  some  other  gaps  in  the  district.  He  showed  how  the  effect  of  such 
an  ice  stream  would  be  to  convey  the  boulders  from  the  Wicklow  granite  towards 
the  S.E.,  as  is  found  to  have  been  generally  the  case.  Mr.  Close's  paper,  with  its 
accompanying  map,  leaves  little  to  be  desired  as  to  the  accuracy  with  which  it 
records  observations  of  natural  phenomena,  which  are  hardly  noticeable  to  the 
unpractised  eye.  On  the  same  subject  Mr.  Ormsby  gave  a  paper,  being  an  account 
of  the  polished  appearance  presented  by  the  surface  of  the  limestone  in  certain  places 
near  Galway,  which  appears  to  have  been  produced  by  continued  friction,  while  Mr. 
Foot  recorded  the  removal  of  a  large  block  of  limestone  to  a  distance  of  fifty  yards 
in  Lough  Ree,  by  the  action  of  ice  during  the  severe  winter  of  1855.  In  June  Mr. 
Harte  brought  under  our  notice  some  points  relating  to  the  '  Physical  Features  of 
the  County  Donegal,'  more  particularly  relating  to  its  history  during  the  glacial 
period,  to  which  much  of  the  present  striking  scenery  of  the  country  is  due.  He 
first  described  the  mountain  ranges  and  the  different  valleys  and  glens  by  which 
these  are  intersected,  while  in  the  lower  ground  along  the  shore  of  the  bay  of  Done- 
gal, we  find  hills  of  yellow  sa'ndstone  and  arenaceous  limestone,  which  are  all  more 
or  less  ovate-shaped,  the  shorter  slopes  being  next  the  mountains,  and  bear  on  their 
flanks  the  peculiar  drift  of  the  mountains  towards  which  their  major  axes  pointed. 
The  traces  of  an  ancient  glacier  still  existed  in  the  Gap  of  Barnes  More.  Mr.  Harte 
expressed  his  conviction  that  the  eroding  action  of  the  ice  had  ceased  when  the  land 
had  attained  its  present  elevation  above  the  sea  level,  as  the  bottom  of  the  Atlantic 
is  proved  by  soundings  to  be  perfectly  level  for  a  distance  of  some  sixty  miles  off 
the  coast.  The  extent  of  previous  submergence  must  have  been  1300  feet  at  the 
least,  for  we  find  boulders  lying  at  that  level  above  the  sea.  Mr.  Harte  does  not 
believe  that  any  material  alteration  of  level  has  taken  place  within  a  recent  period, 
expressing  his  opinion  that  the  so-called  submerged  forests  had  been  originally 
growing  in  lagoons,  close  to  the  sea  level,  and  had  never  been  actually  submerged 
by  subsequent  sinking  of  the  level  of  the  land.  The  December  meeting  of  the 
society  was  occupied  by  a  paper  by  Professor  Haughton,  giving  an  account  of  a 
recent  visit  paid  by  him  to  the  islands  of  Mull  and  Skye,  in  which  he  gave  us  some 
interesting  information  relating  to  the  Tertiary  Leaf-beds  of  Ardteen  Head  and  the 
mineralogical  constitution  of  the  syenite  of  Loch  Scavaig,  in  Skye,  which  he  finds 
to  be  composed  of  Labradorite  and  augite,  and  accordingly  to  form  an  additional 
link  connecting  the  geology  of  the  metamorphic  rocks  of  the  west  of  Scotland  with 
that  of  the  Laurentian  system  of  Canada.  In  January  we  had  a  long  and  interest- 
ing discussion  on  the  subject  of  gold  and  gold  diggings,  which  was  introduced  by  a 
paper  from  Dr.  W.  Lauder  Lindsay,  '  On  the  Geology  of  the  New  Zealand  Gold 
Fields,'  followed  by  a  description  given  by  Mr.  Sanders  of  the  operations  at  present 
in  progress  in  the  Wicklow  gold  mine  district,  under  the  direction  of  the  Carysfort 
Mining  Company." 

The  Chairman  congratulated  the  society  upon  its  present  position  and  upou  the 
report  which  had  been  read.  The  older  members  of  the  society  could  recollect- 
when  it  was  but  a  struggling  one.  It  could  boast  of  thirty-four  or  thirty-five  years  of 
existence,  but  not  of  constant  prosperity;  but,  as  was  the  case  with  all  societies  and 
individuals  who  were  worth  anything,  its  struggles  had  only  tended  to  develop  its 
qualities.  Many  years  ago  its  meetings  used  to  be  held  in  the  Custom-house.  The 
famine  came  in  the  years  184G  and  1847,  and  they  were  turned  out  of  the  Custom- 
house. Then  they  were  afforded  comfortable  accommodation  within  the  walls  of 
Trinity  College.  He  believed  that  many  gentlemen  who  were  connected  with  the 
society  were  dissatisfied  with  that  move ;  but  ever)'  one  was  now  agreed  that  it  was 
a  great  step  in  advance,  and  a  great  benefit  to  the  society.  It  had  been  the  means 
of  founding  in  that  University  a  magnificent  geological  museum,  which  he  did  not 
think  would  have  existed  but  for  the  influence  of  that  society ;  and  also  of  exciting 
in  the  University  a  spirit  of  geological  research  of  which  they  could  not  foresee  the 
end.  They  were  now  the  Royal  Geological  Society  of  Ireland,  and  It  had  been  felt 
to  be  most  important  to  place  the  constitution  of  the  society  as  respected  its  presi- 
dents on  a  final  and  satisfactory  basis.  It  had  been  constantly  found  difficult  to 
find  presidents  year  after  year,  and  at  length  the  most  desirable  course  appeared  to 
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be  to  secure  a  permanent  president.  When  this  idea  was  mooted  it  became  mani- 
fest that  the  most  eligible  person  for  that  office  was  the  Earl  of  Enniskillen.  He 
had  many  claims  upon  public  notice  besides  those  with  which  they  had  as  a  society 
any  concern ;  but  as  a  geologist  they  had  no  hesitation  in  saying  that  he  was  the 
proper  person  to  represent  that  society.  He  possessed  the  most  valuable  private 
museum  that  any  gentleman  either  in  Ireland  or  England  possessed,  containing  a 
collection  that  would  be  a  credit  to  any  museum,  public  or  private;  and  it  was  well 
known  that  from  the  time  when  he  was  Lord  Cole,  and  even  from  his  boyhood, 
his  geological  tastes  were  known,  not  only  in  Ireland,  but  throughout  the  world. 
He  was,  therefore,  the  proper  person  to  be  the  president  of  a  society  which  aimed 
at  representing,  geologically,  the  whole  of  Ireland.  He  had  in  the  kindest  manner 
consented  by  letter  to  become  their  president,  as  soon  as  he  became  aware  of  the 
proposed  alteration  in  their  rules.  It  would  not  be  possible  for  him  to  attend  every 
meeting  of  the  society,  but  he  would  attend  as  often  as  possible,  and  he  would 
always  influentially  represent  the  interests  of  the  society.  According  to  the  new 
arrangement  it  was  intended  that  the  society  should  be  worked  by  its  vice-president, 
while  their  president  should  hold  his  place  perpetually,  and  this  he  believed  to  be 
the  true  view  of  their  position.  He  was  glad  to  find  that  the  sanction  of  the  society 
was  accorded  to  this  plan.      The  society  was  then  adjourned. 


INSTITUTION   OF    ENGINEERS   IN   SCOTLAND. 


ON  A  NEW  WATER  ENGINE.     By  Me.  C.  H.  L.  Fitzwiixiams. 

In  places  where  a  constant  supply  of  water  at  a  high  pressure  can  be  easily  obtained, 
as  is  the  case  in  most  large  towns,  small  water  engines,  for  driving  light  machinery 
not  constantly  in  use,  can  be  more  advantageously  used  than  small  steam  engines, 
to  perform  the  same  work ;  for  instance,  for  driving  organ  bellows,  small  turning 
lathes,  hair- brushing  machines,  &c.  By  the  simple  turning  of  a  tap  the  engine  is 
started,  and  the  same  tap  serves  also  to  regulate  the  speed  and  the  power  at  which 
the  engine  works. 


Fig.  1. 


The  cylinder  engine  and  the  turbine  are  the  only  engines  at  present  used  for  such 
purposes. 

I  have  the  honour  to  lay  before  you  a  drawing  of  a  water  engine  on  a  new  prin- 
ciple, which  I  hope  you  will  think  worthy  of  your  attention. 

In  the  drawings  before  you,  the  water  enters  the  engine  from  the  supply  pipe  at 
a,  presses  on  the  piston  at  n,  driving  it  round  to  c,  making  the  drum  m  take  the 
position  of  the  drum  N  as  shown  in  drawing;  the  shafts,  e  and  e',  being  geared 


Fig.  3. 


Fig.  4. 


teeth  of  the  wheels,  f  and  f",  are  stepped,  to  make  the  movements  of  the  two  shafts 
more  equal,     q  is  the  casing ;  h  is  the  cover. 

Three  years  ago  Professor  Weber  of  Gottingen,  in  one  of  his  lectures,  mentioned 
that  a  new  sort  of  air-pump  had  been  invented  by  a  man  of  the  name  of  Repsuld, 
in  Hamburg,  and  used  by  him  to  discover  leaks  in  the  system  of  gas-piping  laid 
down  in  that  town.  Weber  made  a  rough  sketch  of  the  machine,  and  explained 
its  theory,  showing  that  the  volume  of  the  air  passing  through  the  pump  during 
every  part  of  a  revolution  was  constant.  Now,  it  struck  me  at  the  time,  that  this 
machine  would  make  a  good  water  engine ;  for  if  it  was  worked  as  an  engine  it 
would  have  no  dead  points,  and  also  the  pressure  of  the  water  on  the  driving  piston 
would  be  constant  at  all  points  of  a  revolution.  When  I  considered  the  question 
more  fully,  I  found  that  my  supposition  was  quite  correct. 

In  my  design  of  an  engine  on  this  plan,  which  you  have  now  before  you,  the 
piston  surface  is  3'75  square  inches;  the  stroke,  or  its  equivalent  in  this  sort  of 
engine,  is  12-56  inches.  Supposing  the  machine  to  work  at  1000  revolutions  per 
minute,  the  piston  must  travel  1046*66  feet  per  minute;  if  the  pressure  is  40  lbs. 

per  square  inch,  the  total  work  done  by  the  water  ;s  40  *  3'?5  x  10J666 
11  J  33000 

=  4'75  h.p.  What  the  coefficient  of  efficiency  of  the  engine  is,  I  caunot  say;  it 
is  not  easy  to  calculate,  and  has  not  been  determined  practically.  That  of  a  well- 
constructed  turbine,  according  to  Rankine  and  Delauny,  is  '7.5;  though  Mr.  Schiele 
says  his  turbine  utilizes  '89  of  the  power  expended.  Sir  William  Armstrong  gets 
by  his  cylinder  engines  from  "66  to  "77  per  cent.  The  actual  power  of  the  engine 
would  be,  I  should  think,  somewhat  over  35  h.p.  If  the  fall  is  not  more  than  30 
feet,  it  cannot  matter  much  where  the  engine  is  placed  with  regard  to  it.  It  would 
be  just  as  efficient  if  it  were  placed  at  the  top  of  the  fall,  as  it  would  be  when  placed 
at  the  bottom. 

The  water  moves  through  the  engiue  in  one  solid  stream,  during  one  half  of  a 
revolution  down  one  side,  and  during  the  other  hall'  down  the  other.  A  compara- 
tively small  surface  of  the  water  comes  in  contact  with  the  sides  of  the  engine,  so 
the  friction  cannot  be  great  between  either  the  water  and  the  engine  itself,  or 

between  the  different  molecules  of  the  water. 
The  drums  ought  to  fit  as  well  as  possible, 
without  touching  each  other  or  the  casing. 

If  the  engine  has  work  to  do  of  an  irregu- 
lar nature,  the  stored  force  in  the  column  of 
water  in  the  supply  pipe  comes  into  play, 
and  acts  in  the  same  way  as  that  stored  in 
a  fly-wheel.  In  the  cylinder  engine  this 
same  latent  force  is  a  source  of  great  trouble 
and  waste.  Sir  W.  Armstrong  in  his  hy- 
draulic engine  has  recourse  to  relief  valves, 
in  the  valve  casing,  allowing  water  to  escape 
into  the  exhaust  when  the  pressure,  at  the 
turn  of  the  stroke,  gets  higher  than  the 
engine  can  bear  with  safety.  His  engine, 
when  this  happens,  is  said  to  "over-run" 
itself. 

A  small  rotary  water-pressure  engine  on 
this  plan  works  well  as  a  water-meter,  as 
the  same  quantity  of  water  must  be  used 
lor  each  revolution,   so  that  knowing  the 
number  of  revolutions  made,  the  quantity  of 
water  passed  through  the  machine  is  also 
known.     I  have  tried  this  model  as  a  meter, 
and  found  that  although  the  drums  do  not  fit  at  all  well,  it  allows  very  little  water 
to  run  through  it  unaccounted  for.      When  running  at  2208  revolutions  per  minute 
the  slip  was  1-21  per  cent.     The  pressure  on  the  water  was  about  6  lbs.  or  7  lbs. 
per  square  inch.     I  could  not  try  it  at  any  higher  speed,  as  the  cock  from  which  I 
got  the  water  was  very  small  and  could  not  supply  enough  to  drive  the  model  any 
quicker.     When  running  at  slower  speeds,  I  found  the  slip  to  be  relatively  greater, 
though  the  pressure  was  much  less.     At  first  sight  one  would  be  led  to  suppose 
that  the  higher  the  speed,  and  consequently  the  pressure,  the 
greater  would  be  the  slip;  but  this  is  not  the  case.    When  running 
at  a  very  high  speed  the  escape  between  the  drums  is  much 
diminished.     Directly  any  water  manages  to  get  between  them, 
it  is  thrown  back  again,  as  the  surfaces  of  the  drums,  between 
which  it  tries  to  pass,  are  moving  quickly  in  the  opposite  direc- 
tion.    The  engine  can  be  worked  as  a  pump  when  driven  by  a 
pulley  off  some  other  engine.     A  pump  made  on  this  plan  would 
possess  the  advantage  over  the  common  centrifugal  pump,  that  it 
can  work  at  quick  or  slow  speeds  with  equal  efficiency. 

This  principle  might  also,  I  think,  be  adopted  to  advantage 
in  the  construction  of  an  exhauster  in  a  gas-work,  to  facilitate 
the  transportation  of  the  gas  from  the  retorts  into  the  gas-hulder, 
as  it  can  run  at  a  very  high  speed  without  fear  of  its  getting  out  of 
order  and  breaking  down.  I  believe  a  good  machine  of  this  sort 
is  very  much  wanted. 

I  think  I  have  now  stated  the  principal  uses  to  winch  engines 
made  on  this  principle  may  be  applied,  and  hope  that  before  long 
I  may  have  the  pleasure  to  see  an  engine  constructed  after  my 
design  put  to  some  practical  use. 


together,  N  take*  the  position  of  m  as  shown  in  drawing,  after  the  first  hAc  revolu- 
tion ;  the  water  then  acts  on  c'  as  before  on  n,  the  driving  pressure  being  during 
one  half  of  a  revolution  on  the  one  shaft,  and  during  the  other  half  of  the  revolu- 
tion on  the  other.     The  water,  after  it  has  done  its  work,  is  discharged  at  D.     The 


Mr.  Fitz williams,  in  answer  to  a  question,  s.'id  that  the 
machine  would  work  with  steam ;  but  he  did  not  intend  it  to 
be  so  used,  as  it  could  not  be  worked  expansively,  and  also  the 
leakage  between  the  discs  would  be  considerable.  Water  was  the  best  motive  power 
to  apply  to  it. 

Professor  Rankine  said  this  was  a  very  ingenious  mode  of  using  water,  and 
it  would  be  well  if  further  experiments  were  made  with  it.     It  seemed  to  be  a  very 
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valuable  machine,  especially  where  economy  of  space  and  great  simplicity  were 
required.  He  admired  the  manner  in  which  the  two  discs  were  made  to  move  in 
opposite  directions,  in  order  to  prevent  the  water  slipping,  and  to  resist  leakage. 

Mr.  J.  M.  Gale  thought  that  if  the  machine  were  used  in  driving  anything  the 
slip  would  be  greatly  increased.  Whenever  it  had  to  meet  any  resistance  there 
would  be  a  pressure  against  the  projecting  parts  of  the  discs ;  and  the  water  would 
then  have  a  tendency  to  leak.  There  must  be  a  considerable  leakage  unless  the 
instrument  was  very  accurately  made.  He  believed  that  as  a  water-meter  it  would 
do  very  well.  There  was  one  advantage  in  it  over  other  meters,  that  while  with  a 
common  cylinder  meter  there  was  the  concussion  of  the  engine  every  time  the 
valves  were  charged,  and  the  turbine  had  to  be  worked  at  a  maximum  velocity  to 
have  a  maximum  effect,  this  machine  could  be  worlod  efficiently  at  any  velocity. 

Mr.  Downte  remarked  that,  as  an  exhauster,  a  similar  machine  had  been  in 
use  in  gas  works  for  about  25  years,  and  worked  very  well.  There  would  certainly 
be  great  difficulty  in  keeping  what  they  might  call  the  piston  tight  under  high 
pressure ;  for  if  it  were  made  tight  at  the  periphery  its  power  would  be  absorbed,  and 
if  it  were  made  to  run  freely  there  would  be  considerable  waste.  The  opposite  action 
of  the  discs  was  a  very  beautiful  arrangement,  but  he  agreed  with  Mr.  Gale  that  a 
considerable  quantity  of  water  would  escape  round  the  periphery  if  the  machine  was 
made  to  do  work. 

Mr.  J.  Elder  said  it  seemed  to  hint  that  with  over  2000  revolutions  per 
minute  they  must  expect  very  little  slip,  with  water  6  lbs.  pressure.  The  drums 
would  be  travelling  nearly  at  the  velocity  due  to  the  fall.  He  thought  that  if  used 
as  a  motive-power  engine  the  slip  would  be  considerable,  and  that  it  would  not  be 
an  economical  engine,  travelling  slow  with  a  great  head  of  water. 

Mr  Fitzwilliams  said  that  as  a  water-meter  he  thought  the  machine  could 
be  used  most  advantageously.  If  there  was  100  lbs.  pressure  m  the  supply  pipe, 
the  meter  would  run  at  7000  to  10,000  revolutions  per  minute,  at  which  speed 
there  could  be  little  or  no  slip  between  the  discs. 

Mr.  Ycle  remarked  that  in  working  the  engine  under  a  high  pressure,  friction 
would  be  very  great.  There  was  a  lateral  pressure  on  the  discs  creating  friction 
upou  the  axles  equal  to  the  sectional  area  of  the  discs,  and,  as  the  friction  increased 
in  proportion  to  the  pressure,  be  was  of  opinion  that  the  efficiency  would  be  very 
low  when  working  at  a  high  speed,  under  great  pressure;  and  that  the  friction 
would  soon  destroy  the  bearings. 

Dr.  Joule,  in  answer  to  a  question  by  Professor  Kankine,  said  that  he  had 
constructed  an  air-pump  on  the  principle  mentioned  by  Dr.  Rankine,  the  pistons 
of  which  were  10  inches  in  length,  and  two  inches  in  diameter,  and  which  were 
lubricated  by  oiL  They  fitted  quite  loosely  in  the  cylinders.  He  could,  when 
working  at  a  low  velocity,  obtain  a  pressure  of  15  atmospheres;  and  therefore  he 
was  of  opinion  that,  considering  the  space  through  which  the  water  would  have  to 
go,  there  might  be  comparatively  little  leakage. 

Professor  Raxkine  stated  that  the  result  of  Dr.  Joule's  experiments  led 
him  to  believe,  that  the  leakage  around  the  outside  of  the  revolving  discs  would 
not  be  very  great. 

Mr.  St.  J.  V.  Day  said  that  some  time  since  he  had  made  experiments  with 
reference  to  the  leakage  of  water  or  gas  where  pistons  did  not  fit  tightly,  and  found 
that  a  piston  two  inches  long,  barely  ftha  of  an  inch  in  diameter,  with  nearly  a 
f)4th  of  an  inch  clearance  between  it  and  the  cylinder,  moving  at  a  velocity  of,  he 
thought,  two  feet  in  li  seconds,  lubricated  with  oil>  there  was  no  appreciable 
leakage  at  all.  He  tried  with  a  piston  ^th  of  an  inch  in  diameter,  fitting  pretty 
close  to  a  gun-metal  ring,  and  he  found  that  as  much  air  was  compressed  with  the 
piston  working  in  oil  and  fitting  loosely  as  in  the  one  which  fitted  tightly. 


FORMULA  FOR  FINDING  THE  SIZE  OF  A  CYLINDRICAL  SEGMENT 
BALANCE  WEIGHT.    Br  Mb.  James  K.  Napieb. 

While  preparing  a  model  for  the  foundry,  of  a  fly-wheel  with  a  cylindrical  segment 

balance  weight,  whose  moment  from  the  centre  of  motion  was  to  be  equal  to  the 

sum  of  the  moments  of  the  weights 
fS  <(„        to  be  balanced,   I  discovered  that 

the  formula  for  arriving  at  the  size 
of  the  required  segment  was  of  very 
easy  application.  The  formula  is 
probably  well  known  to  many,  and 
mathematical  members  could  not 
miss  it,  if  such  a  problem  were 
proposed  to  them.  Its  application, 
however,  to  the  subject  of  balanc- 
ing wheels    is    so  simple,  that  I 

think  i  need  not  apologize  for  reproducing  it  and  showing  its  use. 

Let  r  be  the  radius  OA   OA',  &c. ;    w  the  weight  per  cubic  inch  of  the 

material  composing  the  cylinder;    t  the  thickness  of  the  material;     u  the  ratio 

iarc=A_B=A^;&c 
radios        O  A        O  A" 


Then  the  weight  of  such  a  segment,  =  i*3  (  0  —  cos.  0  sin.  0 )  wt* 

and  the  distance  of  its  centre  of  gravity  from  O  =  — r  s"1,    ^ 

3       II  —  cos.  0  sin. 

(See  Raxkixk's  Applied  Mec/umics,  page  Go.') 

The  moment  of  the  segment  with  regard  to  the  centre  O, 

2  sin.  3fl  „  ,  % 
=  —  r  —                  .        X  r*  (n— cos.  g    sin.  s)  wt. 

3  0  —  cos.    0  sin. 

2 
—  ---  r*  sin.  H  wt  =r  sum  of  the  moments  to  be  balanced. 


sum  of  the  moments  to  be  balanced. 


r3  sin.  36  =; 


-wt 


r  sin.    0 


\Ai 


sum  of  the  moments  to  be  balanced. 


wt 


Cut   »•  sin.  6  =  J  chord  of   the  arc,   =  AD,  A'  D',   &c,    and  is  a  constant 
quantity,  whatever  the  radius  may  be. 

Exami'LE.  If  the  sum  of  the  moments  from  the  centre  of  the  wheel  of  all 
the  weights  to  be  balanced  be  10,000  inch  lbs. : — then  |  chord  of  the  segment  of 
cast  iron  6  inches  thick,  which  will  balance  this,  will  be 


\3/lj  X  10000 
V     6  X  0-26 


vw=v 


9G15  =  21-2  inches. 


w,  the  weight  of  a  cubic  inch  of  cast-iron  being,  0'2G  lbs.  nearly. 

Professor  Kankine  said  that  by  the  aid  of  this  formula  a  counterpoise  having 
a  given  moment  might,  in  the  first  place,  be  designed  of  a  semicircular  shape,  which 
was  a  very  easy  process ;  and  then  supposing  the  radius  of  the  semicircle  be  incon- 
veniently small,  the  radius  might  be  increased  to  any  extent  required,  and  the  same 
moment  preserved,  simply  by  making  the  chord  of  the  segmental  counterpoise  equal 
to  the  diameter  of  the  semicircle.  The  same  formula  was  applicable  also  to  the 
stability  of  ships.  Suppose,  in  the  first  place,  the  immersed  cross  section  of  a  ship 
to  be  semicircular,  and  that  the  centre  of  gravity  was  at  the  centre  of  the  same 
circle,  such  a  shape  would  have  no  stability,  as  was  well  known.  Stability  might 
be  given  by  cutting  off  a  segment  at  the  bottom  of  the  semicircle,  so  as  to  make 
a  flat  floor,  and  the  moment  of  stability  would  be  equal  to  the  moment  of  that 
segment,  as  found  by  Mr.  Napier's  proposition. 


From  want  of  space,  we  are  this  month  compelled  to  omit  the  interesting  Report 
of  the  "  Steam  Boiler  Assurance  Company,"  a  full  notice  of  which  will  appear  in 
our  nest  issue. 


MONTHLY     NOTES. 


MARINE  MEMORANDA. 

Another  Iron-clad. — Instructions  have  been  received  at  Chatham  dockyard 
from  the  Admiralty  directing  the  construction  at  that  establishment  of  another 
large  iron-clad  frigate  of  the  improved  Belleropkon  class,  to  be  named  the  Bercules, 
the  building  of  which  will  be  commenced  as  soon  as  the  iron-clad  ships  Bellero- 
phon  and  Lord  Warden^  now  nearly  ready  for  launching,  are  sufficiently  advanced 
to  allow  of  the  required  number  of  hands  being  taken  off  them.  The  Hercules  is  to 
be  built  in  the  same  dock  in  which  the  Achilles  and  Bellerophon  were  constructed, 
the  latter  frigate,  which  will,  be  ready  for  floating  out  of  dock  during  the  ensuing 
month,  being  removed  into  one  of  the  smaller  vacant  docks  to  be  completed  for  sea. 
The  order  also  directs  the  construction  at  Chatham  dockyard  of  one  of  the  new 
class  of  Amazon  sloops,  from  Mr.  E.  J.  Reed's  designs,  to  be  named  the  Blanche 
of  1080  tons,  and  300  horse  power,  which  is  to  be  laid  down  in  No.  7  slip 
as  soon  as  the  iron-clad  frigate  Lord  Warden,  now  building,  is  launched. 


MISCELLANEOUS. 

The  French  System  of  Road-making. — As  a  means  of  remedying  in  some 
degree  the  defects  in  our  system  of  road-making,  that  adopted  by  the  French 
suggests  itself  as  being  worthy  of  trial.  It  is  no  mere  theory — a  thing  our  nation 
is  too  much  in  the  habit  of  despising — it  has  been  for  some  considerable  time  in 
practice,  and  one  of  the  best  proofs  of  its  efficiency  is  the  great  reduction  in  cost  of 
maintenance.  It  is  not  only  practised  in  Paris,  where  all  the  latest  improvements 
are  introduced,  but  on  most  of  the  ordinary  highways  throughout  the  empire. 
Before  laying  down  new  material  they  loosen  the  old  surface  with  the  pick ;  then 
they  lay  stones  of  much  the  same  size  as  our  own,  and  scatter  a  small  quantity  of 
sand  over  them  ;  next  they  water  them — this  part  of  the  process  would  be  seldom 
required  in  our  climate — then  they  roll  them  with  a  roller  of  about  four  feet  diam- 
eter by  four  in  breadth,  and  two  and  a  half  tons  weigh",  drawn  by  horses  or  oxen, 
according  to  circumstances.  Having  passed  over  the  whole  surface  with  this,  they 
re-roll  it  several  times,  gradually  increasing  the  load  on  the  roller  to  five  tons.  The 
roller  is  so  constructed  that  it  can  be  drawn  backwards  and  forwards  without  turning, 
by  changing  the  team.  The  effect  of  this  is  that  the  surface  is  completely  con- 
solidated and  brought  to  its  proper  form  at  once,  having  no  hollows  to  retain  water 
and  make  puddles,  and  so  hard  that  a  heavy  omnibus  passes  over  it  smoothly,  and 
without  disturbing  the  material.  This  makes  a  great  economy  in  wear  and  tear  of 
vehicles  and  pain  and  injury  to  horses,  and  no  loose  stones  are  left  about  the  road. 
The  French  occasionally  re-roll  the  consolidated  road  to  keep  down  inequalities,  and 
they  do  the  same  with  the  footpaths  where  made  of  gravel,  so  that  they  cau 
be  walked  upon  comfortably  at  once.  This  would  be  an  inexpensive  way  of 
improving  our  own  suburban  footpaths,  which  are  so  often  complained  of  by 
ourselves  and  strangers.  The  saving  by  this  system  results  from  the  decreased 
quantity  of  material  consumed,  for  the  expense  of  the  labour  is  more  than  double. 
It  has  been  stated  on  good  authority,  with  reference  to  a  particular  portion  of  road 
in  France,  that  by  the  old  system  the  cost  per  annum  for  maintaining  the  road  used 
to  be  about  one  thousand  pounds,  while  on  the  new  it  is  reduced  to  about  six 
hundred.  Such  a  large  proportion  of  saving  is  surely  worth  the  attention  of  those 
who  have  the  management  of  our  roads;  if  not,  it  certainly  is  worth  the  attention 
of  county  cesspayers,  who  by  this  means  might  have  their  20s.  tax  reduced  to  12& 

Paris  Underground. — There  is  nothing  more  fashionable  in  Paris  jnst  now 
than  a  visit  to  the  sewers.  When  a  foreign  prince  comes  he  is  taken  to  the  sewers; 
great  foreign  nobles  are  offered  tickets  for  them;  and  simple  mortals  are  advised 
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to  employ,  and  do  employ  all  the  influence  they  possess,  to  gain  admission.  The 
sewers  referred  to  are,  of  course,  the  new  ones  which  the  municipality  of  Paris  has, 
at  an  enormous  expense,  constructed  of  late  years.  They  are  of  immense  extent, 
and  as  spacious  and  lofty  as  the  apartments  of  a  palace.  They,  in  fact,  constitute 
an  underground  Paris,  which  in  some  respects  is  as  remarkable  as  the  upper  ground 
one.  Notwithstanding  they  are  the  receptacles  of  the  filth  of  the  land,  they  are 
kept  with  such  care  that  visitors  do  not  stain  their  dresses,  are  not  offended  by  bad 
smells,  and  are  not  attacked  by  rats. 

Effect  of  Tungsten  on  Cast  Iron. — M.  Pelouze,  in  the  name  of  M. 
Leguen,  captain  in  the  Corps  du  Genie,  gives  to  the  Academy  of  Sciences  a  piece 
of  novel  information  on  the  effects  of  wolfram  on  cast  iron  made  with  wood 
charcoal.  The  addition  to  such  cast  iron  of  a  hundredth  part  of  wolfram  or  of 
tungsten,  generally  increases  its  tenacity  and  resistance  to  crushing  from  a  seventh 
to  more  than  a  sixth.  This  effect  is  much  less  considerable  when  plain  wood- 
charcoal  cast  iron  is  employed.  It  may  be  explained  either  by  the  introduction 
of  a  foreign  element  into  the  iron,  or  by  the  desulphuration  which  tungsten  is  said 
to  produce,  and  is  important,  if  correct. 

Alcohol  of  the  new  Metal  Thallium. — We  observe  that  M.  Lamy, 
of  Lille,  by  causing  thallium  to  react  on  ordinary  or  ethylic  alcohol,  under  peculiar 
conditions,  has  obtained  thallic  alcohol — the  heaviest  of  liquids,  next  to  mercury, 
and  one  which  possesses  the  highest  refractive  power  of  any.  Experienced  chemists 
had  hoped  that  by  substituting  for  ordinary  alcohol  an  alcohol  of  a  higher  combining 
equivalent,  allylic  alcohol,  for  example,  a  new  thallic  alcohol  might  be  obtained  of 
still  greater  density  and  refractive  power,  but  the  hope  was  not  realized:  the  com- 
pound corresponding  to  thallic  or  alythallic  alcohol  is  lighter  and  less  refractive. 
Recourse  was  then  had  to  an  alcohol  of  a  less  heavy  equivalent,  and  this  has  been 
done  by  M.  Lamy.  He  has  substituted  metbylic  alcohol  for  ethylic,  and  he  has 
been  not  the  less  surprised  at  getting  a  compound  of  inethylallic  alcohol  which  is 
so  dense  as  to  be  solid,  or  to  solidify  very  readily  at  ordinary  temperatures. 

New  method  of  Electro-deposition. — M.  Weil,  formerly  a  pupil  at  the  Ecole 
cent  rale,  has  produced  a  very  curious  and  highly  important  process  for  depositing 
metals  on  one  another.  This  gives  a  wholly  unlooked-for  extension  to  the  process 
for  silvering  glass,  invented  by  Liebig.  M.  Weil  lias  resolved,  in  the  most  complete 
manner,  the  great  problem  of  making  copper,  zinc,  iron,  silver,  &c,  adhere  to  one 
another.  The  new  process  consists  in  taking  a  saline  solution  of  the  metal  which 
it  is  wished  to  deposit — for  example,  a  solution  of  sulphate  of  copper,  if  copper  be 
the  metal — adding  to  this  solution  an  organic  substance  (tartaric  acid,  for  instance) 
and  a  quantity  of  alkali  sufficient  to  render  the  mixture  slightly  alkaline.  This 
bath  being  prepared,  the  metal  to  be  coated  is  simply  plunged  into  it,  taking  care 
to  keep  it  in  contact  with  a  small  piece  of  zinc  or  other  metal,  proper  to  render  it 
electro-negative.  The  deposit  then  commences,  and  continues  indefinitely.  It  thus 
appears  that  electricity  only  plays  a  very  secondary  part  in  this  operation.  The 
samples  exhibited  to  the  Academy  of  Sciences  of  Paris,  were  very  remarkable  for 
the  firm  adherence  and  the  variety  of  colours  of  the  deposited  film.  One  of  the 
greatest  advantages  of  the  process,  in  addition  to  its  quickness  and  cheapness,  is 
that  it  does  not  in  the  least  alter  the  most  delicate  markings  of  the  object,  and 
consequently  that  its  artistic  value  remains  unimpaired. 

Improvements  in  Lithontuiptic  Instruments. — M.  Maisonneuve  has  in- 
vented and  constructed  a  new  apparatus,  an  addition  to  existing  lithontriptic  instru- 
ments, which  by  a  very  ingenious  and  simple  action  frees  the  bladder  from  the  debris 
and  fragments  arising  from  the  previous  crushing  of  the  stone.  It  is  a  metallic  sound 
of  tolerably  large  diameter,  in  which,  by  a  particularly  happy  idea,  M.  Maisonneuve 
introduces  a  true  Archimedian  screw,  causing  it  to  turn  by  means  of  an  external 
button.  The  fragments  enter  this  through  an  opening  placed  in  the  upper  part  of 
the  sound,  and  it  conducts  them  from  spiral  to  spiral  out  to  a  second  opening  placed 
in  the  lower  side  of  the  sound  in  the  part  which  remains  outside  the  bladder.  At 
the  close  of  a  late  meeting  of  the  Academy  of  Sciences,  the  learned  doctor  filled  a 
sort  of  artificial  bladder,  made  of  gold-beater's  skin,  with  debris,  and  showed  with 
what  case  it  was  emptied  by  his  admirable  instrument.  This  is  one  of  the  most 
important  steps  yet  gained  in  the  progress  of  lithotrity,  for  nearly  all  the  numerous 
and  serious  complications  arising  out  of  this  operation,  neuralgia,  debilitating  fever, 
&C.,  are  almost  always  caused  by  irritation  to  the  walls  of  the  urethra,  arising  from 
the  passing  at  intervals  of  fragments  for  a  time  longer  or  shorter  after  the  operation, 
besides  which,  every  fragment,  however  small,  which  remains  in  the  bladder  becomes 
a  nucleus  round  which  fresh  calculous  deposits  form  again. 

The  Antiquity  of  Petroleum. — In  Egypt  petroleum  was  used  for  medicinal 
purposes  nearly  four  thousand  years  ago,  and  oil  springs  are  still  in  existence  in 
that  country.  In  the  latter  part  of  the  last  century  two  ships'  cargoes  of  the  crude 
oil  were  transported  to  England  to  be  sold,  but  the  process  of  refining  not  being 
understood,  the  traffic  was  abandoned.  Under  the  name  of  Sicilian  oil,  the  people  of 
Agrigentum  used  what  is  now  known  as  petroleum  for  purposes  of  illumination,  and 
in  Parma  there  is  a  spring  of  naphtha  which  the  people  apply  to  a  like  use  at  the 
present  day.  In  Asia  Minor  the  oil  has  been  known  to  exist,  and  has  been  used  to 
a  limited  extent  for  ages ;  and  in  Persia  a  large  quantity  has  been  annually  consumed 
during  several  hundred  years. 

The  Westley  Richards'  Carbine — The  Government  have  now  determined 
to  arm  the  whole  of  the  cavalry  with  carbines  on  the  breech-loading  principle,  and 
have  selected  the  Westley  Eichards'  arm  as  the  arm  of  the  service.  Its  weight  is 
about  6  lb.,  and  the  barrel,  which  is  rifled  on  the  Whitworth  principle,  is  20  inches 
in  length,  and  is  sighted  up  to  800  yards,  at  which  distance  it  makes  re- 
markable practice.  It  has  also  a  hardened  projectile,  which  gives  it  greatly 
increased  power  of  penetration.  Two  thousand  of  these  arms  are  already  in 
the  hands  ot  the  troops,  they  are  much  approved,  and  20,000  more  are  now 
iu  course  of  manufacture  at  Enfield  ;  they  will  be  finished  this  year.  Two  thou- 
sand infantry  muskets  on  the  same  principle  are  also  being  manufactured  for  the 
Government  by  the  inventors,  Messrs.  Westley  Richards  &  Co.,  of  Birmingham  ; 
these  will  be  served  out  to  the  infantry  this  year  for  an  extended  trial.  This  arm, 
like  the  carbine,  is  rifled  on  the  Whitworth  principle,  and  it  is  sighted  up  to  1000 
yards,  at  which  distance  it  gives  an  average  mean  figure  of  merit  under  2  ft.  This 
principle  of  breech-loading  and  its  ammunition  have  been  before  the  public  for  the 
lust  seven  years     in  the  course  of  that  time  it  has  been  thoroughly  tested  by  the 


Government,  and  has  been  supplied  to  upwards  of  3000  private  persons  over  all 
parts  of  the  world  for  sporting  and  target  purposes.  It  has  become  an  article  of 
consumption  for  which  there  is  a  steady  and  increasing  demand,  so  that  the  Govern- 
ment incurs  no  risk  of  failure. 

Tidal  Phenomenon. — In  the  last  week  of  February,  a  curious  freak  of  nature 
was  observed  to  take  place  at  the  Humber  dock  gate.  About  an  hour  previous  to 
high-water  the  tide  ceased  to  flow,  and  fell  from  20  ft.  2  in.  to  30  ft.  Not  long 
after  this  change  it  commenced  to  flow  again,  when  it  rose  about  8  inches,  then  it 
stopped  for  nearly  twenty  minutes,  and  again  rose  about  4  inches  more.  When 
the  last  flow  took  place  it  was  the  time  of  high-water,  and  during  the  first 
hour  it  did  not  fall  more  than  2  inches.  It  is  remembered  that  a  similar  pheno- 
menon occurred  about  A.D.  1819,  and  this  was  succeeded  by  a  storm  of  exceeding 
violence. 

New  Coal  Theories. — Our  geological  readers  will,  no  doubt,  peruse  with 
interest  the  following  abstract  from  a  paper  on  "  Some  Observations  on  Coal," 
recently  read  before  the  Edinburgh  Geological  Society,  by  Mr.  Thomas  Goodall,  who 
stated  that  he  had  chosen  this  subject  as  he  had  been  engaged  in  the  production  of 
coal  all  his  life,  and  thus  took  a  peculiar  interest  in  any  geological  questions  affect- 
ing it.  He  would  neither  refer  to  the  truisms  oft  repeated  of  the  influence  of  coal 
in  forwarding  the  prosperity  of  the  country,  nor  to  the  statistics  showing  the  extent 
and  probable  duration  of  our  coal  fields ;  but  upon  the  latter  subject  he  must  express 
his  opinion  that  they  have  been  sometimes  much  underrated  both  as  to  extent  and 
durability.  The  greater  part  of  England,  he  continued,  is,  geologically  speaking, 
a  coal  field,  although  a  large  extent  of  it  is  thickly  overlaid  with  superincumbent 
strata.  There  is  no  reason  to  doubt  that  a  great  extent  of  this  area  may  be  worked 
some  day,  although  at  present  it  is  not  reckoned  in  the  coal  fields  at  all.  It  is 
certainly  not  for  us  to  say  how  far  our  successors  may  be  able  to  penetrate  into  the 
interior  of  the  earth  150  or  200  years  after  this.  Coal  workings  are  now  being 
successfully  carried  on  at  a  depth  which  was  not  considered  at  all  practicable  60 
years  since,  and  that,  too,  in  ground  which  was  then  considered  beyond  the  limits  of 
the  coal  fields.  He  thought  there  was  no  fear  bat,  from  improvements  in  mechanical 
appliances,  that,  if  required,  coals  will  be  worked  in  ground  and  brought  from  depths 
of  which  we  have  now  no  conception.  He  said,  if  required,  because  he  had  an  idea, 
although  interested  in  coal,  that  long  before  our  known  coal  fields  are  nearly 
exhausted,  the  use  of  it  may  be  altogether  superseded,  and  that  200  years  hence  our 
descendants,  although  they  may  give  us  credit  for  doing  well,  so  far  as  our  know- 
ledge extended,  will  consider  our  mode  of  raising  heat  very  clumsy,  and  not  at  all 
suitable  for  them.  In  any  view,  therefore,  of  the  case,  whether  from  the  extent  of 
our  coal  fields,  or  the  probability  of  the  use  of  coal  being  superseded,  he  thought  we 
had  no  reason  to  anticipate  the  decline  and  fall  of  Britain  from  the  exhaustion  of 
her  coaLfields.  Entering  now  upon  the  region  of  theory,  he  would  give  his  ideas 
as  to  the  formation  of  coal,  though  they  might  be  absurd  or  antiquated,  as  he  was 
not  well  read  up  in  the  science.  The  bases  of  all  the  theories  previously  put  forward 
with  regard  to  the  formation  of  coal  have  been  that  the  beds  of  coal,  as  we  find 
them,  have  been  formed  by  immense  accumulations  of  vegetable  matter  deposited  in 
estuaries,  submerged  forests,  peat  bogs,  and  such  like,  spread  out  and  extending  in 
continuous  regularity  over  immense  areas,  and  afterwards  covered  over  with  sands 
and  clays,  and  that  this  process  has  been  repeated  in  regard  to  every  seam  of  coal. 
He  was  never  altogether  satisfied  with  these  theories,  as  it  is  inconceivable  to  him, 
and  he  can  see  nothing  analogous  to  it  in  nature,  that  these  masses  of  vegetable 
matter  could  in  this  way  be  laid  down  as  regularly  and  systematically  as  we  find  a 
seam  of  coal;  he  could  not  conceive  such  a  mass  of  vegetable  matter  as  would  be 
required  to  form  a  bed  of  coal — say,  10  feet  thick — laid  down  with  such  regularity, 
and  extending  over  such  a  large  area,  as  we  find  such  a  seam  of  coal.  Certainly,  a 
submerged  peat  moss,  from  its  homogeneous  mass,  would  be  the  nearest  approxima- 
tion to  anything  like  possibility  in  the  case,  if  we  could  conceive  such  a  peat  moss; 
but  that  a  heterogeneous  mass  of  vegetable  and  other  matter,  such  as  is  being 
deposited  in  the  estuaries  of  (say)  the  Mississippi  or  Mackenzie  Rivers,  could,  as 
some  of  our  most  eminent  geologists  assert,  form  a  bed  of  coal  such  as  we  find,  is  to 
his  mind  impossible.  The  coal  measures  in  this  country  occur  between  what  he 
would  call  the  old  and  new  strata,  and  geologists  should  endeavour  to  discover  the 
reason  in  nature  for  this.  It  may  be  said  that  in  the  older  strata  there  was  not 
sufficient  vegetation  at  the  time  to  form  beds  of  coal.  But  this  is  begging  the 
question;  as,  for  anything  we  know  to  the  contrary,  vegetation  may  have  been  as 
profuse  as  during  the  carboniferous  era,  although  its  traces  are  now  obliterated. 
With  regard  to  the  new  strata,  however,  there  cannot  be  any  such  assertion  made, 
as  in  them  there  is  abundant  tangible  evidence  of  submerged  forests  and  peat  mosses, 
and  of  drift  wood  and  other  vegetable  matter,  having  been  carried  to  and  deposited 
in  estuaries,  and  of  these  being  elevated  and  submerged  times  out  of  number ;  yet 
all  these  agencies  have  not  succeeded  in  forming  beds  of  coal.  He  would  observe 
that  although  coal  contains  a  great  proportion  of  vegetable  organisms  and  imp  es- 
sions,  it  does  not  prove,  and  does  not  in  the  least  affect,  the  question  as  to  coal 
being  formed  by  the  accumulation  of  vegetable  matter,  as  it  is  well  known  to  any 
practical  geologist  that  these  organisms  and  impressions  are  found  in  as  great  pro- 
fusion in  some  sandstones  as  in  coal.  The  theory  he  suggests  as  to  the  absence  of 
coal  in  these  strata,  and  the  presence  of  it  in  the  intermediate  strata,  is,  that  even  if 
there  were  coal  in  the  old  strata,  it  has  been  obliterated  by  chemical  and  other  agencies; 
that  the  new  strata  has  not  had  time  for  the  formation  or  development  of  coal ;  and 
that  the  intermediate  ot  carboniferous  strata,  in  point  of  age,  are  in  the  happy 
medium  for  the  existence  and  development  of  coal.  He  does  not  deny  that  vegeta- 
tion was  more  profuse  during  the  carboniferous  era  than  since,  but  this  could  only 
be  in  degree;  and  if  coals  had  been  formed  in  the  way  which  has  been  taken  for 
granted  during  the,  carboniferous  period,  we  should  also  have  had  coals  from  the 
same  causes  in  the  new  strata,  though  probably  not  so  thick.  He  thinks  it  apparent 
that  sedimentary  strata  are  deposited  in  a  heterogeneous  mass ;  that  these  are  after- 
wards simplified  by  mechanical,  chemical,  and  other  agencies ;  and  that  the  longer 
these  strata  exist  the  more  simple  and  homogeneous  they  become  in  structure  and 
composition.  It  seems  to  be  the  law  of  nature  that  there  is  nothing  permanent  in 
our  world,  that  there  is  nothing  at  rest,  not  even  a  single  atom ;  and  that  every- 
thing terrestrial  is  drifting  towards  what  he  would  call  simplicity — its  normal  con- 
dition.    It  would  be  superfluous  to  say  anything  about  the  counteracting  forces 


April  1,  1SC5. 


THE   PRACTICAL   MECHANIC'S   JOURNAL. 


31 


which  are  at  work  to  neutralize  this  tendency,  such  as  denudations,  abrasions,  erup- 
tions, &c,  which  are  ever  ready,  and  compelled  by  what  seems  to  be  an  inexorable 
law  to  destroy  this  simplicity,  and  incessantly  show  their  power  in  effecting  the 
purpose.  All  he  wished  was  to  keep  this  incessant  change  and  tendency  to  simplifi- 
cation in  view,  in  order  to  make  an  effort  to  arrive  at  something  like  a  rational 
solution  of  the  causes  which  have  been,  and  may  be,  at  work  in  the  formation  and 
obliteration  of  coal.  Assuming  that  these  premises  are  correct,  that  incessant 
change  is  the  law  of  nature,  and  that  this  change  tends  in  one  way  to  simpliBcation, 
and  in  another  to  the  contrary,  it  would  not  require  a  great  stretch  of  the  imagina- 
tion to  suppose  that  coal  was  formed  by  some  such  simplifying  process,  and 
obliterated  from  the  same  cause.  We  will,  however,  at  present  deal  only  with  the 
formation  of  coal.  With  regard  to  this  we  could  easily  conceive  that  there  was  a 
time  when  a  particular  portion  of  undeveloped  strata,  which  had  been  carried  into 
some  estuary,  or  submerged  by  some  depression,  and  afterwards  covered  over,  was 
more  carbonaceous  in  its  nature  and  composition  than  the  surrounding  mass,  and 
that  this  portion  of  strata,  highly  charged  with  carbonaceous  matter  (it  might  be 
from  a  submerged  peat  moss,  or  a  great  accumulation  of  vegetable  matter,  such  as 
drift  wood,  &c),  would  become  the  matrix  of  a  bed  of  coal,  and  thus,  by  extracting 
carbonaceous  matter  from  the  surrounding  mass,  and  expelling  or  being  robbed  of 
foreign  matter  which  it  contained  by  the  law  of  chemical  affinity,  or  some  other  law 
with  which  he  was  equally  unacquainted,  would  assume  the  appearance  and  have 
the  qualities  of  what  we  call  coal.  Such,  with  all  deference,  he  considers  a  plausible 
theory  of  the  formation  of  coal.  The  same  process  would  apply  to  the  formation 
of  beds  or  seams  of  ironstone,  whether  carbonaceous  or  argillaceous.  In  fact,  it 
would  apply  to  all  the  other  metals  as  well,  whether  found  stratified,  in  nodules, 
veins,  or  other  shape. 

Gold  dj  Wales, — This  subject  does  not  appear  to  have  obtained  so  much 
attention  as  it  deserves.  Its  novelty,  perhaps,  deters  some  from  thinking  about  it, 
and  others  have  proved  incredulous,  because  some  abortive  schemes  have  ended  in 
failure.  But  there  is  one  very  remarkable  commercial  fact  connected  with  the  sub- 
ject of  gold  mining  in  Wales,  which  stares  total  objections  in  the  face.  It  is  the 
fact  that  at  the  Vigra  and  Clogau  Gold  Mine  above  1600  tons  of  auriferous  quartz 
have  been  operated  on,  and  from  that  quantity  upwards  of  11,000  ounces  of  gold 
have  been  obtained!  This  is  such  a  result  as  the  world  has  not  known  before. 
Dividends  on  a  £5  share  have  been  declared,  amounting  to  £&  2s.  6d.,  and  the  shares 
now  stand  at  a  market  value  of  £20.  At  these  mines  during  the  last  month  another 
rich  shoot  of  gold  was  discovered,  which  will  again  increase  their  value.  Preparations 
are  making  for  the  reduction  of  50  tons  of  the  minerals  per  diem.  Now,  supposing 
this  quantity  yield  only  half  an  ounce  of  gold  to  the  ton  of  ore,  the  produce  will  be 
nearly  £30,000  for  the  year!  Forty  thousand  pounds'  worth  of  gold  have  been 
raised  from  this  place  from  one  vein  of  quartz,  and  it  would  be  bold  to  predict  the 
discovery  of  no  more  such  veins  in  the  district.  Preparations  are  also  making  for 
the  redaction  of  100  tons  a  day  at  Cefu  Coch  (Welsh  gold).  Their  apparatus 
possibly  will  be  ready  in  a  few  months;  and  if  the  yield  of  gold  proves  favourable, 
there  will  be  a  great  revolution  of  opinion  regarding  this  kind  of  speculation. 

A  New  Gunpowder. — The  explosion  at  Erith  has  led  to  the  manufacture  of 
a  new  gunpowder,  the  discovery  of  Mr.  L.  H.  G.  Ehrhardt,  a  German.  It  consists  of 
tannic  gallic  acid,  or  the  resin  of  commerce,  and  chlorate  or  nitrate  of  potash.  The 
new  gunpowder  is  stated  to  be  of  three  times  the  explosive  force  of  that  now  in  use, 
and  one  half  cheaper.  It  leaves  no  residuum  when  exploded.  It  can  also  be  kept 
in  magazines  with  safety,  by  the  resin  and  preparation  of  potash  being  kept  sepa- 
rately, and  mixed  as  wanted,  both  the  articles  named  being  incombustible  by  them- 
selves. If  it  bears  the  test  of  actual  experiment  a  saving  of  one-third  will  be  effected ; 
and,  the  combustion  being  entire,  it  will  remove  all  objections  to  rifled  fire-arms, 
such  as  the  fouling  of  Enfield  rifles  and  Armstrong  guns. 

Gunnery  Experiments. — The  7-inch  wrought-iron  shunt  gun,  of  7  tons,  has 
at  length  been  tried  at  Shoeburyness  with  charges  of  25  lbs.  of  powder,  and  projectiles 
100  lbs.  weight,  and  we  are  now  enabled  to  judge  of  the  value  of  this  system  of 
rifling  as  compared  with  the  Lancaster,  the  French,  and  Scott  systems.  In  round 
numbers,  at  10  deg.,  the  shunt  gun  gives  about  4050  yards,  as  against  4500  or 
4600  yards  of  the  other  competitive  guns.  The  accuracy  of  the  gun  is  slightly 
inferior  to  the  French  and  other  competitors. 

France  at  the  Dublin  Exhibition. — In  all  the  more  attractive  and  decora- 
tive classes  of  objects,  there  will  be  a  fine  display  from  France  at  the  International 
Exhibition.  The  emperor  himself  heads  the  list  with  a  splendid  collection  of 
porcelains  from  Sevres,  and  tapestry  from  Gobelins  and  Beauvais.  Promises  have 
also  been  received  from  Barbedienne,  of  bronzes;  Barbezat  for  iron-work,  and 
Thenard  for  silver-work.  Musical  instruments  will  be  exhibited  by  Alexandre, 
Saxe,  and  Herz  ;  laces  by  Lefevre  and  Ferguson ;  silks  by  Berteaux,  Brunet, 
Lecompti,  and  many  others.  Furniture  and  all  the  articles  de  luxe,  for  which 
Paris  is  the  head-quarters,  will  be  well  represented.  The  French  department  of 
the  Exhibition  will  be  in  one  of  the  most  advantageous  parts  of  the  building,  and 
the  exhibitors  are  sparing  no  expense  to  render  this  department  attractive  and 
ornamental. 

Vegetable  Flansel. — This  fabric  has  for  some  time  been  in  considerable  de- 
mand on  the  Continent,  and  is  used  in  place  of  ordinary  flannel  in  the  case  of  persons 
troubled  with  rheumatism  and  neuralgic  pains,  and  of  those  especially  whose  skin 
will  not  bear  the  irritating  action  of  woollen  fibre.  Vegetable  flannel  is  a  German 
manufacture,  from  the  Plnus  silvestris.  Its  introduction  is  credited  to  M.  Le'opold 
Lairitz ;  and  a  large  number  of  persons  in  the  Black  forests  are  now  engaged  in  the 
various  processes  of  separating  the  oil  and  the  fibre,  called  waldwold,  or  forest 
wool,  from  the  pine  leaves,  and  of  spinning,  weaving,  and  knitting  the  yarn.  As 
regards  the  hygienic  qualities  of  the  vegetable  flannel,  Dr.  Hoppe,  of  the  University 
of  Bale,  and  other  scientific  men,  rate  them  very  highly.  Baths  of  pine  leaves  have 
long  been  used  in  Germany  and  Switzerland  in  cases  of  rheumatic  affection,  and  the 
vegetable  flannel  is  believed,  like  the  baths,  to  have  an  immense  power  in  establish- 
ing the  functions  of  the  skin  when  they  have  been  interfered  with  by  accidental 
causes.  This  result  is  attributed  to  the  present  e  of  formic  acid — which  creates  a 
gentle  and  constant  excitement  of  the  skin — and  of  the  tannin  and  resinous  principles 
which  are  absorbed  by  cutaneous  action,  and  supply  the  necessary  elements  for 
restoring  a  healthy  condition. 


APPLICATIONS   FOR 

PROVISIONAL  PROTECTION  FOR  INVENTIONS 

UNDER  THE  PATENT  LAW  AMENDMENT  ACT. 

8S?~  When  the  city  or  town  is  not  mentioned,  London  is  to  be  understood. 

2nd  January,  1865. 

1  "William  Muir,  Manchester— Public  houses 

2  T.  A.  Macaulay,  Herbert  Street— Sewing  machines 

3  M.  R.  Leverson,  Bishopsgate  Street — Treating  apatite. — Acorn. 

4  E.  Bevan,  Birkenhead,  and  A.  Fleming,  Liverpool— Protector  for  metallic  vessels 

5  J.  F.  Parker  and  J.  Tanner,  Birmingham— Oxygen  gas 

6  J.  Smith  and  J.  Williamson,  Bishop  we  armouth— Lubricating  the  axles  or  journals  of 

coal  waggons 

7  J.  Spencer  and  N.  Brnomhead,  Halifax— Carpets  and  hearthrugs 

8  J.  R.  Crompton,  Elton— Finishing  paper 

9  Robert  Irvine,  Musselburgh— Pitch  obtained  in  palm  oil 

10  Frederick  Gye,  Surrey — Mounting  photographic  pictures. — A  com. 

3rd  January,  1865. 

11  Martin  Benson,  Hinde  Street— Ordinary  lift  and  force  pumps 

12  W.  G.  Helsby,  Liverpool — Enamelled  glass 

13  Gustave  Muscart,  Paris — Sewing  machines 

14  Henry  Lloyd,  Liverpool — Perambulators 

15  Leopold  D'AubreVille,  Paris — Paper. — A  com. 

16  T.  J.  Ashton,  Cavendish  Square — Portable  pneumatic  apparatus 

17  Louis  Goldberg,  Love  Lane— Belts 

18  G.  Hodgson  and  J.  Pitt,  Cleckheaton — Drilling  apparatus 

4th  January,  1865. 

19  Edward  Keirby,  Rochdale— Elastic  packings  for  pistons 

20  Walter  Paytoii,  Westbourne  Terrace — Measuring  water 

21  J.  Knowles,  Bolton,  and  J.  Banks,  Sharpies— Mules  for  spinning 

22  William  Clark,  Chancery  Lane— Electro-magnets. — A  com. 

23  Wilson  Ager,  New  York — Fan-blowers 

24  Dionisio  Vericchio,  Queen  Street— Spring  mattresses  and  paliasses 

25  J.  F.  Jones,  Rochester — Paper  board 

26  George  Kent,  High  Holborn — Polishing  knives 

27  Nathan  Thompson,  Abbey  Gardens— Stoppers  for  bottles 

28  W.  H.  Roy,  Upper  Woburn  Place— Checking  the  receipts  of  railway  clerks 

5th  January,  1865. 

29  William  Watson,  Johnstone— Propelling  vessels 

30  C.  Pickworth,  Homer  Road— Communication  between  the  passengers  and  guard  of  a 

railway  train 

31  G.  H.  Davies,  Brick  Court,  and  J.  W.  Jones,  James  Square— Advertising 

32  J.  W.  Branford,  Cambridge— Washing  and  mangling  linen 

33  J.  M.  Kirby,  Northampton— Generating  steam 

34  Joseph  Skelton,  Lostwithiel—  Ploughs 

35  J.  E.  Wilson,  Grasmere — Locomotive  engines 

36  A.  V.  Newton,  Chancery  Lane— Sewing  machines. — A  com. 

37  J.  C.  Amos,  Southwark,  and  W.  Anderson,  Erith— Tubular  boilers 

38  G.  A.  Buchholz,  Alfred  Place— Hulling  grain 

39  Thomas  Pickford,  Feuchurch  Street — Aerated  beverages 

6th  January,  1865. 

40  J.  E.  Vigoule"te,  Nelson  Square— Carbonaceous  minerals 

41  J.  C.  Bayley,  Park  Place  Villas,  and  D.  Campbell,  Plumstead— Lamps  for  burning 

the  vapour  of  volatile  fluids 

42  Jules  Lebaudy.  Paris — Boiling  grain  sugar  in  vacuo 

43  J.  A.  Castree,  Manchester — Looms  for  weaving 

44  B.  Dobson,  W.  Slater,  and  R.  Halliwell,  Bolton— Ginning  cotton 

45  J.  Craw  and  J.  Macaulay,  Paisley— Weaving  ornamental  fabrics 

46  Arthur  Reynolds,  Bagillt— Smelting  zinc  ores 

47  W.  C.  Thurgar,  Norwich— Keeping  eggs  fresh 

48  Charles  de  Bergue,  Strand — Locomotive  engines. — A  com. 

49  George  Haseltine,  Southampton  Buildings— Machinery  for  shaping  the  heels  of  boots. 

— A  com. 

50  T.  Richardson,  Newcastle-upon-Tyne, and  M.  D.  Rucker,  Leadenhall  Street— Treating 

guano 

51  James  Robertson,  Glasgow— Furnaces 

52  Edward  Tyer,  Old  Jewry  Chambers— Train  signalling  on  railways 

53  George  Reymond,  Geneva— Escapements  for  watches 

54  Horatio  Ames,  United   States  of  America-Constructing  ordnance  or  cannon  of 

wrought  iron 

1th  January,  1865. 

55  G.  B.  Galloway,  Liverpool— Means  of  communication  between  passengers  while 

travelling 

56  B.  W.  Bern  lev,  Buxton,  and  W.  H.  Bailey,  Salford— Finishing  photographs 

57  E.  Beanes.  Kilburn,  and  C.  W.  Finzel,  Bristol— Vacuum  pans 

58  James  Atkins,  Birmingham— Metallic  bedsteads 

59  William  Baker,  Sheffield— Refining  of  iron  and  steel 

60  J.  J.  Blackham,  Birmingham— Brooch  fastenings 

61  Theophilus  Horrex,  South  Square— Brushing  the  hair 

62  J.  F.  Jones,  Rochester— Paper  board 

9th  January,  1865. 

63  Ash  worth  Barlow,  Crawshaw  Booth— Jack  frames 

64  J.  H.  Johnson,  Lincoln's  Inn  Fields— Cleaning  rice.— A  com. 

65  John  Welsh,  Perth— Lighting  street  lamps 

66  Lionel  Weber,  Brussels— Bits  for  horses 

67  Joseph  Calkin,  Oakley  Square— Taps 

68  William  Davies,  Liverpool— Tobacco 

69  R.  Ashton  and  G.  H.  Liglitoller,  Chorley— Flyers  for  preparing  cotton 

70  B.  P.  Bidder,  Gateshead— Theodolites 

71  Friedrich  Wiese,  Vienna— Preserving  books  from  fire 

10th  January,  \S6o. 

72  Edwin  Pettit,  Birmingham— Ornamenting  photographs 

73  S.  S.  Brown,  Runcorn— Lint 

74  J.  C.  Brown,  New  York-Toothpicks  _ 

75  E   W.  Ladd  and  L.  Oertling— Moorgate  Street— Hydrometers    _ 

76  William  Bayliss,  Gracechurch  Street— Standards  for  strained  wire  or  rod  fencing 

77  Humphrey  Chamberlain,  Wakefield— Compressed  bricks 

78  A.  and  M.  Meyer,  Liverpool— Breech-loading  fire-arms.— A  com. 

79  T   B.  Belgrave,  Brncebridge— Preserving  meat 

80  William  Clark,  Chancery  Lane-Pulp  for  paper.- A  com 

81  D  Gattafent,  Stepney  Causeway,  and  F.  Pontifex  bhoe  Lane— Artificial  fuel 
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11th  January,  1865. 

82  J.  F.  Spencer,  Newcastle-on-Tyne — Valves  of  steam  engines 

83  Henry  Contanche,  Saint  lliliers— Reefing  and  furling  sails 

84  A.  F.  Lendry,  Snnbury — Topograph 

85  W.  E.  Gedge,  Wellington  Street— Cutting  gas  pipes. — A  com. 

86  W.  E.  Gedge.  Wellington  Street — Pincers  for  gas  pipes. — A  com. 

87  W.  E.  Gedge,  Wellington  Street — Elastic  mattress  or  bedstead.— A  com. 

88  R.  A.  Brooman,  Fleet  Street — Engraving  upon  crystal. — A  com. 

89  John  Ramsbottoru,  Crewe — Steam  hammers 

90  Robert  Tempest,  Rochdale — Spinning  and  carding  cotton 

91  C.  M.  Bathias,  Paris — Registering  apparatus 

92  J.  F.  Heather,  Portsmouth — Keys  and  locks 

93  A.  G.  Lock,  Millbrook— Purifying  fats 

94  Abraham  Cooper,  Gracechurch  Street — Furnace  flues 

95  Kock  Chidley,  High  Holborn — Railway  carriages 
$6  J.  G.  Jones,  Blaiua  Iron  Works— Getting  coal 

12tk  January,  1865. 

97  Ii-aac  Goodlad,  Edmund  Street — Communication  between  railway  passengers  and 

guards 

98  John  Fuller,  Silvertown — Telegraph  conductors 

99  E.  T.  Hughes,  Chancery  Lane — Elastic  mattresses. — A  com. 

100  William  Rnss,  Romford— Distributing  liquid  manure 

101  F.  Barnes,  D.  Hancock,  aud  E.  Cope,  Wycombe— Electro-magnetism  as  a  break  power 

for  railway  carriages 

102  R.  A.  Brooman,  Fleet  Street — Teaching  music. — A  com. 

103  Michael  Henry,  Fleet  Street— Furnaces. — A  com. 

104  George  Gaze,  Villiers  Street— Checking  money  taken  by  servants 

105  R.  F.  Moll,  Manchester — Repairing  ships  while  afloat 

106  G.  H.  Daw,  Threadneedle  Street — Breech-loading  fire-arms 

107  J.  B.  Hill,  Stirling — Signals  between  passengers  travelling  on  railways 

13th  January,  1865. 

108  Joseph  Knight,  Manchester — Crinoline  skirts 

109  F.  G.  Mulholland,  Swan  Street,  and  T.  Dugard,  North  Grove— Application  of  fluid 

metallic 

110  W.  S.  Longridge,  Derby,  and  J.  Mash,  Bowden — Furnaces 

111  William  Brookes,  Chancery  Lane— Steam  engines. — A  com. 

112  A.J.  Sax,  Paris — Impregnating  air 

113  Richard  Lewis,  Dublin — Boilers  for  generating  steam 

114  John  Weeks,  Baker  Street — Umbrellas 

115  Wilson  Ager,  New  York— Cleansing  and  decorticating  grain 

116  T.  G.  PaganOj  Bayswater — Paving  roads 

117  William  Wilkins,  Leicester — Looped  fabrics 

14th  January,  1S65. 

118  A-  and  E.  Paul,  Liverpool — Steering  apparatus 

119  George  Davies,  Middlesex — Preventing  incrustation  in  boilers, — A  com. 

120  W.  II.  Richards,  Birmingham — Sleeve  links 

1*21  Richard  Lee,  Middlesex — Communicating  between  passengers  and  guard  of  a  railway 
train 

122  R.  A.  Brooman.  Fleet  Street— Indicating  strength  of  liquids. — A  com. 

123  A.  V.  Newton,  Chancery  Lane— Cutting  tobacco. — A  com. 

124  William  Ansell,  Birmingham— Fire-arms 

125  Theodore  Bourne,  New  York — Fog  signals. — A  com. 

126  George  Colven,  Dublin — Flower  box 

127  James  Young,  Limetield — Producing  gases 

128  John  Lilley,  Middlesex — Compasses 

129  F.  C.  Fourgeau,  Paris— Construction  of  roofs 

16th  January,  1865. 

130  J.  B.  Farrar,  Halifax,  and  J.  Hirst,  El  stead— Preparing  wool 

131  Walter  Edwin,  Portland  Place— Stage  scenery  in  theatres 

182  II.  J.  lingers  and  J.  M.  Scholtield,  Middlesex— Closing  the  mouths  of  bottles 

183  William  Rowbottom,  Romiley— Mules  for  spinning 

134  John  Marshall,  New  Cross — Presses  for  the  expression  of  fluids 

135  R.  A.  Brooman.  Fleet  Street — Driving  rolls. — A  com. 

136  J.  B.  Cotter,  Regent's  Park— Construction  of  shells 

137  Joseph  Beteley,  Liverpool— Shipbuilding 

138  G.  T.  Rmisfiekl,  Brixton — Fire-arms. — A  com. 

139  J.  S.  Edge,  Birmingham — Fire-arms 

11th  January,  1865. 

140  R.  A.  Brooman,  Fleet  Street— Treating  phosphates  of  lime. — A  com. 

141  F.  H.  Lakin,  Aberdeen — Piano-fortes 

142  S.  J.  Best,  Surrey,  and  J.  J.  Holden,  Bow— Drawing  gas  retorts 

143  J.  Robinson  and  J.  Smith,  Rochdale — Moulding  wood 
141  C.  T.  Judkins,  London — Sewing  machines 

145  W.J.  Cunningham,  Essex— Converting  reciprocating  motion  into  rotary  motion 

lQtk  January,  1865. 

146  F.  P.  II.  Cahuzac,  Paris— Dressing  woollen  tissues.— A  com. 
117  William  Jeffreys,  Surrey— Signals  of  railways 

148  A.  B.  Bull,  Tonsherg— Furling  sails 

149  Edward  Deane,  London — Bedstead  suitable  for  domestic  purposes 
151  Stephen  Ballard,  Colwell — Cooking 

151  J.  W.  Gregg,  Dublin— Street  lamps 

152  W.  E.  Newton,  Chancery  Lane— Fire-arms. — A  com. 

15::  Joseph  Burch,  Macclesfield — Looms  for  weaving  velvet-pile 

151  .1.  Coulter,  Huddersfield,  and  II.  Ilarpin,  H^lnrfirth.-  Smoothing  the  surface  of  stones 

155  W.  R.  Foster,  Cowper  Street— Packings  of  pistons 

19th  January,  1865. 

156  S.  F.  V.  Choate,  New  York — Conductors  of  electricity 

157  C.  !>.  Abel,  Chancery  Lane— Construction  of  watches. — A  com. 

158  Thomas  Mayor,  Pa w  tucket—  Preparing  cotton 

159  A   W.  Preder,  Oldham — Coupling  steam  engines. — A  com. 
180  MeUlmr  IMtzhoover,  New  York— Purifying  metallic  ores 

161  E.  D.  Farcot,  Paris— Oara 

162  Edward  Williams,  Victoria  Mills— Throstle  worsted  spinning 
168  G.  V.  Bradbury,  Oldham— Sewing-machine  shuttles 

164  Robert  Mallet,  Westminster— Railways 

lf>5  J.  A.  Shipton  and  R.  Mitchell,  Wolverhampton — Forging  metals 

166  W.  C.  Ilieks,  New  York— Steam  engines 

187  T.C,  Durham,  Carlisle— Steam  engines 

168  T.  Lnbrousse  and  J.  Kelly,  Dublin— Dyeing  leather 

169  William  Clark,  Chancery  Lane— Boots. — A  com. 

20(A  January,  1S65. 

170  D.  Mivnro  and  T.  Wright,  Glasgow— Painting  Venetian  blinds 

171  G.  A.  Clark,  Milford  Villas— Projectiles 

172  J.  Turney  andG.  Wood.  Sneinton— Glazing  skins 

173  John  Hewes,  West  Bromwich — Manufacture  of  iron  and  steel 

174  Louis  Balma,  Paris— Machine  for  carrying  earth 

175  Charles  Searte,  South  Street—Securing  studs  in  shirt  fronts 

176  B.  F.  Stevens,  Covent  Garden— Vulcanizing  compounds.— A  com. 

177  W.Clark,  Chancery  Lane — Delivering  mails  in  railway  trains  while  in  motion. — Aeon; 
17S  J.  Snell  and  W.  Run  tun,  Leeds— Facing  woollen  cloth 


179  William  Mather,  Manchester— Communications  between  passengers,  guards,  and 

drivers  of  railway  trains 
ISO  William  Clay,  Liverpool^- Working  hydraulic  lifts 

181  W.  E.  Newton,  Chancery  Lane— Pile  drivers, — A  com. 

21s/  January,  1865. 

182  H,  A.  Dohson,  Mary-le-bone—  Carnage  step 

183  Thomas  Lester,  Worde si ey—  Steam  engines 

184  J.  G.  Wilson,  Chelsea— Permanent  ways  for  railroads 

185  A.  I.  L.  Gordon,  Hyde  Park— Clasps 

186  J.  II.  Wilson,  Liverpool — Pumps 

187  CD.  Abel,  Chancery  Lane— Transmitting  letter  bags  to  and  from  railway  trains 

whilst  in  motion. — A  com. 

188  Jacob  Snider,  Strand — Fire-arms 

189  M.  Robinson,  Accriugton— Shaping  the  elastic  dents  of  expanding  combs 

23rrf  January,  1S65. 

190  John  Edie,  Glasgow— Boots  and  Shoes 

191  C.  B.  W.  Koehl  and  W.  Gunttier,  Oldham— Cleaning  cotton 

192  P.  M.  Parsons,  Shooters  Hill  Road— Treating  cast  iron 

193  James  Badcock,  Noble  Street — Suspension  of  curtains 

194  Edward  Atkinson,  Old  Bond  Street— Dispersing  scents 

195  Elton  Templemore,  Dover — Window-blind  cord.check 

196  A.  Drevelle,  Paris— Rendering  soundless  furniture  for  domestic  purposes 

197  J.  B.  Wood   Broughton— Floor  cloths 

198  Alfred  Sheldon,  Wookey  Hole  Wells — Drying  paper  in  sheets 

199  Thomas  Brown,  Piccadilly— Foldingchairs 

200  W.  E.  Newton,  Chancery  Lane — Machinery  for  reaping. — A  com. 

201  M  A.  Dietz,  Little  Carter  Lane — Petroleum  oil  burners 

202  Benjamin  King,  Ipswich — Manufacture  of  manure 

24tk  January,  1865. 

203  A.  C.  F.  Derocquigny  and  D.  Gance,  Paris— Sewing  machines 

204  C.  T.  Wells,  Fleet  Street— Ground  vineries  for  the  cultivation  of  grapes 

205  R.  R.  Riches  and  C.  J.  Watts,  Norwich — Mills  for  grinding  corn 

206  J.  Rovere  and  H.  A.  B.  Huguet,  Paris— New  electric  pile 

207  George  Haseltine,  Chancery  Lane — Preserving  fruit. — A  com. 

208  James  Bailey,  Salford — Embossing  presses 

209  W.,  R.,  J.,  and  A.  Woodward,  New  Islington—  Furnaces  for  melting  metals 

25^  January,  1865- 

210  Thomas  Steel,  Hyde  Park— Lowering  boats 

211  Anthony  Stephenson,  Chester — Mills  for  grinding 

212  R.  A.  Brooman,  Fleet  Street — Thread  for  weaving. — A  com. 

213  J.  Marshall  and  H.Mills,  Wednesbury— Manufacturing  gun  barrels  of  cast  steel 

214  Cassimir  Roques,  Edinburgh— Brushes 

215  S.  L.j  and  A.  Fuller,  Bath,  and  C.  Martin,  Cheapside — Construction  of  carriages 

216  O.  Gossell,  Moorgate  Street — Adjusting  the  weight  of  railway  carriages. — A  com. 

26th  January,  1865. 

217  William  Paton,  Johnstone — Packing  for  steam  joints 

218  David  Gay,  Cheapside — Photo-sculpture 

219  C.  D.  Abel,  Chancery  Lane — Steam  boilers. — A  com. 

220  William  Smith,  Taunton — Compressing  coal  dust  fit  for  burning 

221  George  Haseltine,  Chancery  Lane — Manufacturing  syrup. — A  com. 

222  J.  H.  Pepper,  St.  John's  Wood,  and  T.  W.  Tobin,  Pentonville — Illusory  exhibitions 

223  S.  Sharp,  Melton  Place,  and  D.  Smith,  Brill  Row— Elastic  valve 

224  Robert  Mushet,  Cheltenham — Lining  sides  of  puddling  furnaces 

225  John  Harrison,  Glasgow— Cleansing  ships'  bottoms  at  sea 

226  A.  A.  Croll,  Coleman  Street — Purification  of  coal  gas 

227  H.  W.  Ripley,  Lightclirfe — Colouring  kempy  wool 

228  John  Hamilton,  Liverpool — Machinery  for  propelling  vessels 

229  J.  G.  Willans,  Bayswater — Manufacture  of  iron 

230  Charles  Falck,  Clarendon  Square — Ice  safes 

231  William  Creasy,  Bulls  Hall— Thrashing  flax 

232  G.  Dibley,  Euston  Road — Fixing  plates  of  metal  such  as  are  used  for  roofing 

233  J.  E.  Massey,  Middleton  Square — Sounding  machines 

234  William  Clark,  Chancery  Lane — Pencil  cases. — A  com. 

27th  January,  1865. 

235  J.  E.  F.  Ludeke,  Islington — Mathematical  compasses 

236  C.  D.  Abel,  Chancery  Lane — Throstle  spinning  frames 

237  James  Hind,  Liverpool — Pumps  for  lifting  liquids 

238  Robert  Helsham,  London— Removing  dirt  from  the  barrels  of  keys 

239  J.  Southall,  Birmingham,  and  H.  Southall,  Birmingham — Saddle  trees 

240  Charles  de  Bergue,  Westminster — Furnaces 

241  John  Combe,  Leeds — Drilling  machines 

242  Handel  Moore,  Liverpool— Applying  power  to  the  working  of  ships'  windlasses 

243  Joseph  Twibill,  Irvine — Steam  boilers 

244  J.  11.  Johnson,  London — Treatment  of  oils 

245  A.  H.  Brandon,  Paris — Treatment  of  tar  oils 

28th  January,  1865. 

246  George  Haseltine,  Chancery  Lane— Manufacturing  syrup 

247  Samuel  Tmlock,  Richard  Trulock,  and  William  Trulock,  Dublin— Fire-arms 

248  Benjamin  Dobson,  Bolton,  and  William  Slater,  Bolton— Cotton-gins 

249  Victor  Burg,  Paris — Filtering  apparatus 

250  W.  E.Newton,  Chancery  Lane— Rectification  of  alcohol 

251  John  Petrie,  Rochdale — Washing  wool 

252  John  Raines,  Dukinfield— Mortar  mills 

253  William  Clarke,  Chancery  Lane— Fire-arms— A  com. 

254  Erastus  Blakeslee,  New  Haven— Cartridge  boxes  for  fire-arms 

255  E.  T.  Hughes,  Chancery  Lane— Drying  wool— A  com. 

256  A.  S.  Macrae,  Liverpool— Lantern*  for  burning  hydro-carbon  fluids 

257  William  Foster,  New  York— Screw  taps 

258  W.  H.  lliggins,  Luton— Machinery  for  shaping  hat  and  bonnet  blocks 


DESIGNS  FOR  ARTICLES  OF  UTILITY. 

Jiegistered  from  20th  January  to  6th  March,  1865. 

J.  Shrimpton  &  Son,  Studley— '*  Holder  for  Needles  " 

M.  Bermange  &  Co.,  Queen  Street—"  Working  the  Fastenings  of  Taps." 

John  Marston,  London  Works,  Bilston— "  Jelly  Strainer." 

Collins  Brothers,  Birmingham—"  Eardrop." 

Michael  Terrace,  Birmingbam — "Pencil  Clip." 

W.  Blenkiron  &  Son,  Wood  Street— "The  Spring  Kingston  Brace." 

J.  R.  Hayes,  Birmingham — "  Fastener  for  Brooches." 

W.  and  G.  Ashford  and  Winder,  Birmingham— "Bits  for  Horses." 

Enoch  Siddaway,  West  Bromwich—"  Lid  or  Cover  of  Box  Irons." 

Farrow  &  Jackson.  Great  Tower  Street— "  Bottle  Jack." 

W.  Oxlev  &  Co.,  Manchester— "Gas  Carbonizing  Apparatus." 

R.  Sinclair  &  Co.,  Wood  Street— "Gentleman's  Turn-down  Collar." 

W.  Evans,  Hyde-park  Barracks—"  Improved  Spur  Stud  Socket  and  Plug." 

W.  Hallam  and  R.  H.  Southale,  Birmingham—"  Antifriction  Band  for 

Boots  and  Shoes." 
Walter  Sandell  Mappin,  Birmingham—"  Safety  Bar  for  Outside  Doors. ' 
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RECENT   IMPROVEMENTS   IN   TUNNELLING. 
METHODS    OF    MECHANICAL     ROCK    BORING,    &c. 

THE  MONT    CENIS  TUNNEL. 

Itf  the  latter  parts  of  the  preceding  series  of  this  journal  we  have 
briefly  described  and  considered  the  methods  of  Rziha  and  others  for 
supporting  the  walls  and  roof,  and  removing  the  deblai  in  tunnels, 
through  incoherent  material  chiefly — though  Seiko's  methods  are 
applicable  to  many  forms  of  rock  tunnelling  also.  On  the  present 
occasion,  we  propose  giving  a  brief  notice  of  some  of  the  more 
recent  improvements  that  have  been  brought  into  actual  work  on  a 
practical  scale,  for  penetrating  into  solid  rock,  where  a  tunnel  lies  in 
such  material,  by  the  application  of  elemental  power  to  the  tools. 
Incidentally,  we  wish  to  do  justice  to  the  part  taken  by  the  late  Mr. 
Thomas  Bartlett,  C  E.,  in  having  been  the  first  to  bring  such  tools  into 
a  form  for  successful  practical  use. 

The  notion  of  substituting  mechanical  for  hand  labour  in  the  pene- 
tration of  rock  for  tunnels,  adits,  shafts,  &c,  is  by  no  means  a  very 
recent  one.  In  the  United  States,  where  the  tendency  to  save  labour 
by  machines  has  been  stimulated  by  vast  natural  resources  and  a  popu- 
lation, though  rapidly  increasing,  still  disproportionate  to  their  de- 
velopment— and  has  shown  itself  in  every  form,  from  machines  to  peel 
apples  or  whip  eggs  to  those  for  excavating  ship  canals — many  attempts 
have  been  made  to  produce  a  practically  useful  rock-cutting  machine, 
or  even  a  "jumper"  or  "  drill  borer"  actuating  machine  ;  but  as  far 
as  our  knowledge  extends,  not  with  success.  Nor  was  the  like  proposal 
wholly  unknown  in  Great  Britain,  even  as  far  as  thirty  years  ago,  when 
Hunter,  the  inventor  of  the  stone-cutting  or  planing  machinery  (for 
building  purposes)  is  understood  to  have  given  his  attention  also  to 
machines  such  as  those  now  under  our  notice.  Some  Belgian  engineers 
and  mechanicians  were  also  early  in  the  field,  though  not  to  the  issue 
of  practical  success. 

At  a  much  more  recent  period,  too,  the  machine  of  Capt.  Penrice 
was  publicly  exhibited  at  Newcastle-on-Tyne,  a  few  years  ago,  and  for 
a  time  excited  much  attention.  It  is  said  to  have  been  tried  also  in  the 
Malvern  Tunnel,  on  the  Worcester  and  Hereford  Railway,  but  has 
dropped  now  into  complete  oblivion. 

That  machine  consisted  essentially  of  a  central  horizontal  plunger  or 
very  thick  piston  rod,  placed  upon  a  carriage  upon  wheels  and  rails, 
at  or  near  the  base  of  the  tunnel  which  it  was  intended  should  be  always 
bored  circular  in  section. 

The  end  of  this  piston  rod  carried  a  huge  face  plate  of  cast  iron, 
equal  nearly  in  diameter  to  the  intended  tunnel.  Into  numerous  circles 
of  mortices  prepared  in  this  face  plate  were  wedged  a  vast  number  of 
short-stubbed  steel  chisels,  by  suitable  and  simple  arrangements.  The 
piston  and  rod,  and  with  them  this  ponderous  circular  face  of  bristling 
chisels,  were  propelled  against  the  "  forehead"  or  face  of  rock,  at  the  end 
of  the  tunnel  (assumed  already  prepared  for  it  by  hand),  and  withdrawn 
for  the  next  stroke.  While  the  whole  face  plate  slowly  revolved  on 
the  piston  rod  as  axis,  at  the  rate  of  about  one  revolution  every  thirty 
seconds,  the  reciprocating  blows  made  by  the  chisels  on  the  "  forehead  " 
were  about  at  the  rate  of  fifteen  in  the  same  time.  The  whole  face  of 
the  forehead  was  thus  meant  to  have  been  reduced  to  powder  or  chips 
of  stone.  These  fell  down  between  the  face  plate  and  the  forehead,  and 
were  withdrawn  by  a  sort  of  Archi median  screw,  at  the  lowest  part  of 
the  circle  ;  the  axis  of  revolution  of  the  screw  being  parallel  with  that 
of  the  piston.  The  fundamental  idea  of  this  machine  was  a  mistake. 
The  mass  in  motion  was  enormous — the  suddenness  with  which  it 
was  propelled  and  brought  up  against  the  rigid  face  of  rock,  utterly 
destructive  to  the  chisels  and  to  the  machine  itself.  It  neglected  all 
provision  as  to  the  consequences  of  some  of  the  chisels  getting  dis- 
abled before  others,  or  of  one  portion  of  the  rock  (say,  the  upper  half  or 
lower  hall"  of  the  forehead)  being  much  harder  than  the  other. 

Nor  did  the  inventor  apparently  see  that  the  work  of  any  individual 
chisel  must  be  severe  in  proportion  to  its  radial  distance  from  the 
centre — in  consequence  of  the  central  parts  of  the  rock  being  delivered 
a  proportionably  thicker-set  series  of  blows — so  that  inevitably  the 
general  face  of  the  chisel  points  must  wear  rapidly  into  a  cone, 
whose  base  was  their  original  flat  surface. 

It  is  scarcely  conceivable  that  this  machine  could  have  worked 
satisfactorily  in  any  sort  of  rock,  even  in  such  as  might  least  tax  its 
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difficulties,  such  as  soft  oolite,  or  new  red  sandstone.  The  work  was 
attempted  to  be  done  dry,  so  that  the  toughness  of  softer  rocks  was 
almost  as  great  a  difficulty  as  the  absolute  destruction  dealt  to  the 
chisels  by  such  material  as  the  siliceous  slates,  or  any  of  the  crystalline 
or  hard  quartzose  rocks. 

Twelve  or  fourteen  years  ago,  a  colossal  machine,  in  construction 
something  like  Capt.  Penrice's,  but  acting  differently  however,  was 
stated  to  be  at  work  on  trial  in  Massachusetts.  In  this  the  face  plate 
was  made  to  revolve,  and  its  circumference  being  provided  witli  a  num- 
ber of  steel  cutters,  it  was  hoped  that  a  circular  groove  should  be  cut 
out  all  round,  by  which  the  central  cylinder  of  rock,  isolated  partially 
when  the  groove  should  have  got  a  foot  or  two  in  depth,  might  be  more 
readily  detached  by  wedges  or  powder.  M.  Gay's  machine  (a  French 
invention)  on  its  largest  scale,  is  of  this  unpromising  sort.  Upon  its 
smallest  scale,  it  consists  of  a  circle  of  diamonds  set  into  the  edge  of  a 
cylindric  tube,  to  which  rotation  is  given,  so  that  the  ring  of  diamonds 
gradually  cuts,  or  rather  scrapes,  out  an  annular  cavity,  and  isolates 
a  cylindric  plug  of  rock,  which  after  a  time  may  he  broken  off,  &c. 
We  have  seen  such  plugs,  which  had  been  cut  out  from  very  hard 
silurian  quartzose  slate  and  from  granite,  and  which  on  the  small 
scale  of  an  inch  or  two  diameter,  were  curious  examples  of  the  success, 
in  so  far,  of  this  singular  mechanical  notion. 

We  need  scarcely  say  that  diamonds  are  not  cutting  tools  ever  likely 
to  be  of  practical  service  to  civil  engineering,  whatever  they  may  be  to 
other  branches  of  art  or  of  manufacture.  We  may  add  that  no  scraping 
or  cutting  tool,  that  proposes  to  act  by  uniformly  continued  movement, 
can  ever  have  even  a  chance  of  success  as  a  hard-rock  perforator  :  for 
this,  in  one  form  or  another,  percussion  is  indispensable,  whileever  rocks 
continue  to  consist  in  part  of  silex,  and  our  available  tools  of  hardened 
cast  steel.  Strike  the  rock,  and  the  rigid  and  brittle  material  is  shat- 
tered more  or  less — while  the  less  rigid  but  tougher  cast  steel  suffers 
but  little :  attempt  to  scrape  away  or  cut  the  rock,  and  the  softer 
material,  the  steel,  is  rapidly  ground  away,  and  almost  no  impression 
made  upon  the  harder  one,  the  rock.  This  obvious  fundamental 
principle  seems  to  have  been  unknown  or  disregarded  in  those  earlier 
attempts. 

It  might  have  been  predicted  that  the  progress  of  the  railway  system, 
and  the  necessity  for  either  surmounting  or  for  penetrating  the  vast 
mountain  ridges  that  geographically  divide  kingdoms,  as  soon  as  great 
international  lines  came  to  be  carried  out,  would  necessitate  great 
advances  in  rock-boring  by  machinery  ;  and  unquestionably  the  practi- 
cal solution  of  the  problem,  so  far  as  it  has  been  solved,  is  in  great  part 
due  to  the  conditions  involved  in  the  first  truly  vast  tunnel  that  has 
been  actually  attacked  by  the  engineer— viz.,  that  of  the  Mont  Cenis. 

The  direct  line  of  future  railway  (now  all  completed  except  at  Mont 
Cenis)  connecting  Paris  with  Turin — viz.,  between  Modane  and  Susa — 
is  at  this  point  to  pierce  the  crest  of  one  of  the  great  ridges  of  the  High 
Alps  by  a  tunnel,  which  when  opened  through  will  be  12,220  metres, 
or  7'5932  English  miles  in  length.  The  French  or  northern  end,  near 
Modane,  is  at  the  entrance  3945  feet  above  the  level  of  the  Mediter- 
ranean. The  tunnel  passes  thence  with  a  rising  gradient  of  22-2  in 
1000,  to  rather  more  than  half  its  length,  where,  under  nearly  the 
highest  part  of  the  ridge  overhead,  the  gradient  will  thence  slope  towards 
Italy,  at  the  rate  of  05  per  1000,  and  will  debouche  at  Bardonnechc 
on  the  Italian  side  of  the  mountain  within  24  miles  of  Susa,  at  a  level 
of  4379  feet  above  the  sea  level. 

The  ridge  actually  in  progress  of  being  pierced  is  the  Col  de  Frejus, 
one  of  the  sharp  sierras,  of  the  Mont  Cenis,  and  its  highest  ridge  is  9525 
feet  above  the  sea  ;  so  that  the  future  first-class  railway  traveller  as  he 
rolls  along  in  the  luxurious  comfort  of  his  lamp-lit  compartment,  antici- 
pating the  burst  of  bright  sunshine  as  his  eye  shall  presently  expand 
upon  the  landscape  of  the  Italian  side,  will  actually  have  above  his  head 
a  depth  of  solid  rock  greater,  by  nearly  two-fifths,  than  the  whole 
height  of  Snowdon  above  the  sea. 

The  tunnel  through  which  he  will  pass,  and  probably  be  passed  by 
other  trains  flying  northwards,  and  that  shall  have  come  up  without 
break  from  the  port  of  Brindisi  on  the  Adriatic,  carrying  mails  and 
passengers  from  India  and  the  Levant,  will  have  a  double  line  of 
way.  It  will  be  26  feet  in  width  at  the  broadest,  and  25  feet  3  inches 
at  the  level  of  the  rails,  with  a  height  of  24  feet  7  inches;  the  running 
section  being  something  of  the  shape  of  a  compressed  parabola,  though 
formed  of  circular  segments  in  its  curved  perimeter. 

The  rocks  through  which  it  is  being  driven  are  of  the  following  sorts, 
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taking  our  departure  from  the  Fourneau  or  Modane  end  at  the  North, 
viz. : — 

1 .  Micaceous  and  taleose  sandstones,  slaty  and  twisted  in  structure. 

2.  Quartzites,  in  which  it  was  expected  to  have  encountered  a  thick 
bed  of  very  hard  quartz,  but  which  will  probably  now  not  be  met  with, 
as  the  point  of  its  existence,  as  indicated  from  above,  has  been  already 
passed. 

3.  Formations  of  gypseous  rooks,  with  much  anhydrite. 

4.  Limestones  of  fine  grain,  slaty  structure,  and  of  great  hardness, 
in  which  occur  some  seams  and  beds  that  look  at  first  sight  almost  like 
anthracite,  but  which  are  probably  only  metamorphosed  black  shining 
carbonaceous  shales.  Beds  of  true  anthracite  are  recently  stated  to  have 
been  cut  through,  with  traces  also  of  veins  of  galena  and  of  copper. 

5.  Various  argillaceous  and  calcareous  schists,  with  siliceous  veins,  &c. 
The  names  of  these  rocks  convey  to  the  ear  of  one  who  alone  knows 

their  congeners  in  England  and  Wales,  no  idea  of  their  hardness  and 
of  the  difficulty  they  oppose  to  penetration  in  the  Alps;  where  every 
rock,  however  geologically  recent,  has  been  exposed  to  6uch  pressure 
and  pyromorphic  hardening  that  many  at  first  sight  are  not  recogniz- 
able at  all,  as  to  their  geological  horizon,  by  the  eye  of  the  British 
geologist. 

Not  perhaps  from  its  mere  length  (for  that  is  not  quite  unprecedented, 
as  it  will  be  recollected  that  Mr.  Vignolles,  C.E.,  long  ago  projected  a 
tunnel  on  the  Manchester  and  Sheffield  line  of  nearly  as  great  a  length, 
since  completed,  though  greatly  shortened,  as  the  Woodhead  tunnel) ;  but 
from  this  length,  and  the  intractable  character  of  the  rock  together,  it 
was  at  the  very  outset  a  question  of  either  not  executing  the  Mont 
Cenis  tunnel  at  all,  or  to  devise  methods  for  hastening  its  execution 
greatly  in  advance  of  what  the  experience  of  hand  labour  had  shown 
it  was  capable  of  performing. 

Judging  by  what  had  been  done  in  Alpine  rocks  by  the  old  methods, 
the  Mont  Cenis  tunnel  would  have  taken  between  forty  or  fifty  years 
to  complete  it.  It  is  quite  true  that  at  a  much  more  recent  period 
M.  Fontenay,  a  French  civil  engineer,  in  a  very  clever  work  upon  the 
construction  of  great  tunnels,  has  shown  that  the  period  of  execution 
may  be  greatly  reduced  by  the  employment  of  a  liberal  number  of 
diagonal  shafts  or  dipping  adits  as  indicated,  for  example,  in  fig.  1,  by 


which  means,  in  place  of  two  or  at  most  four  or  six  headings  or 
points  of  simultaneous  work,  the  tunnel  should  be  attacked  at  once  at 
no  less  than  forty-six  foreheads ;  and  that  this  engineer  has  actually 
offered  to  the  Italian  government  to  guarantee  to  them  under  sufficient 
money  forfeiture  the  full  completion  of  the  Mont  Cenis  tunnel  in  six 
and  a  half  years.  But  this  offer,  whatever  may  be  deemed  its  value, 
came  at  a  time  when  the  works  upon  another  widely  different  system 
were  already  in  hand  and  in  successful  progress. 

We  may,  however,  notice  in  passing,  that  M.  Fontenay  has  shown  ii 
his  work  that  inclined  galleries  present  some  positive  advantages  and 
decisive  elements  of  economy  over  the  more  usual  method  of  vertical 
shafts,  even  when  the  latter  are  possible,  and  has  ably  pointed  out  what 
great  changes  in  condition  and  great  additional  dangers  and  difficulties 
are  developed  where  shaft-sinking  is  to  be  worked  at  depths  far  exceeding 
those  of  our  deepest  mines  and  coal  pits,  and  how  many  of  these  dis- 
appear by  the  substitution  of  inclined  galleries  for  shafts. 

By  his  methods  he  calculates  the  period  of  excavation,  and  reduces 
these  to  a  table  for  all  the  great  tunnels  which  as  yet  have  been  pro- 
jected through  the  various  points  of  the  Alpine  chain,  including  Mont 
Cenis. 

These  are  of  sufficient  interest  to  quote  here ;  for  the  full  particulars 
we  must  refer  to  the  original,  which  is  full  of  interest  to  the  engineer. 


Name  of  Tunnel. 


Mont  Cenis, 
Lauteret, ... 

Splugen, 

Bernardin, .. 
Lukmanier, . 
St.  Gothard, 

Griinsel, 

Albrun, 

Simplon, 

1st  line,... 

2nd  line,... 

3rd  line,... 


Total  length 


Metres. 
10,000 

6,473 
12,000 
10,100 

9,500 
10,000 

9,750 

8,900 

9,000 
13,500 
16,000 


Highest  point 

Number  of 

above. 

headings. 

Metres, 

1611 

18 

350 

20 

750 

38 

600 

30 

850 

20 

750 

36 

700 

32 

900 

32 

800 

30 

2000 

30 

2000 

28 

Time  of 
execution. 


Years.  Mouths, 
6  6 


Fig.  1. 


The  length  here  given  for  the  Mont  Cenis  is  that  remaining  unexe- 
cuted at  the  date  of  M.  Fontenay's  offer.  His  principle  is  based  on 
the  sacrifice  of  a  certain  increased  amount  in  total  of  excavation  (in 
galleries), to  obtain  the  advantage  of  rapidity  of  execution  bysimultaneous 
attack  at  a  great  number  of  points,  and  to  this  he  adds  mechanical 
perforation  at  each  such  point;  but  to  that  we  shall  return. 

And  now  to  revert  to  Mont  Cenis;  as  we  do  not  mean  to  give  a  history 
but  a  very  brief  sketch  only  of  that  work,  it  will  be  sufficient  here  to  say 
that  the  machinery  actually  employed  and  worked  upon  two  foreheads 
only,  was  calculated  as  being  capable  of  completing  the  tunnel  in  from 
ten  to  twelve  years  from  the  commencement.  We  shall  reserve  for  the 
present  the  history  of  its  invention  and  progress  of  improvement,  and 
merely  sketch  here  its  general  nature,  leaving  to  such  of  our  readers  as 
desire  to  have  a  more  comprehensive  and  minute  knowledge  of  its 
details  to  consult  the  following  works  already  in  print,  viz.  :-— 

1.  Relazione  della  direzione  Tecnica,  alia  direzione  generale  delle 
strade  ferrate  dello  stato,  sullo  Traforo  delle  Alpi  tra  Bardonneche  e 
Modane.     4to.     Torino,  1863. 

2.  Une  Visite  a  la  Percee  du  Mont  Cenis.  Par  Paul  Eymard,  &c. 
8vo.     Lyon,  1863. 

3.  Notice  Historique  sur  la  Percee  du  Mont  Cenis.  Par  J.  Bonjean. 
8vo.     Pouchet  a  Chambery,  18G3. 

4.  Notice  Historique  et  Critique  sur  les  Machines  de  Compression 


d'air  du  Mont  Cenis,  &c.     Par  Le  Marquis  Anatole  de  Caligny.    4to. 
Turin,  1860. 

5.  Theorie  du  Compresseur  a  colonne  d'eau  de  MM.  Sommeiller,  &c, 
fonctionant  au  percement  des  Alpes.  Par  M.  P.  de  Saint  Robert. 
Memoire :  Annales  des  Mines,  6  serie,  torn  iii.,  1863. 

6.  Rapport  du  Bureau  Central,  &c,  sur  le  projet  de  loi,  pour  la 
percee,  &c.  Senato  del  Regno.  Sessione  Parliamentare  del  1857. 
No.  68  bis.     An  Italian  Parliamentary  Report.     8vo.  Turin. 

7.  Application  de  la  theorie  mecanique  de  la  clialeur  au  compres- 
seur Hydraulique  du  tunnel  des  Alpes.  Par  M.  A.  Cazin.  Annales 
des  Mines. 

The  power  employed  at  Mont  Cenis  is  that  of  water.  As  it  falls  from 
the  opposite  sides  of  the  mountain  it  is  intercepted  at  a  sufficient  height 
to  afford,  at  the  Bardonneche  end,  a  head  of  85  feet — a  less  one  only 
could  be  obtained  at  the  Modane  end.  Two  sorts  of  machines  are  in 
operation,  by  which  air  is  compressed  to  a  tension  of  five  atmospheres, 
by  means  of  this  water-power.  At  the  Bardonneche  end,  these  are  of 
the  sort  called  "a  coups  de  bellier."  They  are  in  fact  gigantic 
hydraulic  rams,  identical  in  principle  with  that  of  Mongolfier  for  raising 
water — but  having  this  difference,  that  here  the  entire  work  accumulated 
in  a  given  volume  of  water  caused  to  descend  through  a  given  fall,  is 
entirely  expended  in  compressing  a  certain  volume  of  air  from  atmos- 
pheric pressure  to  that  state. 
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Each  machine  is  a  U-shaped  syphon  pipe,  furnished  with  certain 
valves,  so  arranged  that  the  descending  column  of  water  in  one  leg 
rising  into  the  other  compresses  the  air  pent  between  it  and  the  valves, 
which  near  the  top  discharge  into  a  large  air  vessel.  When  the  one 
oscillation  of  the  ascending  column  of  water  has  done  this  work,  it  is 
discharged  by  another  valve  at  the  lower  part  of  the  syphon,  and  its 
place  filled  with  air  ready  for  another  compression  by  the  next  stroke. 
There  are  twelve  or  more  of  these  belliers,  all  similar,  working  into  a 
common  reservoir,  which  communicates,  by  a  pipe  7J  inches  diameter, 
witli  the  remotest  interior  end  of  the  tunnel  working  or  forehead.  The 
main  pipe  of  each  bellier  is  two  feet  diameter,  with,  as  has  been  said, 
85  feet  of  head,  and  communicating  with  an  air-vessel  of  600  cubic  feet 
of  capacity.  Such  machines  alone  were  employed  at  first — subsequently, 
at  both  ends  of  the  tunnel,  air-compressing  pumps  driven  by  water- 
wheels  have  been  superadded.  At  the  Modane  end,  85  feet  of  head, 
which  is  required  to  compress  the  air  to  five  atmospheres,  not  being 
afforded  by  nature,  water-wheels  were  established  by  MM.  Sommeiller 
et  Gran'li,  to  pump  water  up  that  elevation,  whence  it  was  let  down 
again  in  acting  upon  the  bellier — a  most  extraordinary  example  of 
hydrodynamics,  and  one  that  we  should  not  have  been  prepared  to 
find  practised  by  men  of  their  undoubted  ability.  More  recently, 
however,  this  arrangement  has  been  altogether  abandoned  at  this 
end,  and  the  water-wheels  applied  directly  to  compress  the  air  by  air- 
pumps. 

These  pumps  have  two  horizontal  cylinders,  each  21 J  inches  diameter, 
with  a  5  foot  stroke,  and  making  12  strokes  per  minute.  The  pistons 
do  not  act  upon  the  air  directly,  but  by  the  intervention  of  an  oscillat- 
ing short  column  of  water  held  above  them,  whereby  leakage  of  the  air 
past  the  pistons  is  avoided  in  great  part.  The  air  thus  compressed  and 
introduced  to  the  forehead  is  there  employed  (exactly  as  in  the  coal- 
cutting  machinery  of  Frith  and  Donisthorpe,  described  in  this  journal 
some  months  ago)  to  actuate  small  perforating  machines,  travelling  upon 
a  frame-work  on  wheels  and  railway  laid  in  the  tunnel — beneath  which 
is  the  air-pipe.  Each  machine  is  much  of  the  nature  of  a  small  high- 
pressure  horizontal  steam  engine — the  prolonged  piston  rod  of  which  is 
the  steel  drill  or  jumper,  by  the  repercussion  of  which  the  rock  is  per- 
forated for  the  admission  of  the  charges  of  powder  by  which  the  forehead 
is  successively  blown  away. 

Each  machine  is  so  fixed  to  the  frame  that  the  direction  of  the  blows 
of  the  jumper  can  be  changed  or  fixed  at  will ;  and  it  embraces  move- 
ments by  which  the  jumper  is  twisted  slowly  on  its  own  axis,  and 
advanced  as  the  hole  deepens.  Each  machine  makes  250  strokes 
per  minute,  with  a  stroke  variable  from  two  inches  up  to  seven  inches. 
The  striking  plus  pressure  on  the  piston,  or  that  over  and  above  the  back 
pressure  or  air-spring  which  brings  back  the  piston  and  tool  at  the  end 
of  the  stroke,  is  216  lbs. ,  so  that  at  full  stroke  each  machine  is  equi- 
valent to  2  4  horse-power  in  action. 

From  the  7£  inch  main,  flexible  pipes  of  vulcanized  india-rubber, 
wrapped  with  wire  to  enable  it  to  withstand  the  pressure,  and  of  two 
inches  internal  diameter,  supply  the  air  to  each  machine. 

There  are  eleven  of  these  percuieurs  or  perforators  at  one  end,  and 
nine  of  them  at  the  other,  usually  at  work. 

A  large  close  vessel  of  water  accompanies  the  carrying  frame  at  each 
end,  and  is  in  communication  with  the  air  main — so  that  a  stream  of 
water,  under  a  pressure  of  five  atmospheres,  is  constantly  squirted  into 
each  jumper  hole  while  in  progress,  and  washes  out  the  debris,  away 
from  the  cutting  edge. 

Each  machine  weighs  six  hundredweight.  They  are  so  rapidly 
shaken  to  pieces,  or  damaged  more  or  less  by  the  recoil  of  the  rough 
jarriug  blows  to  which  they  are  constantly  exposed,  that  it  is  necessary 
to  have  four  machines  always  under  repair  for  one  in  action. 

About  80  jumper  holes  are  bored  parseme  over  the  face  of  the  fore- 
head, by  changing  the  position  of  the  several  machines  to  each  shift. 
When  these  are  done,  each  from  two-thirds  of  a  metre  to  a  metre  and 
a  half  deep,  the  whole  frame  with  the  machine  is  drawn  back  on  the 
rails  about  100  yards.  The  holes  are  all  charged  with  cartridges,  and 
fired  nearly  simultaneously.  A  pair  of  temporary  folding  doors,  in 
advance  of  the  place  of  the  machines,  are  closed  to  prevent  injury  by 
chance  projectiles. 

The  deblai  is  removed  in  small  waggons,  on  side  rails,  as  soon  as 
possible  after  the  explosion  ;  and  then  the  frame  and  machines  are  run 
up  again  to  begin  work  anew 

A  much  larger  jumper  hole  is  made  in  the  centre  ot  the  face,  and  it 


is  thought  this  central  heavy  charge  is  of  great  value  in  removing  a 
greater  depth  of  rock.  Of  this  there  can  be  no  doubt,  within  certain 
not  very  large  limits.  We  believe,  the  very  best  effect  would  be 
obtained  by  firing  all  the  charges  absolutely  simultaneously  by  gal- 
vanism, for  which  instruments  now  are  provided  of  great  simplicity 
and  certainty. 

As  regards  the  comparative  cost  of  this  method  and  of  hand  work, 
Mr.  Sopwith,  in  his  paper  read  before  the  Institution  of  Civil  Engineers, 
last  session,  concludes — that  it  is  2J  times  as  costly  as  the  same  result 
obtained  by  hand  labour,  but  that  the  rate  of  progress  is  three  times 
as  fast.  We  must  say  we  were  unable  to  agree  with  the  former  part 
of  Mr.  Sopwith's  conclusions,  and  believe  that  his  estimate  greatly  over- 
rates the  cost. 

To  justly  estimate  the  comparative  cost,  the  time  of  final  completion 
is  an  indispensable  element,  in  the  enormous  sums  saved  in  interest  on 
capital  and  in  salaries,  &c,  &c,  on  the  one  hand,  and  by  hastening  of 
the  period  for  returns  by  traffic  begun,  upon  the  other. 

From  1858,  when  the  works  at  Mont  Cenis  were  nominally  begun, 
to  the  end  of  the  year  1862,  the  average  rate  of  progress  of  the  tunnel 
was  3 '686  feet  per  day.  This  soon  after  reached  and  exceeded  4 
feet  per  day.  Still  more  recently,  however  (March,  1865),  a  com- 
paratively soft  rock  has  been  entered  at  the  Modane  end  ;  and  whereas, 
prior  to  this,  the  best  rate  of  progress  anticipated  was  at  the  average  of 
800  metres  per  annum,  or  of  400  for  either  end,  the  experience  at 
this  Modane  end  has  since  been  that  this  soft  rock  is  penetrated  at  the 
rate  of  250  metres  per  month,  or  at  that  of  3000  metres  per  annum. 

If  this  be  confirmed  and  continued,  the  aperture  right  through  may 
be  looked  for  within  the  next  three  years  or  three  and  a  half,  after 
which  probably  a  year  and  a  half  or  two  years  will  be  required  to  cut 
out  the  tunnel  and  dress  the  sides  and  roof  to  the  full  dimensions,  and 
to  lay  the  permanent  way  through  it  for  traffic. 

In  such  an  event  what  becomes  of  any  estimate  of  comparative  cost 
which  leaves  out  of  view  the  saving  of  perhaps  six  years'  interest  on 
capital,  &c,  and  substitutes  on  the  other  side  probably  Jive  and  a  half 
years'  profits  of  traffic  ? 

The  cost  so  far  (i.e.,  prior  to  the  soft  rock  being  found)  would  appear, 
according  to  Mr.  Sopwith,  to  be  about  £210  per  metre  forward  at  the 
French  end.  The  total  estimated  cost  of  the  work  is  £2,600,000,  as 
fixed  by  the  engineers  of  the  lines  at  the  French  and  Italian  sides,  and 
by  the  conventions  as  to  payment  entered  into  by  these  respective 
governments. 

We  have  been  very  brief  in  our  description  of  the  machinery  employed 
at  this  tunnel,  as  we  shall  have  again  to  refer  to  its  details  in  the  suc- 
ceeding portion  of  this  article,  in  which  we  shall  trace  something  of  the 
rise  and  progress  of  the  machinery  for  perforation ;  which,  although 
brought  into  use  successfully  with  condensed  air,  as  a  motive  agent,  by 
MM.  Sommeiller,  Grandi,  and  Grattoni,  is  certainly,  we  think,  in  its 
first  suggestion  and  practical  proof,  with  the  analogous  agent  steam, 
and  afterwards  with  compressed  air,  due  to  our  own  countryman,  the 
late  Mr.  Thomas  Bartlett,  C.E. — Ed. 


ON  THE  MEANS  OF  PRESERVATION  AND  DISTRIBUTION 
OF  MILK  AS  AN  ARTICLE   OF  HUMAN  DIET. 

Milk  in  every  civilized  country  of  the  world,  as  well  as  in  some  few 
inhabited  by  barbarous  peoples,  is  at  once  one  of  the  most  precious, 
irreplaceable,  largely-used,  and  important  elements  of  food. 

In  all  temperate  and  cold  climates  the  milk  of  the  cow — rarely,  as  in 
Tartary,  that  of  the  mare — and  in  warm  or  tropical  regions,  the  milk  of 
the  goat  or  ewe,  produce  the  diet  upon  which  children  and  old  age  depend 
for  nourishment  more  than  upon  any  other  single  material,  after  once 
the  period  of  infancy  is  past.  Camels  and  asses'  milk  are  also  often 
used,  the  latter  in  civilized  countries  chiefly  as  a  medicinal  diet,  and 
thus  need  not  be  further  referred  to  here. 

A  fluid  so  nutritious,  and  yet  so  easily  assimilated,  is  necessarily 
unstable  and  liable  to  rapid  changes,  ending  in  decomposition.  The 
milk  of  northern  pastures,  as  in  Norway  and  Sweden,  seems  to  be 
richer  in  organic  constituents  than  that  produced  in  more  southern 
climates— even  when  the  pasturage  is  equally  good  —a  fact,  the  very 
contrary  of  which  we  should  have  been  prepared  to  expect,  and  for 
which  we  are  not  aware  that  any  satisfactory  solution  has  been  given ; 
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yet  it  appears  to  be  ascertained  that  this  rich  milk  is  less  liable  to 
spontaneous  changes  than  the  poorer  fluid,  which  contains  a  far  larger 
per  centage  of  water.  The  changes  that  take  place  in  milk,  by  agita- 
tion in  contact  with  atmospheric  air,  and  by  slight  elevations  of  tempera- 
ture, after  it  has  once  fallen  below  the  heat  of  the  animal  body  whence 
it  was  drawn,  though  stopping  far  short  of  ultimate  decomposition,  or 
putrescence,  render  the  fluid — no  longer  milk,  in  fact — far  less  palatable, 
and  less  easily  digestible,  and  often  incapable  of  being  employed  in 
combination  with  other  liquid  articles  of  diet.  Means  for  retarding  or 
preventing  those  easily  wrought  changes  have  been  eagerly  sought  after 
for  a  very  long  time,  and  until  recently  with  but  very  incomplete  suc- 
cess. Another  great  object  in  the  treatment  of  milk  as  an  article  of 
commerce,  has  only  fully  developed  itself  within  a  few  years.  At  the 
end  of  the  first  quarter  of  this  century  the  supply  of  milk  for  consump- 
tion, in  every  great  town  in  Europe  and  America,  was  derived  mainly 
from  cows  retained  in  dairies  in  the  immediate  suburbs,  or  often  actually 
within  the  civic  area.  The  evils  of  this  (some  almost  too  nauseous  to 
dwell  upon,  but  which  have  been  fully  exposed,  especially  in  North 
American  publications  of  former  years)  were  very  formidable ;  but 
they  would  have  no  doubt  continued  unchanged  to  the  present  hour, 
bad  not  the  introduction  of  railways  wrought  a  complete  revolution  in 
the  milk  trade,  by  enabling  the  milk  to  be  produced  where  nature 
means  it  should  be,  in  the  country,  and  on  the  pasture  of  the  open, 
lightsome  field ;  and  to  be  transported  thence  with  a  rapidity  and 
under  conditions  that  should  admit  of  its  reaching  the  consumer  sound, 
fresh,  and  before  the  first  changes  of  decomposition  have  occurred. 
The  result  of  the  railway  system  in  this,  as  in  so  many  other  respects, 
has  been  beneficent  in  a  high  degree.  It  has  brought  to  the  Londoner, 
the  inhabitant  of  New  York,  of  Paris,  of  Vienna,  such  milk  (notwith- 
standing an  occasional  admixture  of  water)  as  the  fathers  of  this  gene- 
ration, in  these  or  other  great  towns,  could  not  have  procured  for  money, 
for  the  means  of  carriage  was  wanting.  This  great  and  organized 
transport  by  steam,  of  milk — commenced,  if  we  mistake  not,  in  the  north 
of  England,  at  least  we  first  remember  it  on  the  Lancashire  and  Cumber- 
land lines,  and  now  reaching  as  far  as  the  iron  net  has  yet  been  spread 
over  the  world's  space — has  given  rise  to  two  new  questions  : — 1.  What 
are  the  proper  sort  of  vessels  in  which  the  precious  liquid  should  be 
carried  most  safely  in  all  respects  ?  2.  What  treatment,  if  any,  should 
the  milk  itself  receive  after  it  has  been  obtained  from  the  animal,  and 
previous  to  its  being  sent  upon  its  journey,  so  that  the  fatigues  and  perils 
of  the  way  may  to  the  least  possible  extent  affect  its  "  constitution,"  as 
the  chemists  call  the  combination  of  properties  in  which  its  original  state 
consists. 

But  still  another  question  has  arisen  out  of  steam  locomotion.  Time 
was  when  the  passenger  in  the  stately  Indiaman — as  she  sheeted  forth 
her  white  and  flowing  folds  of  canvas  to  the  bellying  breeze,  when 
dropping  down  to  the  Nore  to  start  upon  her  three  months'  voyage  round 
the  Cape — would  have  seen  some  two  or  three  experienced  cows  that 
had  seen  the  two  hemispheres  more  than  once,  comfoitably  browsing 
their  fodder  in  the  cow-house  on  deck  forward.  These  supplied  the 
milk  that  was  used  on  board  in  those  leisurely  days  of  luxurious  Indian 
voyaging ;  even  still,  on  board  many  of  the  ocean  steamers,  "  the  cow  " 
is  au  institution  on  board. 

It  is  au  institution,  however,  like  many  another  bad  one,  that  steam, 
and  steam  locomotion,  and  science,  will  shortly  put  an  end  to ;  for, 
apart  from  any  questions  of  conveuience  or  economy,  the  milk  of  a 
maritime  cow,  like  the  military  exercise  of  a  horse  marine,  is  not  of  a 
normal  or  advantageous  character. 

It  has  thus  become  also  a  point  of  high  interest  and  mercantile 
importance  to  determine  whether  it  might  not  be  practicable  to  so  treat 
cow's  milk  that  it  should  "  keep  " — that  it  should  bear  being  preserved 
on  board  ship  for  weeks,  or  even  months,  and  yet  be  found  in  a  fit  state 
for  wholesome  and  palatable  use  at  any  moment. 

This  problem,  the  solution  of  which  iu  truth  solves  nearly  all 
others  in  relation  to  milk,  has  in  fact  been  solved  by  France  and 
America  before  we  in  Great  Britain  have  come  to  even  know  very 
much  about  the  matter ;  and  in  both  countries  the  treatment  of  milk, 
so  as  to  admit  of  its  preservation  and  transport,  has  reached  the  position 
of  an  established  trade,  one  which  in  America  has  already  assumed 
large  proportions. 

Milk  from  the  cow  may  be  said  roundly  to  have  the  following  com- 
position, as  shown  in  column  I.,  and,  if  evaporated,  without  decomposi- 
tion, to  complete  dryness,  that  in  column  II.  : — 


COMPOSITION    OF  COWS  MILK. 

Col   I.  Col.  II. 

Water, 87'00     O'OO 

Casein, 4-50     34-75 

Butter,  or  fat, 3  00      2375 

Sugar. 4-75     3700 

Inorganic  salts  (Ash), 0-75     450 


100-00 


100-00 


Amongst  the  inorganic  salts  have  been  detected  portions  of  every 
earthy,  alkaline,  or  metallic  salt  known  to  exist  in  the  human  body, 
even  to  the  fluorine,  which  iu  infinitesimally  minute  proportion  has 
been  detected  by  the  skill  of  the  analyst  as  entering  into  the  composi- 
tion of  the  enamel  of  our  teeth. 

It  may  perhaps  be  much  more  than  doubtful  whether  any  water  at 
all  exists  in  milk  —i.e.,  water  in  the  same  isomeric  condition  in  which 
it  is  found  in  inorganic  nature — but  rather  that  what  developes  itself  as 
water  when  caused  to  exhale  by  the  application  of  heat  to  the  milk,  may 
be  organized  water,  so  to  say,  like  that  which  constitutes  so  large  a 
proportion  of  our  own  bodies,  and  of  the  sap  and  other  juices  of  plants. 

However,  we  see  that  there  is  no  less  than  87  per  cent,  of  pure  fresh 
milk  that  might  be  got  rid  of,  and  the  liquid  reduced  in  bulk  and  weight 
for  transport  to  the  residual  13  per  cent.,  if  we  only  knew  how  to 
accomplish  the  withdrawal  without  injury  to  the  delicate  and  delicious 
but  unstable  liquid.  This  is  what,  to  a  great  extent,  has  been  accom- 
plished, and  of  the  method  of  which  accomplishment  we  propose  to 
give  some  general  account. 

Many  years  since,  M.  de  Villeneuve,  who  was,  if  not  the  earliest,  at 
least  one  of  the  earliest  discoverers  iu  this  field,  succeeded  in  solidifying 
milk,  and  bringing  it  to  the  state  of  a  dry  white  powder,  with  which, 
however,  certain  adventitious  substances  were  said  to  be  mixed.  The 
material,  though  probably  digestible  food,  was,  however,  no  longer  milk, 
nor  reducible  again  to  it  by  any  process. 

M.  de  Signac,  after  him,  showed  that  milk  might  be  evaporated  to 
the  state  of  a  solid  confection  by  the  addition  of  a  large  proportion  of 
concentrated  syrup,  but  neither  was  the  result  any  longer  milk. 

Moore  and  Blatchford,  in  England,  proposed  methods  of  preserving 
milk ;  and  in  Germany,  Grimwade,  appears  to  have  attained  some 
success,  though  we  have  not  been  able  to  discover  anything  as  to  the 
nature  of  his  method. 

M.  Fadeville's  "desiccated  milk,"  which  was  probably  nearly,  if 
not  quite,  the  same  as  that  of  M.  de  Signac,  was  employed  in  1855  at 
the  hospital  of  Scutari,  and,  we  have  understood,  was  much  approved,  as 
a  comfort  for  the  sick  soldier,  by  the  army  surgeons,'  and,  amongst  the 
corps  of  nurses,  by  Miss  Nightingale  herself. 

Early  iu  this  century  M.  Gay-Lussac  and  Maber  proved  that  by  heat- 
ing milk  to  212°  Fahr.  by  steam,  and  at  once  sealing  the  boiled  milk  in 
hermetically  closed  bottles  or  canisters,  it  might  be  preserved,  as  a  liquid 
having  nearly  the  properties  of  milk,  for  a  considerable  period. 

Indeed,  Appert  had  arrived  at  almost  the  same  result ;  and  we  believe 
that  simple  boiled  milk  in  tins,  is  prepared  by  Mr.  Gamble,  of  Cork,  and 
by  other  houses  engaged  in  the  preparation  of  maritime  provisions  in  air- 
tight cases.  Milk  thus  prepared,  however,  soon  changes  in  flavour,  and 
ultimately  becomes  nauseous,  and  hence  most  probably  unwholesome. 

To  M.  de  Pierre  appears  to  be  due  the  credit  of  having  first  devised 
such  a  modification  of  the  mere  process  of  boiling,  as  admits  of  the  milk 
being  preserved  for  lengthened  periods  sound  and  good.  The  results  of 
his  process,  though  not  its  descriptive  particulars,  were  first  communi- 
cated in  this  country  by  the  Abbe  Moignio,  who,  in  1854,  and  again  in 
1859,  brought  several  gallons  of  milk  with  himself  from  France  to  Great 
Britain,  and  produced  it  at  meetings  of  the  British  Association,  where, 
after  its  travels  and  shaking,  during  the  warm  weather  of  autumn,  and 
for  a  period  of  several  days  ere  it  reached  Edinburgh,  it  was  pronounced 
by  all  who  tasted  it,  amongst  whom  was  Professor  Christison,  to  be 
palatable  and  salutary. 

Milk  prepared  by  M.  de  Pierre's  process  has  been  kept  in  sealed 
bottles,  it  is  said,  for  five  and  a  half  years,  and  was  still  in  good  condition. 

M.  de  Pierre's  methods,  from  what  little  has  been  revealed  of  them 
in  England,  appear  to  be  identical  with  those  of  Mr.  Borden,  who  more 
recently  has  established  as  a  permanent  and  great  trade  the  prepara- 
tion of  milk  in  two  forms,  viz.,  its  concentration  in  bulk  by  removal  of 
a  large  proportion  of  its  aqueous  constituents,  so  as  to  enable  it  to  be 
transmitted  on  land,  &c,  for  distribution  with  greater  facility  and 
cheapness,  and  in  a  more  stable  condition  as  respects  its  tendency  to 
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decomposition ;  and  besides  this,  its  further  preparation  in  sealed  vessels 
for  use  at  sea,  or  in  great  land  journeys  by  emigrants,  &c.,  such  as  occur 
constantly  between  the  west  and  east  sides  of  the  North  American 
continent,  over  its  almost  pathless  wilds. 

Mr. Borden's  process  consists  essentially  of  three  distinct  operations: — 

1.  The  heating  the  milk  under  peculiar  conditions  to  a  temperature 
of  from  190°  to  195°  Fahr.,  by  which  the  casein  or  curd  is  sufficiently 
changed  in  its  molecular  condition  that  it  does  not  separate  afterwards. 

2.  The  evaporation  of  a  large  proportion  of  the  watery  fluid  of  the 
miik  in  vacuo,  at  a  temperature  of  only  190°  to  195°. 

3.  The  continuation  of  the  evaporation  in  vacuo  after  the  source  of 
heat  is  withdrawn,  for  the  purpose  of  removing  certain  other  volatile 
constituents,  upon  the  presence  of  which  the  tendency  to  decomposition 
appears  much  to  depend. 

The  novelty  and  success  of  the  whole  seems  to  depend  much  more  oh 
the  observation  of  some  minute  circumstances,  than  on  anything  radi- 
cally different  from  anterior  methods.  The  milk  as  delivered  from  the 
country  dairies  in  large  air-tight  tin  cans,  quite  full,  is  submitted  to  a 
preliminary  examination  as  to  its  qualities  and  freedom  from  dilution, 
and  then  passed  through  a  fine  straining-cloth  or  sieve  into  a  reservoir, 
so  that  any  hairs  or  other  adventitious  matter  may  be  got  rid  of. 

From  this  reservoir  are  rapidly  filled  tall  cylindrical  cans,  which  are 
made  of  brass  (we  think,  unadvisedly),  and  each  of  which  holds  about 
twelve  gallons. 

As  fast  as  these  are  filled  in  groups  of  eighteen  each,  the  whole 
group  is  put  into  a  water-bath,  heated  by  a  coil  of  steam-pipe.  In 
this  the  milk  in  the  cans  is  rapidly  warmed,  up  to  190°  to  195°;  the 
rise  of  temperature  being  narrowly  watched,  with  the  aid  of  the 
thermometer,  and  the  cans  removed  as  soon  as  that  temperature  is 
attained. 

It  is  stated  by  organic  chemists,  that  the  albuminous  matter  which 
forms  part  of  the  casein  of  milk,  though  readily  coagulable  by  acids, 
caunot  be  coagulated  by  heat  alone.  Whether  this  be  so  or  not, 
some  change  appears  to  be  produced  by  this  preliminary  rapid 
heating  up  to  this  temperature,  which  prevents  subsequent  changes 
in  the  evaporation  in  vacuo,  though  carried  on  at  a  temperature 
quite  as  high.  Some  coagulation  does  occur,  for  a  thin  film  of 
matter  like  white  of  egg  is  found  adherent  to  the  inside  of  each  of 
the  heating  cans  when  emptied.  This  film  it  is  necessary  to  remove 
with  scrupulous  care  in  cleansing  the  cans  for  a  new  charge,  to  pre- 
vent its  becoming  a  sonrce  of  putrescence  or  ferment  to  the  next  or 
subsequent  charges  of  milk :  and  one  of  the  great  merits  of  this  pro- 
cess consists  in  the  fact,  that  by  heating  the  milk  in  the  water-bath 
(whose  temperature  never  rises  above  195°),  in  place  of  over  a  naked 
fire,  or  by  the  direct  action  of  steam  at  212°,  this  coagulum  is  reduced 
to  the  thinnest  possible  film,  and  hence  the  least  possible  amount  of 
valuable  material  removed  from  the  milk ;  and  that  the  film  itself  is  not 
burnt  or  reduced  to  a  horny  consistence,  by  which  the  flavour  of  the 
milk  is  injured,  and  the  removal  of  the  film  from  the  vessel  made 
extremely  difficult. 

Even  with  the  water-bath  method,  great  difficulties  were  for  a  length 
of  time  experienced  in  completely  removing  this  film  from  the  interior 
of  the  cans.  It  was  finally  accomplished,  however,  by  substituting  for 
hand-scouring  a  simple  but  beautiful  operation.  Each  can,  when 
emptied  and  drained,  is  inverted  over  a  small  vertical  pipe,  from  which 
issues  a  jet  of  high  pressure  steam.  As  soon  as  the  can  has  got 
thoroughly  heated,  it  is  removed  and  submitted  to  a  forcible  jet  of  cold 
water,  when  partly  by  the  change  induced  on  the  coagulum  by  the  high 
temperature,  and  partly  by  the  sudden  expansion  and  subsequent 
contraction  of  the  brass  can,  the  film  detaches  itself  with  ease.  Since 
this  method  has  been  found  successful,  it  has  been  also  applied  to  the 
cleansing  of  the  milk  cans  themselves,  in  which  the  milk  is  brought 
from  the  dairy  farm. 

The  same  general  method,  we  may  remark,  has  been  in  use  for  seve- 
ral years  now  in  all  our  great  breweries,  for  cleansing  the  porter  and 
ale  casks  from  their  internal  film  of  impurity.  This  coating,  however 
different  in  flavour,  &c,  has  many  close  chemical  analogies  with  the 
milky  film  we  are  here  concerned  with.  The  process  for  cask-cleansing 
was  invented  and  patented  by  Mr.  R.  Davison,  C.E.,  of  London,  and 
the  final  operation,  according  to  his  specification,  consists  in  drying  the 
interior  of  each  cask  by  a  jet  of  hot  air,  passed  in  at  the  bunghole, 
the  air  being  heated  to  upwards  of  300°  Fahr.,  a  temperature  at  which 
all  fermentive  organic  matter  is  changed  or  destroyed.     We  have  no 


doubt  but  that  the  addition  of  this  hot-air  drying  to  Mr.  Borden's  method 
would  be  found  highly  advantageous ;  and  as  respects  our  own  English 
dairy  farmers,  we  would  recommend  Mr.  Davison's  arrangement  (of 
which  we  have  had,  in  one  or  two  of  the  great  breweries,  some  experi- 
ence) as  the  very  best  and  most  effectual  and  rapid  mode  by  which 
their  railway  milk  cans  shall  be  freed  from  taint. 

The  milk  having  been  thus  heated,  is  collected  into  a  large  vat  in 
which  it  retains  nearly  all  its  beat,  and  from  which  it  is  transferred  to 
the  interior'  of  large  copper  vacuum  pans,  each  holding  about  2£0 
gallons. 

These  are  nearly  spherical.  The  lower  portion  is  surrounded  by  a 
steam-jacket,  and  penetrated  by  a  steam  worm  or  coil,  detachable  for 
the  purpose  of  cleansing  the  interior,  and  with  a  large  man  lid  to  the 
upper  portion,  and  two  glass  plates  at  opposite  ends  of  a  diameter,  in 
order  that  the  condition  of  the  boiling  inside  may  be  watched,  by  the 
help  of  a  beam  of  strong  light  thrown  in  at  one  end  of  them.  There  are 
also  fixed  thermometers,  vacuum  gauges,  and  tubes,  by  which  the  milk 
is  admitted  and  withdrawn.  The  upper  part  of  the  pan  being  placed 
in  connection  with  the  air-pump,  which  is  worked  by  a  steam  engine, 
and  a  vacuum  of  about  20  to  24  inches  of  mercury  obtained,  the 
stopcock  of  the  tube  for  admitting  the  milk  is  opened,  when  that  liquid 
is  drawn  in  from  the  milk  vat  before  described ;  at  nearly  the  same 
moment  the  steam  is  turned  on  to  the  jacket  and  coil.  Sometimes 
the  milk,  even  after  the  previous  heating  to  190°,  foams  and  froths  so 
much  as  to  be  inconvenient ;  but  usually  the  preliminary  heatiug,  as 
one  of  its  results,  has  enabled  the  milk  to  boil,  in  vacuo,  steadily  and 
quietly.  As  the  boiling  at  this  low  temperature  of  190°  proceeds,  and 
the  volume  of  the  milk  gets  reduced,  fresh  supplies  of  milk  are  from 
time  to  time  let  to  run  in  ;  the  whole  process,  especially  as  to  tempera- 
ture, is  narrowly  watched ;  and  finally,  after  nearly  800  gallons  of  the 
warmed  milk  have  been  introduced  into  each  vacuum  pan,  the  process 
of  steam  evaporation  is  continued  until  the  whole  is  reduced  to  200 
gallons. 

The  steam  is  now  shut  off,  and  a  stream  of  cold  water  is  turned  in 
through  the  steam-jacket  and  coil,  the  air-pumps  being  still  kept 
working.  Owing  to  the  cooling  of  the  milk  a  higher  vacuum  is  very 
soon  produced,  less  vapour  being  evolved ;  and  now  commences  the 
third,  and  certainly  most  curious,  part  of  the  process.  The  further 
concentration  of  the  milk-  by  evaporation  of  water  is  from  this  point 
very  small,  but  as  soon  as  the  temperature  falls  considerably,  some 
volatile  animal  substance  begins  to  exhale,  and  is  at  once  perceptible 
in  the  peculiar  odour  of  the  vapour  discharged  by  the  air-pump. 

With  most  milk,  with  all  that  is  of  unexceptionable  quality  and  from 
country  dairies,  this  odour  is  very  much  that  of  milk  as  it  is  drawn 
from  the  cow  fresh  into  the  milking  pail,  but  it  generally  has  a  slightly 
heavy  and  foetid  animal  odour;  and  with  some  milk  (such  as  that 
produced  in  those  abominations,  the  "  distillery-wash"  town  dairies, 
whose  existence,  both  in  the  United  States  cities  and  in  our  own,  is, 
we  hope,  almost  ended),  it  is  said  to  be  insupportably  foetid  and  odious. 

The  very  existence  of  this  odorous  constituent  of  milk  appears  to 
have  been  first  revealed  by  Mr.  Borden's  process,  and  its  exact  chemi- 
cal nature  is  still  wholly  unknown,  though  it  is  highly  probable  that  it 
is  a  volatile  animal  fat,  in  part  at  least  of  the  nature  of  "  hyrcine,"  and 
of  that  which  sometimes  gives  to  mutton  so  intolerably  rank  a  flavour. 

Whatever  be  its  nature,  upon  the  presence  of  this  substance  much 
of  the  readiness  to  decomposition  in  the  milk  seems  to  depend;  and 
when  once  it  has  been  removed  by  the  air-pump,  the  concentrated  milk 
seems  comparatively  free  from  tendency  to  change,  even  in  the  open 
air,  and  for  a  considerable  time. 

These  facts  are  full  of  instructive  conclusions ;  they  prove  at  once  the 
putrescent,  and  hence  unwholesome,  qualities  of  milk  produced  under 
the  unnatural  stimulus  of  "distillery  wash  and  grains"  diet,  under 
which  the  poor  penned-up  animal  is  kept  in  a  feverish  state  of  abnor- 
mally prolonged  lactation,  and  is,  in  fact,  in  a  state  of  disease ;  and. 
they  show  the  means  of  detecting  and  discriminating  from  wholesome 
milk  that  which  is  thus  produced. 

The  milk,  now  arrived  at  the  end  of  the  process,  has  had  as  much 
(if  required)  as  80  per  cent,  of  its  water  withdrawn.  It  is  at  once  run 
out  of  the  vacuum  pans  and  into  large  cans  standing  in  a  bath  of  ice  and 
"water,  by  which  it  is  cooled  to  the  temperature  of  the  atmosphere  (at 
least)  in  about  an  hour.  The  concentrated  milk  is  now  in  condition 
either  to  be  distributed  to  consumers  by  rail  and  otherwise,  with  a 
saving  of  three-fourths  of  its  bulk  and  weight,  and  with  the  certainty 
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of  its  reaching  its  destination  in  sound  condition ;  or  it  may  be  filled 
into  hermetically  sealed  bottles  or  cans,  for  use  on  board  ship,  &c. 

For  the  former  purpose,  i.e.,  for  distribution,  the  American  milk  cans 
introduced  by  Mr.  Borden,  present  an  immense  improvement  upon  those 
in  use  in  Continental  Europe  and  in  England,  effected  by  the  simplest 
means. 

Each  milk  can  is  provided  with  an  interior  vessel,  to  contain  crushed 
ice,  having  its  mouth  at  the  top  of  the  can,  and  closed  by  a  screw 
water-tight  cap.  By  this  means,  in  the  heat  of  a  New  Jersey  summer, 
the  milk  is  kept  cool  and  sweet. 

The  bulk  of  the  ice  in  the  United  States  milk  cans  is  stated  to  be  to 
that  of  the  concentrated  milk  in  each  can,  as  1  to  4;  but  for  our  colder 
English  summer  climate,  probably  1  to  8  would  be  found  sufficient. 

Milk  thus  prepared  is  sold  in  New  York  at  thirty  to  thirty-five  cents 
per  quart,  delivered  to  the  consumer. 

The  latter  dilutes  the  concentrated  milk  with  water  for  most  pur- 
poses, and  it  is  said  that  it  requires  rather  more  water  to  be  added  than 
equals  the  bulk  of  that  which  was  withdrawn  by  evaporation,  to  pro- 
duce a  mixed  liquid  possessing  quite  the  same  flavour  and  richness  as 
the  original  milk.  This  would  indicate  that  one  of  the  effects  of  concen- 
tration must  be  to  produce  such  a  molecular  change  in  the  milk,  as  to 
make  its  constituents,  the  casein  and  fatty  matters  especially,  less 
miscible  with  water  than  before,  and  probably  to  enrich  the  flavour  of 
all  the  constituents  by  some  new  combinations  of  the  sugar,  the  fat,  and 
the  casein. 


The  upshot  of  this  descriptive  narrative  is  suggestive  of  the  greatly 
more  skilful  way  in  which  scientific  knowledge  is  often  applied  to 
common  things  in  France  and,  though  in  less  degree,  in  the  Northern 
States,  than  with  ourselves.  We  are  satisfied  that  there  are  great  open- 
ings for  trade  around  numbers  of  our  own  great  towns,  developable  by 
the  adoption  of  these  processes ;  and  from  a  somewhat  intimate  know- 
ledge of  the  condition  and  capabilities  of  Ireland,  as  a  pasture  and  dairy 
country,  we  are  impressed  with  the  conviction,  that  hy  these  means  a 
great  trade,  in  concentrated  and  therefore  transportable  milk,  might  be 
opened  between  that  country  and  the  English  and  Scottish  portions  of 
the  empire.     Such  a  trade  is  not  otherwise  possible. 

The  vast  table-land  of  the  counties  of  Kerry,  Cork,  Limerick,  Tip- 
perary,  and  Waterford,  with  the  rich  pastures  of  Wexford,  might 
become  the  sources  of  supply  for  concentrated  milk  to  the  whole  south 
of  England,  where  the  land  can  be  much  more  profitably  employed  in 
tillage  than  in  dairy  farming.  The  result  would  be  a  right  disposition 
of  husbandry  to  each  country,  in  accordance  with  the  climate]  conditions 
which  nature  has  assigned  to  each — England  with  its  sun  for  corn; 


Ireland  with  its  mild  and  moist  climate,  and  rich  calcareous  mixed 
soils,  for  dairy  produce. 

So  also  might  the  vast  pasturage  of  the  west  and  north-west  of 
Ireland  become  the  great  sources  of  milk  for  Lancashire,  Yorkshire, 
and  Scotland.  Here  is  a  manufacture  fitted  for  Ireland — fitted  at  once 
to  its  soil,  its  climate,  and  to  the  existing  conditions  of  its  people. 
Railways  and  steam  ships  give  the  means  of  its  success,  and,  with  its 
success,  profit  to  him  who  makes  it  succeed. — Ed. 


CLAYTON,  SHUTTLEWORTH,  &  CO.'S  IMPROVED  TRACTION 
ENGINE. 

Messrs.  Clayton,  Shuttleworth,  &  Co.  have  recently  introduced 
an  improved  traction  engine,  of  which  we  give  an  illustration.  The 
well-known  reputation  of  the  firm  for  the  ordinary  portable  engines 
naturally  leads  to  the  conclusion,  that  in  workmanship  and  mechanical 
arrangement,  anything  turned  out  of  the  Stamp-End  Works  will  be 
fully  equal  to  the  requirements  of  the  day. 

The  most  important  feature  claimed  as  a  novelty  in  these  engines  is 
the  adaptation  of  a  self-acting  compensating  motion,  by  means  of 
which  both  wheels  are  kept  in  gear,  and  accommodate  themselves  to 
the  sharpest  curves  without  loss  of  power.  The  engine  is  also  driven 
by  spur  gearing,  in  place  of  the  chain  formerly  employed — a  great 
improvement  in  engiues  where  no  great  speed  is  required. 

We  inspected  one  of 
their  engines  very  re- 
cently at  Merton,  in  Sur- 
rey, and  were  much  pleased 
with  the  readiness  with 
which  it  was  steered 
through  the  intricacies  of 
a  Surrey  farm-yard,  the 
stopping  and  starting  be- 
ing almost  instantaneous, 
whilst  the  engine  was 
readily  turned  in  twice  its 
own  length. 

The  engine  in  question 
is  used  very  largely  by 
the  proprietors  of  steam 
thrashing  machines,  who 
find  an  immense  advan- 
tage in  being  able  to  move 
the  engine  and  thrashing 
machines  about  from  farm 
to  farm  by  steam  power, 
in  place  of  having  to  wait 
the  convenience  of  the 
farmers,  whose  horses  are 
often  most  busily  employ- 
ed for  other  purposes  just 
when  required  by  the 
owner  of  the  portable 
thrashing  machine. 
The  engine  we  inspected  was  one  of  ten  horse  -power ;  having  two 
cylinders,  each  seven  and  a  half  inches  diameter ;  length  of  stroke, 
twelve  inches ;  and  number  of  strokes  per  minute,  120 ;  diameter  of 
driving  wheels,  five  feet  nine  inches,  and  of  fore  wheels,  four  feet. 

NEW   LOCALITY   OF   EMERY. 
Emery,  though  not  consumed  in  very  enormous  quantities,  is  yet  of  so 
rare  occurrence  in  nature,  and  is  so  indispensable  to  many  branches  of 
art  and  manufacture,  that  it  may  truly  be  called  one  of  the  most  pre- 
cious and  important  minerals  in  the  world. 

Hitherto  it  has  been  obtained  almost  exclusively  in  Europe  from  the 
Greek  Island  of  Naxos,  and  from  a  bed  in  the  vicinity  of  Smyrna,  in  Asia 
Minor.  A  new  habitat  has  just  been  discovered  of  it  in  Massachusetts, 
United  States,  where  it  is  said  a  bed  exists  of  some  feet  in  thickness, 
passing  with  a  rapid  dip  along  the  flank  of  a  hill  side,  and  already 
traced  to  a  distance  of  some  hundreds  of  yards.  The  quality  of  the 
mineral  is  stated  to  be  very  fine;  and  there  are  some  very  curious 


May  1,  1S65. 


THE    PRACTICAL   MECHANIC'S  JOURNAL. 


Kthological  circumstances  that  have  revealed  themselves  in  the  progress 
of  the  partial  explorations  already  made. 

For  example,  embedded  in  the  massive  gangue  of  finely  crystallized 
talc,  which  forms  the  walls  of  the  bed  of  emery  in  mass,  are  found 
large  spherical  masses  of  solid  emery  quite  isolated  from  the  matrix, 
of  the  hardest  and  finest  quality,  and  which  do  not  present  any  of 
the  characters  of  rolled  masses  or  boulders,  but  rather  seem  to  have 
been  chemically  formed  in  situ. 

The  American  States  may  be  congratulated  upon  the  discovery  of 
this  valuable  addition  to  the  mineral  wealth  of  that  country. 

It  is  not  quite  improbable  that  emery  may  exist  in  the  formations  of 
the  British  islands.  If  so,  no  localities  would  be  so  likely  to  reward  a 
careful  search  for  it  as  certain  parts  of  Waterford  and  Wexford,  in  the 
south,  and  of  Donegal,  in  the  north  of  Ireland.  In  Scotland,  more 
doubtfully  in  the  north-west,  and  possibly  in  the  Western  isles. 

It  is  just  possible,  but  unlikely,  that  it  might  be  found  in  North 
Wales.  Amongst  the  serpentinic  and  slate  rocks,  which  have  been 
highly  metamorphosed  by  heat,  and  the  neighbourhood  of  masses  rich 
in  magnesia  and  alumina  in  special  molecular  conditions,  emery  may 
be  looked  for  with  hope  of  success. 


THE   LONDON   ASSOCIATION  OF   FOREMEN   ENGINEERS. 

We  are  gratified  in  finding  that  this  society  is  gradually  extending  its 
influence  and  enhancing  its  reputation,  for  it  unquestionably  supplies  a 
want  which  too  long  existed  among  what  may  be  termed  the  middle 
class  of  the  mechanical  community  of  Great  Britain.  The  foreman  of 
an  engineering  establishment  has  a  very  important  part  to  perform,  and 
his  duties  are  onerous  and  arduous.  It  is  not  too  much  indeed  to  say, 
that  the  success  or  failure  of  his  employers  depends  to  a  very  consider- 
able extent  upon  the  fitness  of  a  foreman  for  his  post.  He  should  be 
at  once  skilful,  energetic,  and  conciliatory ;  for  his  occupations  are  ever 
varying,  and  very  frequently  difficult,  and  he  has  to  study  alike  the 
interests  of  his  superiors  and  the  rights  of  those  under  his  control.  Per- 
haps only  those  who  are  intimately  acquainted  with  the  interior  economy 
of  large  workshops,  can  appreciate  thoroughly  the  qualifications  for  con- 
stituting an  efficient  foreman.  Without  disparagement  to  the  ordinary 
workman,  or  placing  the  foreman  on  a  more  elevated  social  platform 
than  he  deserves,  it  must  be  said  that  there  is  a  wide  space  between 
the  two.  There  is  no  kind  of  comparison  as  to  the  professional  anxieties 
of  the  one  and  the  other.  The  skilled  workman,  it  is  true,  has  his  mission, 
and  a  very  useful  one;  but  upon  the  scientific  and  practical  direc- 
tions he  receives  must  depend  the  results  to  others  of  his  handicraft. 
Materials  and  time  are  valuable  commodities  in  a  factory,  and  it  is 
especially  the  foreman's  task  to  economize  both  by  instructing  his  men 
carefully  and  thoughtfully  in  their  use,  so  as  to  prevent  their  being 
squandered  or  misapplied.  Upon  his  shoulders  must  rest  the  blame 
of  blundering  designs,  imperfect  modes  of  accomplishing  mechanical 
operations,  inadequate  estimates,  and  useless  experiments;  and  vice  versa. 

It  it  unnecessary,  however,  to  insist  further  upon  the  mental  and 
practical  conditions  requisite  in  the  formation  of  a  good  foreman.  Both 
masters  and  workmen  know  full  well  the  value  of  such  an  officer,  and 
certainly  very  many  of  the  great  mechanical  achievements  which  during 
the  last  century  have  distinguished  this  country,  owe  their  accomplish- 
ment to  the  ceaseless  activity,  well-trained  talent,  and  moral  courage  of 
foremen  engineers. 

Prior  to  the  establishment  of  this  association,  it  may  be  said  with 
almost  literal  truth  that  no  institution  or  organized  means  whatever 
existed  in  England  for  theeducational  improvement  of  foremen  engineers. 
From  our  class  prejudices  in  part,  and  from  other  more  valid  reasons, 
they  were,  with  very  few  exceptions,  scarcely  deemed  eligible  for  mem- 
bership in  any  of  our  great  bodies  of  pure  or  applied  science.  A  few 
lectures  of  a  casual  and  scattered  character,  and  seldom  on  subjects  of 
immediate  importance  to  their  pursuits,  they  might  perchance  attend, 
and  for  a  time  Mechanics'  Institutes  seemed  to  promise  to  fulfil  more 
or  less  the  want  so  many  experienced ;  but  for  many  years  past  there 
was  no  institution  open  for  the  improvement  of  the  foreman.  The 
main  object  of  the  Association  of  Foremen  Engineers  is  to  increase  in 
every  way  the  fitness  of  its  members  for  the  performance  of  their 
responsible  duties,  and  it  not  only  deserves  but  is  entitled  to  the  friendly 
co-operation  of  employers  and  the  support  of  the  scientific  press,  which 
works  with  equal  favour  upon  the  upper,  the  middle,  and  the  lower 


classes  of  the  mechanical  section  of  the  British  public,  and  which  exists 
for  the  interests  of  all.  The  monthly  meetings  of  the  society  are  fraught 
with  advantage  to  those  who  attend  them,  and  the  papers  read,  as  well 
as  the  discussions  which  follow  the  reading  of  papers,  are  for  the  most 
part  highly  instructive.  It  militates  to  a  certain  extent  against  the 
dignity  of  the  association,  that  its  place  of  assembling  is  as  yet  a  tavern : 
but  many  now  flourishing  institutions  were  born  and  nurtured  in  similar 
places,  and  among  them,  as  an  instance,  may  be  mentioned  that  of  the 
Civil  Engineers.  It  is  probably  "the  poverty,  and  not  the  will"  of 
the  foremen,  which  induces  them  to  remain  where  they  are,  and  the 
practical  mode  for  removing  the  stigma  is  to  assist  them  in  gaining 
sufficient  funds  to  obtain  private  rooms  of  their  own. 

We  understand  that  a  very  large  accession  of  members  has  taken 
place  since  the  late  anniversary  festival  of  the  society— a  greater  number 
indeed  than  joined  it  during  the  entire  previous  year.  This  fact  is 
chiefly  due  to  the  friendly  countenance  lent  it  on  that  occasion  by  the 
principal  engineering  employers  of  the  metropolis;  but  if  the  foremen 
engineers  and  mechanical  draughtsmen  of  the  couutry  generally,  will 
only  examine  for  themselves  the  rules  of  the  institution,  and  learn  more 
of  its  intellectual  and  benevolent  projects,  we  feel  assured  that  they  will 
hasten  to  join  its  ranks,  not  by  tens  or  twenties,  but  by  hundreds  !  For 
ourselves  we  shall  be  glad  to  have  hastened  such  a  consummation. 


THE  MAIN  DRAINAGE  WORKS  OF  LONDON. 

On  the  4th  ult.  His  Royal  Highness  the  Prince  of  Wales  celebrated 
the  opening  of  the  Low-level  portion,  at  the  Southern  outfall,  of  this 
gigantic  piece  of  civil  engineering  by  starting  the  pumping  engines  at 
Crossness  Point,  which  now  lift  the  sewage  and  rainfall  of  the  south 
side  of  the  city,  amounting  to  some  24,000,000  gallons  daily,  into  the 
Thames  at  Erith.  As  far  as  the  abundance  of  sewers  and  drains  might 
go,  in  all  probability  London  has  for  centuries  been  one  of  the  most 
largely  drained  cities  in  existence ;  but  after  the  sewage  had  left  the 
conduits,  and  became  poured  into  the  once  clear  Thames,  malaria  of 
so  corrupting  a  nature  has  been  produced  that  fever  and  diseases,  the 
vilest  sometimes  to  which  humanity  is  subject,  have  ravaged  more  or  less 
all  (especially  the  low-lying)  parts  of  the  metropolis. 

It  is  not  meant  here  to.  convey  the  idea  that  imperfect  drainage  has 
been  the  sole  cause  of  these  pestilences,  but  beyond  doubt  it  is  to  it 
mainly  attributable ;  and  although  so  grand  a  scheme  as  the  one  to 
which  reference  is  now  made  has  in  reality  been  reduced  to  practice,  it 
cannot  be  expected  to  see  the  health-rate  of  our  metropolis  very  much 
raised  until  the  Board  of  Works  and  their  colleagues  have  introduced 
many  more  sanitary  improvements,  especially  some  of  a  domestic 
nature. 

But  no  discredit  is  in  these  remarks  reflected  on  any  one — indeed  at 
present  such  cannot  be  ;  for  when  we  remember  the  vastness  of  a  city 
like  our  capital,  and  the  consequently  innumerable  sanitary  works  con- 
nected with  it,  it  is  then  an  easy  matter  to  comprehend  that  operations 
of  improvement  so  enormous  as  they  must  be,  can  be  carried  out  only 
under  a  long  process  of  time,  the  profoundest  judgment,  and  at  an 
expenditure  not  always  at  command. 

Though  much  has  of  late  years  been  done  to  improve  the  health  of 
our  large  towns  and  cities,  nothing  has  yet  been  executed  of  so  national 
a  character  as  the  Main  Drainage  Works  of  the  metropolis.  A  few 
figures  will  explain  the  dimensions  of  the  operations,  and  the  diffi- 
culties which  have  been  encountered.  There  are  now  about  1300 
miles  of  sewers  in  London,  and  82  miles  of  main  intercepting  sewers; 
318,000,000  bricks  and  880,000  cubic  yards  of  concrete  have  been 
consumed,  and  3,500.000  cubic  yards  of  earth  have  been  excavated  in 
the  execution  of  these  main  drainage  works.  The  total  pumping 
power  employed  is  equivalent  to  2380  horse,  nominal;  and  if  at  full 
work  night  and  day  44,000  tons  of  coal  per  annum  would  be  con- 
sumed. The  sewage  on  the  north  side  of  the  Thames  at  present 
amounts  to  10,000,000  cubic  feet  a  day,  and  on  the  south  side  to 
4,000,000 :  but  provision  is  made  for  an  anticipated  increase  up  to 
11,500,000  on  the  north  side,  and  5,750,000  on  the  south  side,  in  addi- 
tion to  28,500,000  cubic  feet  of  rainfall  per  diem  on  the  north  side, 
and  17,250,000  cubic  feet  per  diem  on  the  south  side,  or  a  total  oi 
63,000,000  cubic  feet  per  diem,  which  is  equal  to  a  lake  of  482  acres, 
three  feet  deep,  or  fifteen  times  as  large  as  the  Serpentine  in  Hyde 
Park. 
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The  cost  of  these  stupendous  works  has  only  amounted  to  little  more 
than  £4,000,000.  The  sum  for  defraying  this  expense  is  raised  by  loan, 
and  paid  off'  by  a  3d.  rate  levied  on  the  metropolis,  which  produces 
£180.262  per  annum,  the  rateable  value  being  £14,421,011,  and  the 
principal  and  the  interest  of  the  loan  will  be  paid  off  in  forty  years. 

It  is  now  proposed  to  give  a  brief  resume  of  all  that  has  been  yet 
accomplished  towards  the  completion  of  so  interesting  and  no  less  im- 
portant an  undertaking. 

According  to  the  old  system,  the  Thames  was  in  reality  the  main 
sewer  of  London.  All  drains  and  sewers  flowed  north  and  south  into 
the  river,  where  their  low  level  prevented  their  discharging  at  any  time 
but  dead  low  water,  when  all  London's  refuse  was  kept  tossing  back- 
wards and  forwards,  till  the  river  became  one  of  the  foulest  and  most 
offensive  open  sewers  in  Europe.  As  the  tide  rose  it  closed  the  outlets, 
and  poured  back  the  sewage  flowing  from  the  high  grounds,  which 
accumulated  in  the  low-lying  portions  of  the  sewers,  where  it  remained 
stagnant  in  many  cases  for  eighteen  out  of  ever}'  twenty-four  hours. 
During  that  period  the  heavier  ingredients  were  deposited,  and  from 
day  to  day  accumulated  in  the  sewers ;  besides  which,  in  times  of  heavy 
and  long-continued  rains,  and  more  particularly  when  these  occurred  at 
the  time  of  high  water  in  the  river,  the  closed  sewers  were  unable  to 
store  the  increased  volume  of  sewage,  which  then  rose  through  the 
house  drains  and  flooded  the  basements  of  the  houses. 

The  effect  upon  the  Thames  of  thus  discharging  the  sewage  into  it 
at  a  time  of  low  water  was  most  injurious;  because  not  only  was  it  car- 
ried by  the  rising  tide  up  the  river,  to  be  brought  back  to  London  by 
the  following  ebb-tide,  there  to  mix  with  each  day's  fresh  supply — the 
progress  of  many  days'  accumulation  towards  the  sea  being  almost  im- 
perceptible— but  the  volume  of  the  pure  water  in  the  river  being  at  that 
time  at  its  minimum  rendered  it  quite  incapable  of  diluting  and  disin- 
fecting such  vast  masses  of  sewage. 

But  the  worst  did  not  end  here.  As  the  refuse  became  deposited  in 
the  sewers,  an  annual  cost  of  some  £30,000  was  incurred  for  the  flush- 
ing of  the  drains  into  the  river;  to  which  must  be  added  during  the 
summer  months  an  additional  weekly  expenditure  of  £900  in  disinfec- 
tants, which  to  some  extent  prevented  the  spreading  of  the  accumulated 
poison. 

The  intercepting  system  introduced  by  Mr.  Bazalgette  consists  of 
three  great  main  lines  of  sewers,  or  rather  tunnels,  which  run  from  the 
extreme  west  to  the  extreme  east  of  the  metropolis,  and  which  are  laid 
at  right  angles  to  all  existing  sewers  and  a  little  below  their  levels,  so 
as  to  intercept  their  contents  and  convey  them  to  an  outfall  fourteen 
miles  below  London  Bridge.  As  large  a  proportion  of  the  sewage  as 
practicable  is  by  this  means  carried  away  by  gravitation,  and  for  the 
remainder  a  constant  discharge  is  effected  by  pumping.  At  the  outlets 
the  sewage  is  delivered  into  reservoirs  situate  on  the  banks  of  the 
Thames,  and  placed  at  such  a  level  as  will  enable  them  to  discharge 
into  the  river  at  or  about  the  time  of  high  water.  By  this  arrangement 
the  sewage  is  not  only  at  once  diluted  by  the  large  volume  of  water  in 
the  Thames  at  high  water,  but  is  also  carried  by  the  ebbtide  to  a  point 
in  the  river  twenty-six  miles  below  London  Bridge,  and  its  return 
by  the  following  floodtide  within  the  metropolitan  area  is  effectually 
prevented.  A  series  of  experiments  has  demonstrated  that  the  delivery 
of  sewage  at  high  water  into  the  river  at  any  point,  is  equivalent  to  its 
discharge  at  low  water  twelve  miles  lower  down  the  river  ;  therefore 
the  construction  of  the  twelve  miles  of  sewer  to  Barking,  so  laid  as  only 
to  discharge  there  at  high  water,  is  virtually  equal  to  taking  the  sewage 
to  a  distance  of  twenty-four  miles  from  London.  Before  these  sewers 
were  built,  however,  many  subjects  had  to  be  carefully  considered — such 
as  the  population,  their  habits,  water  supply,  &c,  the  incline  at  which 
the  sewers  should  be  laid,  and  the  rainfall  to  be  provided  for.  The 
quantity  of  sewage  flowing  from  a  given  population  varies  but  little 
from  the  water  supply  with  which  that  population  is  provided.  The 
water  supply  to  various  parts  of  London  in  1 856  varied  from  twenty  to 
twenty-five  gallons  per  head  per  diem  ;  but  a  more  liberal  supply  is 
contemplated,  and  that  supply  is  likely  to  be  further  augmented  by  an 
increase  in  the  population  in  districts  not  then  wholly  built  upon.  It 
has  been  ascertained  that  a  district  of  average  density  of  population, 
when  wholly  built  upon,  contains  30,000  people  to  the  square  mile,  so 
that  in  districts  containing  that,  or  more  than  that  number  of  people  to 
the  square  mile,  the  numbers  have  been  ascertained  and  provided  for; 
but  in  districts  where  the  population  is  below  that  number,  provision 
has  been  made  for  an  increase  of  population  up  to  30,000  people  to  the 


square  mile,  except  over  the  outlying  districts,  where  provision  has  been 
made  for  a  population  of  only  20,000  to  the  square  mile.  An  improved 
water  supply,  equal  to  5  cubic  feet  or  31 J  gallons  per  head  of  .the  con- 
templated increased  population,  has  also  been  anticipated. 

From  observations  upon  the  rainfall  about  London,  it  appears  that 
there  are  155  days  in  the  year  on  which  rain  falls;  although  out  of 
this  number  there  are  but  twenty-five  on  which  the  quantity  has 
amounted  to  a  quarter  of  an  inch  in  depth  in  the  twenty-four  hours. 
But  exceptionally  heavy  rain-storms  will  occasionally  visit  our  country  ; 
these  are  provided  for  by  the  construction  of  overflow  weirs  at  the 
junctions  of  the  intercepting  sewers  with  the  main  valley  lines,  which 
act  as  safety-valves  in  times  of  storms. 

On  such  occasions  the  surplus  waters  will  be  largely  diluted,  and,  after 
the  intercepting  sewers  are  filled,  will  flow  over  the  weirs,  and  so  by 
their  old  channels  into  the  Thames.  To  carry  out  all  these  works 
three  great  main  lines  of  intercepting  sewers  have  been  necessary — a 
high,  a  middle,  and  a  low  level  sewer — on  each  side  of  the  Thames. 

The  works  are  now  complete,  with  the  exception  only  of  the  Northern 
low-level,  which,  having  to  run  under  the  Thames  embankment,  can 
only  be  constructed  as  the  latter  work  proceeds. 

This  Northern  low-level  sewer,  however,  only  diverts  about  one- 
seventh  part  of  the  northern  sewage,  so  that  virtually  from  this  day  forth 
the  Thames  may  be  said  to  be  tolerably  pure.  It  can  never  be  made 
as  clean  and  sparkling  as  in  bygone  times,  but  at  least  it  will  never 
again  become  so  ofl'eusive. 

The  High-level  sewer,  on  the  north  side,  which  commences  at  High- 
gate,  is  about  seven  miles  long,  and  drains  an  area  of  about  seven 
square  miles,  intercepting  the  sewage  of  Hampstead,  part  of  Kentish 
Town,  Highgate,  Hackney,  Clapton,  Stoke  Newhigton,  and  Holloway. 
A  portion  of  the  district  adjoining  the  Hackney  marshes  is  so  low,  that 
it  was  necessary  to  drain  it  through  a  branch  passing  into  the  Low-level 
sewer.  The  form  of  this  sewer  is  mostly  circular,  and  varies  in  size 
from  4  feet  in  diameter  to  9  feet  by  12  feet,  and  its  fall  is  very  rapid. 
Much  property  had  to  be  tunnelled  under  in  its  construction.  One 
bouse  was  actually  underpinned  and  placed  upon  iron  girders  while  the 
sewer,  9  feet  in  diameter,  was  carried  through  the  cellar  without  any 
further  disturbance  to  the  house.  At  another  part  it  had  to  be  taken 
under  the  New  River,  and  again  through  the  embankment  of  the  Great 
Northern  Railway.  One  of  the  worst  difficulties,  however,  was  getting 
it  under  Sir  George  Duckett's  Canal,  where  the  crown  of  the  arch  of 
the  sewer  is  only  24  inches  from  the  water  in  the  canal.  The  bottom 
of  the  canal  and  the  top  of  the  sewer  are  here  formed  of  iron  plates  and 
girders,  with  a  thin  coating  of  puddle  between,  and  no  leakage  has  yet 
taken  place  or  is  likely  to  occur.  This  instance  of  careful  tunnelling  is, 
however,  far  from  being  the  only  one,  or  even  the  most  difficult  one. 
One  line  of  tunnel,  from  Kennington  Church  to  the  Old  Kent  Road, 
runs  for  a  distance  of  1000  feet,  close  under  a  row  of  houses,  the  top  of 
the  tunnel  being  only  from  10  feet  to  12  feet  below  the  surface,  and  its 
diameter  is  about  10  feet.  The  water  was  pumped  out  of  the  sand  for 
this  length  of  tunnel  at  the  rate  of  about  8000  gallons  per  minute.  The 
same  sewer  was  carried,  through  similar  soil,  under  the  Grand  Surrey 
Canal,  and  within  8  feet  of  the  water  in  it;  and  again  under  the  same 
canal  in  the  Deptford  Lower  Road,  where  the  distance  between  the  top  of 
the  tunnel  and  the  water  in  the  canal  was  only  6  feet  4  inches,  the  whole 
of  the  soil  being  gravel  and  sand,  with  1  foot  of  puddle  in  the  bottom 
of  the  canal. 

In  the  Caledonian  Road  the  Regent's  Canal  was  also  tunnelled  under, 
the  distance  between  the  top  of  the  tunnel  and  the  water  in  the  canal 
being  only  2  feet.  Another  tunnel  has  been  formed  33  feet  under  the 
rails  of  the  West  London  Railway,  and  under  the  Kensington  Canal. 
The  sewers  were  constructed  under  the  London  and  Brighton,  the 
North  Kent,  and  other  railways,  without  any  interruption  to  the  con- 
tinuous traffic  on  them. 

In  taking  the  Middle-level  sewer  over  the  Metropolitan  Railway,  a 
wrought-iron  riveted  trough,  150  feet  in  span,  and  weighing  some  240 
tons,  is  erected,  which  was  built  upon  a  stage  5  feet  above  its  intended 
level,  and  then  lowered  into  its  place. 

The  Northern  middle-level  sewer,  which  commences  near  the 
Harrow  Road,  at  Kensal  Green,  drains  an  area  of  nearly  eighteen  square 
miles.  It  passes  onwards  under  the  Paddington  Canal,  along  Oxford 
Street,  Hart  Street,  Liquor  Pond  Street,  across  Clerkenwell  Green; 
thence  by  way  of  Old  Street  Road  to  High  Street,  Shoreditch,  along 
Church  Street,   Bethnal   Green   Road,  and  Green  Street,  under  the 
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Regent's  Canal  and  the  North  London  Railway,  to  a  junction  with  the 
High-level  sewer  at  the  Penstock  Chamber  at  Bow.  The  Low-level 
sewer,  besides  intercepting  the  sewage  from  the  Low-level  area,  which 
contains  eleven  square  miles,  is  also  the  main  outlet  for  a  district  of 
about  fourteen  and  a  half  square  miles,  forming  the  western  suburb  of 
London,  which  is  so  low  that  its  sewage  has  to  be  lifted  at  Chelsea  to  a 
height  of  17^  feet  into  the  upper  end  of  the  Low-level  sewer.  This 
sewer  commences  at  the  Grosveuor  Canal,  Pimlico,  and  passes  along 
Lupus  Street  and  Bessborough  Street,  to  and  along  the  river  side  from 
Yauxhall  Bridge.  From  Westminster  Bridge  to  Blackfriars  it  is  being 
formed  as  part  of  the  Thames  embankment ;  and  thence  it  will  pass 
under  a  portion  of  the  new  street  to  the  Mansion  House,  and  take  the 
line  of  the  Inner  Circle  Railway  to  Tower  Hill.  From  Tower  Hill  it 
is  being  made  mostly  by  tunnelling  along  Mint  Street,  Cable  Street, 
Back  Road,  Commercial  Road,  and  under  the  Limehouse  cut  and  Bow 
Common.  It  is  now  being  tunnelled  under  the  river  Lea,  on  its  route 
to  the  Abbey  Mills  pumping  station,  where  its  contents  will  be  raised 
no  less  than  36  feet  by  steam-power.  It  has  two  branches — one  from 
Homerton,  and  the  other  from  the  Isle  of  Dogs.  All  these  sewers  meet 
in  a  great  outfall  sewer  at  Bow. 

A  peculiar  feature  is  attached  to  this  Low-level  sewer — which  is, 
that  it  is  above  the  surface  of  the  ground,  and  at  a  distance  has  the 
appearance  of  a  railway  embankment.  Its  outfall  consists  of  two  mains, 
9  feet  in  diameter,  and  is  continued  on  to  the  Abbey  Mills  pumping 
station,  where  the  Low-level  sewage  has  to  be  raised  30  feet.  The 
horse-power  (nominal)  employed  at  the  Abbey  Mills  station  is  1*140, 
which  lifts  15,000  cubic  feet  of  sewage  per  minute  to  a  height  of  30  feet. 
From  this  station  the  sewage  is  lifted  into  the  Barking  reservoir,  where 
it  is  in  a  great  measure  disinfected,  and  where  it  is  retained  till  high 
water,  and  then  discharged  into  the  centre  of  the  river.  The  Barking 
reservoir  is  16}  feet  average  depth,  and  is  divided  by  partition  walls 
into  four  compartments,  covering  altogether  an  area  of  412,384  super- 
ficial feet,  or  about  nine  and  a  half  acres.  The  external  and  partition 
walls  are  of  brickwork,  and  the  entire  area  is  covered  by  arches  sup- 
ported upon  brick  piers,  the  floor  being  paved  throughout  with  stone. 
The  reservoir  is  almost  entirely  above  the  general  surface  of  the  ground, 
and  is  covered  by  an  embankment  of  earth,  rising  about  2  feet  over  the 
crown  of  the  arches.  The  ground  on  which  it  is  built  being  unfit  to 
sustain  the  massive  structure,  the  foundations  of  the  piers  and  walls  had 
to  be  carried  down  in  concrete  to  a  depth  of  nearly  20  feet. 

We  now  come  to  the  works  on  the  south  side  of  the  Thames,  where 
the  High-level  sewer,  and  its  southern  branch,  commence  with  the 
main  line  at  Dulwieh,  which  jointly  drains  an  area  of  about  twenty-one 
square  miles.  Both  lines  are  constructed  of  sufficient  capacity  to  carry 
off  all  the  flood-waters,  so  that  they  may  be  entirely  intercepted  from 
the  low  district,  which  is  tide-locked  and  subjected  to  floods.  The 
storm-waters  will  be  discharged  into  Deptford  Creek,  while  the  sewage 
and  a  limited  quantity  of  rain  will  flow  by  four  iron  pipes,  each  3  feet 
6  inches  in  diameter,  laid  under  its  bed  into  the  outfall  sewer.  The 
length  of  this  portion  is  only  about  four  and  a  half  miles,  300  yards 
of  which,  or  thereabouts,  was  executed  by  tunnelling  at  a  depth  between 
30  and  35  feet  below  the  surface. 

The  Southern  low-level  sewer,  instead  of  taking  the  course  of  the 
river  as  its  counter-drain  does  on  the  northern  side,  commences  at 
Putney  and  passes  direct  through  low  ground  which  once  formed  a 
second  channel  of  the  Thames,  thence  around  to  Deptford,  draining 
during  its  course  an  area  of  20  square  miles.  The  surface  of  this  land 
is  mostly  below  the  level  of  high  water,  and  is  in  many  places  5  or  6 
feet  below  it,  having  at  one  time  been  completely  covered  by  the 
Thames.  The  sewers  throughout  this  district  had  but  little  fall,  and 
could  never  empty  themselves  save  at  dead  low  water,  and  it  was  with 
reference  to  the  condition  of  this  part  of  the  metropolis  that  some 
engineers  described  the  effects  of  artificial  drainage  by  pumping  as 
equivalent  to  raising  the  whole  surface  by  more  than  20  feet.  The  Low- 
level  sewer  will  in  fact  render  this  district  as  healthy  as  the  highest  in 
the  metropolis.  Its  length  is  about  10  miles,  and  its  size  varies  from 
4  feet  at  the  commencement  to  the  two  main  sewers  (which  are  7  feet 
by  7  feet)  at  its  termination.  This  line  communicates  with  the  pump- 
ing station  at  Deptford  that  raises  the  Low-level  sewage  into  the  main 
Southern  outfall.  Four  engines  are  used  for  this  purpose,  each  of  125 
horse  power  (nominal),  and  capable  together  of  lifting  10,000  cubic  feet 
of  sewage  per  minute  to  a  height  of  18  feet.  From  this  point  the  great 
tide  of  refuse  passes  off  by  the  Southern  outfall  sewer,  which,  unlike 
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that  on  the  northern  side  of  the  river,  is  constructed  for  its  whole  length 
of  nearly  eight  miles  entirely  underground.  This  sewer,  nearly  12  feet 
in  diameter,  was  taken  under  the  town  of  Woolwich  at  a  depth  varying 
from  50  feet  to  80  feet  below  the  surface,  without  casualties  or  settle- 
ments of  any  kind.  The  Crossness  reservoir,  into  which  this  outfall 
flows  at  Erith  marshes,  is  6J  acres  in  extent,  and  like  that  at  Barking, 
is  formed  on  the  peaty  soil  by  brick  piers  on  brick  arches,  covered  in 
with  earth.  The  pumping  engines,  by  means  of  which  the  sewage  is 
lifted  into  this  reservoir,  are  almost  identical  in  power  and  general 
arrangement  with  those  at  Deptford  Creek.  From  the  reservoir  at 
Crossness,  as  at  Barking,  the  sewage  is  discharged  into  the  river  at  high 
tide,  the  volume  of  water  with  which  it  mixes  and  flows  away  being 
more  than  100  times  greater  than  the  bulk  of  that  into  which  it  was 
suffered  to  flow  under  the  old  mismanagement  which  poisoned  the 
Thames. 

The  maximum  quantity  of  sewage  to  be  lifted  by  these  engines  at 
Crossness  Point  will,  as  we  have  said,  ordinarily  be  about  10,000  cubic 
feet  per  minute  ;  but  during  the  night  that  quantity  will  be  considerably 
reduced,  while  on  the  other  hand,  it  will  be  nearly  double  on  occasions 
of  heavy  rainfall.  The  lift  also  will  var}'  as  much  as  from  10  feet  to 
30  feet,  according  to  the  level  of  the  water  in  the  sewer  and  the  reser- 
voir into  which  it  has  to  be  raised.  These  very  variable  conditions  of 
working  led  to  some  difficulty  in  the  arrangement  of  the  engines  and 
pumps,  which  it  has  been  endeavoured  to  meet  by  the  arrangement  of 
pump  plungers.  The  pumps,  which  are  single-acting,  are  placed  equi- 
distantly  on  each  side  of  the  beam  centre,  the  pump  casts  being 
each  12  feet  in  diameter,  fitted  with  four  plungers  4  feet  6  inches  in 
diameter.  These  plungers  are  placed  in  pairs,  each  pair  being 
worked  from  a  cross  head  on  the  main  beam,  which  is  in  two  flitches ; 
and  arrangements  are  made  for  throwing  either  pair  of  plungers  out 
of  gear.  By  these  means  the  capacity  of  the  pumps  may  be  varied 
in  the  proportion  of  one,  two,  or  three,  as  the  inner  pair,  outer  pair,  or 
both  pairs  are  thrown  into  gear.  The  sewage  is  discharged  into  a 
wrought-iron  trough,  through  hanging  leather-faced  valves,  which  are 
suspended  from  iron  shackles,  and  fitted  with  wrought-iron  back  and 
front  plates.  Each  valve  is  12  inches  by  18  inches.  It  should  be 
mentioned  that  substances  which  might  prevent  the  proper  action  of  the 
valves  are  intercepted  before  reaching  the  pumps,  by  a  wrought-iron 
grating  placed  in  front  of  the  openings  to  the  pump  well,  the  substances 
so  stopped  being  lifted  from  the  face  of  the  grating  by  an  endless  chain 
with  scrapers  and  combs  attached,  working  vertically  in  front  of  and  in 
close  contact  with  the  grating,  the  teeth  of  the  comb  passing  between 
the  bars.  On  the  descent  of  the  chain  the  buckets  are  overturned  and 
discharge  their  contents  into  a  trough,  from  which  they  will  be  removed 
by  manual  labour.  The  sewage,  after  being  delivered  from  the  pumps 
into  the  wrought-iron  trough,  is  discharged  through  brick  culverts  into 
the  reservoir ;  or  in  case  of  need,  provision  is  made  for  its  discharge 
through  other  culverts  directly  injto  the  river. 


APPARATUS  FOR  WASHING  IN  VACUO. 

An  ingenious  and  effective  arrangement  of  apparatus  for  washing  soiled 
linen  in  vacuo  by  the  aid  of  steam  heat,  has  been  recently  invented  by 
M.  Berjot,  junr.,  of  Caen.  Fig.  1  of  the  engravings  represents  a  verti- 
cal section  of  M.  Berjot's  apparatus  complete,  as  constructed  for  washing 
6  cwt.  of  linen  at  one  time ;  and  fig.  2  is  a  sectional  plan  of  the  same. 
The  apparatus  consists  of  a  cast-iron  vessel,  A,  provided  with  a  tight- 
fitting  cover,  B,  the  joint  being  maintained  perfect  by  a  packing  of  vul- 
canized india  rubber.  This  cover  is  raised  by  means  of  a  large  float, 
c,  contained  in  a  water  tank,  D,  beneath  the  washing  vessel,  A,  and 
connected  by  three  vertical  rods,  E,  with  the  cover,  B,  such  rods  sliding 
in  guides,  f,  fixed  inside  the  tank,  D,  and  outside  the  closed  vessel,  A. 
G  (fig.  2)  is  a  copper  serpentine  steam  pipe  situate  near  the  bottom  of 
the  vessel,  A,  for  the  purpose  of  heating  the  washing  liquor  contained 
therein.  The  steam  enters  by  the  pipe,  H,  and  passes  off  with  the 
water  of  condensation  by  the  pipe,  I,  to  a  cistern,  K,  below.  Imme- 
diately above  the  steam  pipe  in  the  vessel,  A,  there  is  fitted  a  false  bottom, 
L,  of  wood  perforated  with  a  number  of  holes,  upon  which  the  linen  to 
be  washed  is  deposited.  M  is  a  pipe  which  connects  the  interior  of  the 
vessel,  A,  with  an  air-pump,  whereby  a  vacuum  may  be  produced  in- 
side such  vessel  when  the  lid  or  cover  is  closed.  Between  the  air-pump 
and  the  vessel,  a,  upon  the  exhaust  or  vacuum  pipe,  a  small  vessel  is 
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soldered,  into  which  cold  water  is  injected  in  order  to  condense  the 
steam  produced  during  the  washing  process,  or  the  condenser  may  be 
applied  directly  to  the  air-pump,  which  arrangement  has  been  adopted 
in  the  public  wash-houses  in  Caen.  In  this  case  the  cylinders  of  the  pump 
are  contained  in  a  tank  of  cold  water.  The  water  of  condensation 
from  the  steam  pipe,  G,  which  collects  in  the  cistern,  K,  is  drawn  from 
that  cistern  into  the  vessel,  A,  through  the  pipe,  N,  in  order  to  keep  the 

Fig.  1. 


Fig.  2. 


washing  liquor  at  the  same  degree  of  saturation  during  the  whole  of  the 
operation.  The  vessel  is  furnished  with  a  vacuum  gauge,  water  gauge, 
thermometer,  and  two  glazed  spy-holes  situate  on  opposite  sides  of  the 
vessel  so  as  to  afford  facility  for  watching  the  progress  of  the  operation. 
In  using  this  washing  apparatus  the  lid  is  first  raised  by  allowing 
water  to  enter  the  tank,  d,  by  the  pipe, 
o,  so  as  to  cause  the  float,  c,  to  rise. 
The  linen  to  be  washed  is  then  dis- 
posed upon  the  perforated  bottom,  L ; 
care  being  taken  to  leave  free  openings 
in  the  mass  of  linen,  by  using  hollow 
wooden  cylinders  round  which  the  linen 
is  piled,  and  which  are  withdrawn 
when  the  whole  of  the  linen  has  been 
deposited  in  the  vessel.  The  openings 
or  free  spaces  thus  left  allow  of  the 
proper  and  free  circulation  of  the 
washing  liquor  throughout  the  mass — 
which  liquor  is  poured  in  as  fast  as  the 
linen  is  deposited  in  the  vessel.  The 
water  in  the  tank,  d,  below  is  now 
allowed  to  escape  by  the  pipe,  o, 
whereupon  the  float,  C,  and  with  it  the 
lid  or  cover,  b,  descends ;  the  weight 
of  the  float,  in  addition  to  that  of  the 
cover,  serving  to  keep  the  latter  tightly  closed.  The  air-pump  is  then 
set  in  motion,  and  the  partial  vacuum  produced  inside  the  vessel,  A,  tends 
to  open  the  tissue  of  the  articles,  and  allow  them  to  be  thoroughly  per- 


meated by  the  liquor.  So  soon  as  the  column  of  mercury  in  the  vacuum 
gauge  attains  a  height  of  about  28  inches,  the  steam  is  admitted  into  the 
serpentine,  G,  in  order  to  heat  the  liquor.  In  the  partial  vacuum  then 
existing  in  the  vessel,  A,  the  liquor  commences  to  boil  at  a  temperature 
of  about  113°Fahr.,  which  temperature  is  specially  suited  for  the  removal 
of  blood  stains  from  linen.  Of  course  the  attendant  has  always  the 
power  of  increasing  the  temperature  of  the  liquor  up  to  212°,  by 
gradually  allowing  the  air  to  enter  the  vessel,  so  as  to  increase  the 
pressure. 

The  time  necessary  for  thoroughly  washing  a  charge  of  6  cwt.  of 
linen  is  about  six  hours.  As  the  effluvia  and  steam  are  withdrawn  by 
the  action  of  the  air-pump,  and  the  dirty  liquor  is  run  off  through  the 
discharge  pipe,  P,  the  attendants  suffer  no  inconvenience  from  these 
sources.  Mons.  Berjot's  apparatus  being  specially  adapted  for  large 
establishments — as  it  is  free  from  the  disagreeable  consequences  of  the 
escape  of  effluvia  and  steam,  is  economical,  and  is  easy  of  management 
— we  have  no  hesitation  in  recommending  it  to  the  notice  of  those  in 
charge  of  hospitals,  prisons,  workhouses,  and  other  establishments, 
where  large  quantities  of  soiled  linen  are  required  to  be  thoroughly  and 
expeditiously  purified. 


BRINJES'  APPARATUS  FOR  RE-BURNING  ANIMAL 
CHARCOAL. 
{Illustrated  by  Plate  3.) 
Our  copperplate  engraving  (Plate  3)  this  month  illustrates  an  exceed- 
ingly effective,  simple,  and  ingenious  arrangement  of  apparatus  which  has 
been  recently  designed  and  patented  by  Mr.  John  Frederick  Brinjes  of 
VVhitechapel,  whose  name  is  already  well  known  as  being  connected  with 
some  of  the  most  important  improvements  which  have  of  late  years 
been  introduced  into  this  branch  of  machinery. 

Fig.  1  represents  a  front  elevation  of  the  apparatus  complete  ;  fig.  2 
is  a  sectional  elevation  of  the  same ;  fig.  3  is  a  back  elevation ;  and  fig. 
4  a  sectional  plan  thereof.  A  is  the  brick  setting  of  the  horizontal 
retorts,  b  and  c,  each  of  which  receives  a  circular  reciprocating  or  altei- 
nating  motion  of  nearly  one  entire  revolution  on  its  longitndinal  axis. 
The  upper  retoii,  which  acts  as  a  drying  chamber  for  preparing  the 
charcoal  for  the  re-carbonization  which  takes  place  in  the  lower  retort, 
is  contained  in  a  separate  brick  chamber  of  its  own,  which  is  situate 
immediately  above  the  roof  of  the  furnace  or  fireplace,  d,  the  heat  from 
which,  after  circulating  round  the  lower  retort,  enters  the  upper  chamber 
through  openings  left  for  that  purpose  in  the  roof  of  the  furnace,  and  then 
acts  upon  the  upper  retort  before  passing  off  to  the  chimney.  E  E  are 
passages  provided  with  dampers,  and  leading  to  the  main  flue,  F,  below. 
The  two  retorts  are  provided  with  a  series  of  internal  flanges,  a  a,  at 
intervals  of  about  6  or  8  inches,  and  ledges  are  formed  between  the 
flanges  for  carrying  up  the  charcoal  as  the  retorts  reciprocate.  An 
opening  is  made  through  each  flange,  and  all  these  openings  are  dis- 
posed in  a  line  with  each  other.  In  order  to  cause  the  charcoal  to 
travel  continuously  along  the  retorts  during  the  process  of  re-carbonizing, 
an  angled  projection,  somewhat  after  the  form  of  a  three-sided  pyramid, 
b,  is  cast  inside  the  cylinder  in  each  of  the  intervals  or  spaces  between 
the  several  internal  rings  or  flanges,  and  exactly  in  the  centre  line  of 
the  openings  in  those  flanges.  The  two  opposite  sides  of  these  projec- 
tions present  reverse  angles,  both  of  which  direct  the  charcoal  into  the 
next  interval  or  space  on  the  partial  rotation  of  the  retort ;  the  upper 
retort  is  driven  direct  by  a  mangle  wheel  and  pinion  arrangement,  G,  or 
other  mechanical  equivalent ;  and  this  motion  is  transmitted  to  the 
lower  retort  by  means  of  the  endless  chain,  h,  suspended  from  the  rear 
end  of  the  upper  retort,  and  passing  under  the  corresponding  end  of  the 
lower  retort.  Both  ends  of  the  retorts  are  supported  upon  anti-friction 
pullies,  c  c,  carried  in  the  transverse  framing,  I,  bolted  to  the  main 
supporting  columns,  K  K.  The  feeding  hopper,  L,  opens  into  a  floor, 
M,  from  which  the  charcoal  is  shovelled  when  being  supplied  to  the 
retorts,  the  feed  being  nicely  adjusted  by  means  of  the  sliding  door,  M, 
worked  by  a  winch  handle  and  screw  spindle,  n  is  a  sliding  door, 
covering  an  opening  in  the  inclined  side  of  the  hopper  for  the  purpose 
of  inspecting  the  interior  of  the  retort ;  a  spy-hole  being  also  provided 
at  O  in  the  stationary  front  cover,  P,  of  the  lower  retort  for  the  same 
purpose.  The  upper  retort  discharges  its  contents  into  the  conduit,  Q, 
which  conducts  it  to  the  lower  retort,  after  traversing  which  it  is  dis- 
charged down  the  pipe,  R,  into  the  closed  box  or  receiver,  s.     From  this 
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receiver  it  passes  through  the  cooler  which  consists  of  a  number  of  long 
narrow  passages,  T,  placed  side  by  side,  and  having  intervening  air 
spaces  between  them  for  the  more  effectual  cooling  of  the  same.  By 
the  time  the  charcoal  has  traversed  these  coolers  it  is  sufficiently  cool 
to  be  exposed  to  the  action  of  the  atmosphere,  and  is  discharged  into  a 
small  truck  or  waggon,  u.  The  vapours  which  are  evolved  during  the 
re-burning  of  the  charcoal  are  carried  off  by  the  pipe,  v,  provided  with 
a  throttle  valve,  w,  into  the  chamber,  x,  communicating  with  the  chim- 
ney. The  unpleasant  consequences  arising  from  the  free  escape  of 
noxious  effluvia  are  thus  wholly  obviated.  The  entire  arrangement  is 
supported  upon  strong  iron  girders,  Y,  resting  upon  columns,  z,  in  the 
basement. 

The  advantages  claimed  by  Mr.  Brinjes  in  the  use  of  his  combined 
apparatus  are — greater  regularity  and  certainty  of  action,  and  less  labour 
and  attention  required  when  in  operation ;  the  thoroughly  efficient 
manner  in  which  the  charcoal  is  re-carbonized,  which  is  to  be  accounted 
for  by  the  action  of  the  apparatus  being  gradual,  and  in  the  charcoal 
being  first  dried  in  the  upper  cyliuder  before  entering  the  lower  one ; 
economy  of  fuel,  owing  to  the  upper  cylinder  being  heated  by  the  waste 
heat  from  the  lower  one,  which  is  usually  allowed  to  pass  away  to  the 
chimney  direct ;  the  removal  of  dust  from  the  charcoal,  which  is  effected 
by  the  rotatory  action  of  the  apparatus,  and  relative  change  of  position 
of  every  grain  of  charcoal  in  passing  the  angular  projections  from  one 
space  to  another,  thus  agitating  the  chai'coal  and  liberating  the  dust, 
which  is  immediately  drawn  away  with  the  steam  and  gases  and  deposited 
in  the  chamber,  which  has  outlets  leading  to  the  chimney  shaft  for 
producing  a  slight  vacuum ;  the  absence  of  all  nuisance,  owing  to  the 
steam  and  gases  evolved  during  the  process  being  drawn  into  the 
chamber,  and  passing  thence  into  the  chimney ;  economy  of  space, 
the  above  entire  apparatus  only  occupying  a  space  of  about  12  feet 
in  length  by  5  feet  in  width,  and  12  feet  in  height  from  the  stoking 
floor. 

Each  apparatus  of  two  cylinders  over  one  furnace,  as  shown  in  our 
copperplate  engraving,  is  capable  in  ordinary  working  of  re-burning 
about  ninety  tons  of  animal  charcoal  per  week,  with  a  consumption  of 
about  ten  tons  of  coal,  or  at  the  rate  of  only  one  ton  of  fuel  to  nine  tons 
of  charcoal 

Having  given  our  readers  a  general  idea  of  the  most  recently  im- 
proved apparatus  for  the  re-burning  of  animal  charcoal,  a  backward 
glance  at  the  earlier  steps  of  inventors  in  this  direction,  tracing  to  their 
source  some  of  the  more  striking  improvements  introduced  into  this 
branch  of  industry,  will  not  be  out  of  place. 

Animal  charcoal,  as  most  of  our  readers  are  no  doubt  aware,  is 
prepared  by  calcining  bones.  The  bones  are  placed  either  in  closed 
retorts,  similar  to  those  employed  in  the  manufacture  of  gas  for  illumi- 
nating purposes,  or,  which  is  better,  in  closed  iron  or  earthenware  pots, 
piled  one  above  another  in  kilns,  somewhat  similar  to  pottery  kilns. 
Each  pot  contains  about  fifty  pounds'  weight  of  bones,  and  the  time 
required  for  the  complete  calcination  of  a  charge,  is  from  fourteen  to 
eighteen  hours.  The  pots,  after  they  are  withdrawn  from  the  kiln, 
are  kept  closed  for  a  time,  in  order  to  exclude  the  air;  and  when 
sufficiently  cool,  their  contents  are  discharged  into  a  magazine.  The 
calcined  bones,  in  the  state  of  animal  charcoal,  are  subsequently  crushed 
or  ground  to  fragments,  by  passing  them  through  rollers  which  are 
grooved  in  order  to  prevent  the  formation  of  dust,  or  fine  powder ;  the 
charcoal  being  required  in  a  granulated  state  and  free  from  dust,  for 
the  purposes  of  the  sugar  refiner.  After  being  used  some  little  time  in 
the  clarifying  of  sugar,  the  charcoal  loses  its  decolorizing  properties,  and 
in  order  to  restore  them  it  is  subjected  to  a  revivifying  process,  which 
consists  in  first  thoroughly  washing  it,  for  the  purpose  of  removing  the 
saccharine  matter  adhering  to  it,  and  then  allowing  it  to  dry  ;  when  dry, 
it  is  placed  in  closed  vessels  or  retorts,  and  re-calcined.  On  cooling  again 
it  is  found  to  have  almost  entirely  regained  its  former  virtue.  The 
immense  consumption  of  animal  charcoal  in  the  purifying  or  decolor- 
izing of  sugar  (about  70  tons  of  charcoal  to  100  tons  of  sugar),  renders 
the  process  of  revivifying  one  of  considerable  commercial  importance, 
and,  consequently,  many  ingenious  mechanics  have  turned  their  atten- 
tion to  the  construction  of  apparatus,  which  shall  effect  this  in  an 
expeditious,  efficient,  and  economical  manner. 

In  France  the  re-burning  or  revivifying  of  animal  charcoal  has  long 
been  carried  on,  but  until  very  recently  in  a  crude  and  imperfect 
manner,  compared  with  the  mechanical  appliances  which  have  been  for 
some  years  brought  to  bear  upon  this  branch  of  industry  in  this  country. 


In  the  "  Precis  de  Chimie  Industrielle,"  par  A.  Payen,  published  in 
1851,  we  find  a  notice  of  an  arrangement  of  retorts  for  re-burning 
animal  charcoal,  designed  by  M.  Crespel-Delisse,  of  Arras,  and  used 
by  him  at  that  time. 

Fig.  1  of  the  woodcuts  represents  a  transverse  vertical  section  of 
the  furnace,  taken  through  two  of  a  series  or  group  of  twenty  retorts, 
placed  side  by  side  in  pairs,  and  heated  by  one  furnace.  A  is  the  brick 
setting,  and  b  the  furnace,  above  and  on  either  side  of  which  are 
arranged  the  inclined  retorts,  cc,  set  in  the  combustion  chamber,  d 
these  retorts  are  of  a  rectangular  section,  and  open  at  their  uppei 
ends  on  to  the  plate,  e,  upon  which  the  animal  charcoal  is  spread  for 
the  purpose  of  drying  it,  before  it  is  shovelled  into  the  retorts.  Near 
the  bottom  of  each  retort  there  is  fitted  a  sliding  door,  f,  which  is  kept 
shut  whilst  the  re-burning  is  going  on,  and  opened  when  it  is  desired  to 

Fig.  1. 
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empty  the  retorts.  The  charcoal,  as  soon  as  the  discharging  doors  are 
opened,  descends  by  its  own  gravity  into  closed  receivers,  G,  where  it 
is  kept  from  contact  with  the  atmosphere  until  sufficiently  cool  to  be 
packed.  Each  receiver  is  capable  of  containing  one  charge  of  the  retort ; 
and  by  the  time  the  charge  has  sufficiently  cooled,  the  succeeding 
charge  which  has  been  introduced  into  the  retort  will  be  ready  for 
discharging ;  consequently,  the  process  is  almost  continuous.  From 
twenty-five  to  fifty  minutes  are  required  for  the  re-burning  of  each  full 
charge  of  the  entire  series  of  twenty  retorts,  which,  working  day  and 
night,  give  on  an  average  about  one  ton  of  animal  charcoal  iu  the 
twenty-four  hours.  The  consumption  of  fuel  is  at  the  rate  of  about 
one  ton  of  coal  for  five  tons  of  revivified  animal  charcoal. 

When  crucibles  or  pots  are  used,  the  gas  evolved  through  openings 
left  for  that  purpose  readily  ignites,  and  so  assists  in  the  burning  of  the 
charcoal ;  the  result  being  a  probable  saving  of  fuel,  as  compared  with 
the  consumption  when  ordinary  closed  retorts  similar  to  gas  retorts  are 
employed.  The  first  improvement  of  any  note  in  the  appliances  for 
re-burning  animal  charcoal,  was  effected  in  1846  by  Mr.  J.  W.  Bow- 
man, who  introduced  revolving  retorts  in  lieu  of  stationary  apparatus, 
whereby  the  charcoal,  by  being  constantly  agitated  and  turned  over 
during  the  process  of  re-burning,  is  more  readily  and  uniformly  operated 
upon,  thus  effecting  a  saving  of  both  time  and  fuel.  Fig.  2  is  a 
longitudinal  vertical  section  of  Bowman's  arrangement.  A  is  a  cylin- 
drical horizontal  retort  which  revolves  in  bearings  formed  in  the  two 
fixed  end  plates,  B,  rotatory  motion  being  given  to  the  retort  by  means 
of  endless  chains,  C,  passing  round  large  grooved  pullies,  d,  on  each 
end  of  the  retort  and  over  corresponding  pullies,  e,  on  an  overhead 
shaft,  p,  driven  by  steam  or  other  power.  Each  extremity  of  the 
retort  is  provided  with  a  door  or  cover,  G,  the  front  one  of  which  is  so 
fixed  as  to  be  readily  removed,  and  when  removed,  suspended  by  the 
chain,  h,  which  passes  over  suitable  overhead  guide-pullies,  and  has  a 
counter-weight  suspended  thereto.  I  is  a  tube  in  the  back  cover,  through 
which  any  vapours  driven  off  from  the  animal  charcoal  may  pass  away 
to  a  suitable  condenser,  k  is  the  fireplace  or  furnace  for  heating  the 
retort;  and  in  order  to  prevent  it  from  acting  too  violently  on  the 
retort,  fire-bricks  or  lumps,  L,  with  openings  therein,  are  interposed 
between  the  fire  and  the  retort.  M  m  are  dampers  for  agitating  the 
fire.  Inside  the  retort  are  fitted  a  number  of  ledges,  N,  which  during 
the  revolution  of  the  cylinder  cause  the  animal  charcoal  to  be  deflected 
off  towards  the  centre,  thereby  effectually  turning  and  regulating  the 
contents  whilst  subjected  to  the  action  of  the  fire.     The  flames  and 
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products  of  combustion  have  free  play  round  the  sides  of  the  retort; 
and  as  the  latter  is  kept  constantly  revolving,  it  becomes  uniformly 
heated  all  round.     In  using  this  apparatus,  a  charge  of  animal  charcoal 


is  introduced  through  the  front  door,  which  is  then  to  be  closed,  and 
the  retort  set  in  motion  till  the  charge  is  properly  re-burnt,  after 
which  it  is  withdrawn  and  a  fresh  charge  introduced,  the  process  being 
intermittent. 

In  1852  improvements  in  the  construction  and  setting  of  revolving 
retorts  for  the  re-burning  of  animal  charcoal  were  introduced  by  Mr. 
George  Torr,  whereby  one  end,  as  well  as  the  sides  of  the  retort,  was 
contained  within  the  combustion  chamber,  thus  affording  facility  for 
beating  the  end  of  the  retort  by  allowing  the  flame  to  play  round  it. 

Fig.  3  is  a  longitudinal  vertical  section  of  Torr's  apparatus.  The 
retort,  A,  like  Bowman's,  is  cylindrical,  and  revolves  on  a  horizontal 

Fie.  3. 


axis  ;  but  in  lieu  of  both  its  ends  being  outside  the  brick  setting,  one 
of  them  is  situate  some  distance  inside  the  setting,  so  that  the  flames 
can  circulate  between  it  and  the  brickwork.  This  end  has  a  boss 
formed  upon  it,  which  passes  out  through  the  setting,  and  carries  a 
large  grooved  pulley,  B,  a  corresponding  pulley  being  fitted  on  to  the 
front  end  of  the  retort.     From  these  two  pullies  endless  chains,  c,  pass 


over  corresponding  pullies,  D,  on  the  shaft,  E,  driven  by  steam  or  other- 
wise, by  which  means  a  continuous  rotatory  motion  is  transmitted  to 
the  retort.  F  is  a  pipe  for  carrying  off  the  vapours,  and  G  is  a  long 
plate  fixed  by  arms,  n,  to  the  interior  of  the  retort,  for  the  purpose  of 
turning  over  its  contents.  The  addition  of  this  plate  alone  makes  a 
difference  of  nearly  10  tons  of  charcoal  in  favour  of  Torr's  arrangement 
as  compared  with  Bowman's.  I  is  the  combustion  chamber  within  which 
the  retort  revolves,  and  which  is  separated  from  the  furnace,  K,  by  the 
fire-clay  lumps,  L,  with  openings  therein;  similar  openings  in  the  roof 
of  the  chamber  affording  a  communication  with  the  flue,  M,  leading  to 
the  chimney.  The  charging  and  emptying  door  is  hinged  to  the  retort 
at  N.  This  process,  it  will  be  seen,  is  also  intermittent,  the  retort 
being  stopped  whilst  being  filled  and  emptied.  In  1856,  Mr.  James 
Bryant  obtained  a  patent  for  the  use  of  retorts  having  a  reciprocating 
or  alternating  rotatory  motion  on  their  axes,  in  lieu  of  a  continuous 
rotatory  motion  as  in  Bowman's  and  Torr's  arrangements.  Bryant's 
retorts  were  constructed  and  arranged  in  a  similar  manner  to  Torr's — 
namely,  with  a  space  between  their  inner  ends,  and  the  setting  for  the 
free  circulation  of  the  flame  and  gases  from  the  furnace  below.  They 
were  suspended  at  one  or  both  ends  by  endless  chains  passing  over 
pullies  on  a  driving  shaft  above,  which  shaft  received  an  alternating  or 
reciprocating  rotatory  motion  by  means  of  the  well-known  "mangle 
wheel "  and  pinion  arrangement,  and  consequently  the  retorts  were 
made  to  reciprocate  on  their  axes.  The  interior  of  each  of  the  retorts 
was  provided  with  ledges  similar  to  Bowman's,  for  the  purpose  of  turning 
over  and  deflecting  the  charcoal  towards  the  centre  of  the  cylinder. 
According  to  Bryant's  mode  of  setting,  a  number  of  retorts  were  ranged 
side  by  side,  and  their  several  actuating  shafts  were  geared  together  so 
as  to  work  in  concert,  the  first  shaft  of  the  series  only  being  driven  by 
the  reversing  arrangement. 

The  first  arrangement  whereby  the  process  of  re-burning  animal 
charcoal  was  rendered  absolutely  continuous,  was  invented  and  patented 
by  Messrs.  Brinjes  and  Collins  in  1858  ;  the  retorts,  according  to  their 
system,  being  charged  at  one  end  and  emptied  at  the  opposite  end 
continuously,  by  the  aid  of  an  Archimedian  screw,  or  other  equivalent 
mechanism,  inside  the  retort. 

Fig.  4  represents  a  longitudinal  vertical  section  of  a  portion  of  Messrs. 
Brinjes  and  Collins'  arrangement.  The  retort  consists  of  a  longitudinal 
cylinder,  A,  which  does  not  revolve,  but  is  set  permanently  in  the  brick- 
work, b,  in  such  a  manner  as  to  leave  a  free  space  all  round  it  for  the 
circulation  of  the  flames  and  gases  from  the  furnace,  c,  beneath.     Into 


Fig.  4. 


one  end  of  this  retort  opens  the  mouth  of  a  feeding  hopper,  b,  whilst 
its  opposite  end  opens  direct  into  a  chamber,  e,  which  leads  by  the 
passage,  F,  into  a  number  of  narrow  cooling  tubes,  G,  in  passing  down 
which  the  charcoal  is  sufficiently  cooled  to  be  ready  for  packing.  These 
tubes  open  at  their  lower  extremities  into  a  box,  H  (shown  also  in  side 
elevation  detached  at  fig.  5),  fitted  with  two  slides  in  the  form  of  gratings, 
which  slide  over  other  gratings  fixed  inside  the  box.  These  slides  are 
actuated  by  the  double  lever,  I,  on  the  spindle,  K,  which  spindle  receives 
a  rocking  motion  from  a  crank  pin,  L,  through  the  intervention  of  the  rod, 
M,  and  lever  arm,  N.  The  crank  pin  is  carried  on  the  end  of  the  shaft,  o, 
of  an  Archimedian  screw,  p,  revolving  slowly  inside  the  retort,  in  order 
to  move  the  charcoal  steadily  along  the  retort  whilst  being  re-burnt,  and 
to  discharge  it  into  the  chamber,  e,  and  cooling  tubes,  G.  The  screw 
derives  its  rotatory  motion  from  a  worm  gearing  into  a  worm-wheel,  Q, 
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on  the  screw-shaft,  the  shaft  which  carries  the  worm  being  driven  by  a 
belt  and  pulley,  or  otherwise.  It  will  thus  be  seen  that  the  apparatus 
is  self-discharging;  for  at  every  revolution  of  the  crank,  L,  the  slides  in 
the  discharging  bos  will  be  alternately  opened  and  closed  so  as  to  allow 
a  small  quantity  of  the  charcoal  to  fall  through  the  lower  grating  into 
any  suitable  receptacle.  A  pipe  is  connected  with  the  chamber,  E,  for 
carrying  off  the  vapours  and  gases  evolved  from  the  charcoal  inside  the 
retort,  and  conveying  them  to  a  condensing  worm  or  other  condensing 
apparatus. 

The  idea  of  a  continuous  process  of  charging  and  emptying  the 
retorts,  first  carried  out  by  Messrs.  Brinjes  and  Collins,  was  subse- 
quently followed  up  by  a  Mr.  Drummond,  of  Montreal,  and  a  patent 
was  obtained  in  this  country  for  his  arrangement,  in  the  name  of  James 
Paterson,  in  the  year  1S62.  Drummond's  plan  consisted  in  placing 
two  or  more  inclined  revolving  or  reciprocating  retorts  at  reverse  angles 
one  above  another,  so  that  the  charcoal  shall  descend  by  its  oion  gravity 
from  the  upper  to  the  lower  retort,  and  be  finally  discharged  into  a 
closed  receiver  from  the  discharging  end  of  the  lowest  retort  of  the  series. 
Fig.  6  is  a  longitudinal  vertical  section  of  this  arrangement.  A  and 
B  are  two  cylindrical  retorts  inclined  in  reverse  directions,  and  placed 


one  above  the  other.  The  flame  from  the  furnace,  c,  has  free  play  round 
the  sides  of  both  retorts,  which  are  caused  either  to  revolve  continuously, 
or  to  have  an  alternating  motion  on  their  axes  by  means  of  a  worm,  D, 
gearing  simultaneously  into  two  worm-wheels,  e,  fitted  on  to  the  end 
of  the  upper  and  lower  retort  respectively.  The  upper  retort,  A,  is 
supplied  with  charcoal  by  the  feeding  hopper,  F ;  and  as  it  revolves,  its 
contents  is  caused  to  descend  gradually  along  the  interior  until  it  reaches 
the  lower  end,  where  it  is  lifted  up  by  a  series  of  vanes,  G,  attached  to 
the  end  cover  of  the  retort,  and  by  them  discharged  into  a  pipe,  h, 
leading  to  the  higher  end  of  the  retort  below.  After  traversing  the 
second  retort,  the  charcoal  is  again  lifted  up  by  a  set  of  revolving  vanes, 
G,  and  discharged  into  the  pipe,  I,  which  conducts  it  to  the  closed 
vessel  or  receiver,  J,  where  it  remains  until  cool  enough  to  be  packed. 
By  employing  two  or  more  retorts  in  connection  with  each  other,  and 
so  arranging  them  that  the  last,  or  that  in  which  the  operation  is  com- 
pleted, shall  receive  the  greatest  heat,  whilst  the  first  of  the  series  or  that 
into  which  the  charcoal  is  first  supplied,  receives  the  least  amount  of 
heat,  a  considerable  saving  of  fuel  is  effected ;  as  the  otherwise  waste  heat, 
after  having  acted  upon  the  lower  retort,  serves  to  heat  the  upper  one, 
and  thereby  to  gradually  prepare  the  charcoal  for  the  greater  heat  of 
the  finishing  retort.  K  is  the  upper  surface  or  top  plate  of  the  kiln, 
upon  which  the  charcoal  may  be  dried  and  then  shovelled  into  the 
feeding  hopper,  the  plate  being  slightly  inclined  to  facilitate  this  opera- 
tion. Drummond  appears  to  have  been  the  first  to  propose  the  use  of 
two  or  more  retorts  placed  one  above  another. 

In  1862,  Mr.  Torr  obtained  another  patent  for  apparatus  for  manu- 
facturing and  re-burning  animal  charcoal,  whereby  the  process  is  carried 
on  continuously,  in  lieu  of  intermittently  as  in  his  first  arrangement. 

Fig.  7  is  a  longitudinal  vertical  section  of  his  subsequent  arrange- 
ment. A  is  a  revolving  retort  placed  horizontally,  and  provided  with 
an  Archimedian  screw,  B,  in  the  interior  thereof.  In  the  interior  of 
this  cylinder,   which  he  calls  the  "  main  cylinder,"  there  is  placed 


another  and  smaller  cylinder,  c,  the  axis  of  which  coincides  with  tho 
axis  of  the  main  cylinder,  a  space  of  about  1  inch  being  left  between 
the  exterior  of  the  inner  cylinder  and  the  threads  of  the  screw,  B. 
This  inner  cylinder  is  open  at  both  ends,  and  extends  to  within  6  or  8 
inches  of  the  back  end  of  the  main  cylinder,  and  projects  about  2  feet 
beyond  the  front  of  it ;  it  is  secured  to  the  outer  cylinder,  and  revolves 
with  it.  An  Archimedian  screw  is  also  formed  inside  the  inner 
cylinder,  but  in  the  reverse  direction  to  that  of  the  main  cylinder;  and 
its  pitch  and  depth  must  be  in  accordance  with  the  different  diameters 
and  pitch  of  the  outer  screw,  so  that  the  crushed  bones  or  charcoal 
will  travel  with  the  same  velocity  and  in  a  continuous  stream  through 
each  cylinder.     At  the  front  end  of  the  inner  cylinder  there  is  <i 

Fig.  7. 


stationary  hopper,  D,  for  supplying  the  bones  or  charcoal  ;  and  to  the 
front  ends  of  the  cylinders,  A  and  c,  there  is  secured  a  revolving 
cooling-box,  E,  consisting  of  a  double  drum  of  sheet  iron,  the  inner 
drum  being  about  the  same  diameter  as  the  interior  of  the  main 
cylinder.  The  outer  side  or  face  of  this  drum  is  closed ;  but  the  inner 
side,  next  to  the  main  cylinder,  is  left  open  in  the  centre  to  receive 
the  contents  of  the  cylinder,  A,  after  being  operated  upon.  A  slide  is 
placed  between  the  inner  and  outer  drum  for  the  purpose  of  discharging 
the  contents  from  the  inner  into  the  outer  drum,  where  they  are  kept 
from  contact  with  the  atmosphere  till  sufficiently  cool  to  be  discharged 
from  the  outer  drum,  by  opening  another  sliding  door  therein.  In 
order  to  economize  fuel,  the  waste  heat  from  the  furnace,  F,  after 
passing  round  the  outer  or  main  cylinder,  A,  and  before  passing  to 
the  chimney,  enters  a  brick  chamber,  in  which  there  is  a  revolving 
cylinder,  G,  by  preference  of  the  same  diameter  as  the  inner  cylinder, 
C,  and  provided  with  an  internal  Archimedian  screw  attached  to,  or 
cast  on,  its  inner  surface.  The  crushed  bones  or  charcoal  are  fed 
into  the  upper  cylinder  from  the  stationary  hopper,  h;  and  after 
traversing  the  length  of  the  cylinder,  are  discharged  down  the  shute 
and  hopper,  D,  which  direct  them  into  the  inner  cjdinder,  c.  After 
traversing  this  cylinder  in  one  direction,  the  charcoal  is  discharged  at 
the  inner  end  of  the  cylinder  into  the  main  or  outer  cylinder,  and 
returns  in  the  contrary  direction,  being  finally  discharged  into  the 
revolving  cooling-box. 

In  1864  Mr.  J.  F.  Brinjes  obtained  a  patent  for  an  arrangement  of 
horizontal  cylindrical  retorts  having  a  circular  reciprocating  in  lieu  of 
a  continuous  rotatory  motion  on  their  axes.  Fig.  8  represents  a  sec- 
tional elevation  of  Mr.  Brinjes'  arrangement.  A  and  B  are  the  upper 
and  lower  retorts ;  the  upper  one  receiving  a  circular  reciprocating 
motion  direct  from  a  mangle  wheel  and  pinion,  or  other  convenient 
contrivance ;  and  the  lower  one  deriving  a  similar  motion  from  the 
upper  one,  by  means  of  an  endless  chain  passing  over  the  end  of  the 
upper  retort  and  under  the  end  of  the  lower  one — suitable  teeth  or  pro- 
jections being  furnished  for  taking  into  the  links  of  the  chain.  These 
retorts  are  contained  in  separate  chambers  above  the  furnace  or  fire- 
place, c ;  openings  being  made  in  the  roof  of  the  lower  chamber  com- 
municating with  the  upper  one,  so  that  a  free  circulation  of  the  heat 
from  the  furnace  is  allowed  to  take  place  round  both  retorts  before  it 
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escapes  by  the  passages,  D  d,  leading  to  the  flue,  E,  and  chimney. 
In  the  interior  of  each  retort,  a  number  of  internal  flanges,  at  regular 
intervals  apart,  are  formed ;  and  an  opening  is  made  in  each  flange  of 
the  series — such  openings  being  in  a  line  with  each  other,  from  end  to 
end  of  the  retorts :  the  arrangement  so  far  being  the  same  as  that 
shown  in  the  copperplate  engraving  described  above.  Along  this  line 
of  openings  passes  a  rocking  cranked  shaft,  which  carries  a  number  of 
inclined  vanes,  or  plates,  a,  one  in  each  of  the  intervals  between  the 
flanges.  As  the  cylinders  reciprocate  round  their  axes,  the  cranked 
shafts  with  their  vanes  turn  over  partly  by  their  own  gravity,  so  as  to 
reverse  the  angle  of  the  vanes,  and  consequently  the  charcoal,  as  it 
falls  down  the  rising  side  of  the  retort,  will  come  in  contact  with  the 
vanes,  and  be  thereby  deflected  into  the  adjoining  space  or  interval. 
When  the  retort  reverses  its  motion,  the  vanes  turn  over  to  the 
opposite  angle,  and  the  charcoal  is  again  deflected  or  directed  by  the 
inclined  surfaces  into  the  next  one  of  the  intervals  between  the  flanges; 
and  so  on  until  it  has  travelled  from  end  to  end  of  the  retort.     Fig.  9 

Tig.  8. 


is  a  transverse  section  of  one  of  the  retorts,  showing  the  different  posi- 
tions of  their  vanes  or  deflectors.  The  charcoal  is  discharged  from  the 
end  of  the  upper  retort  into  a  pipe,  F,  which  conducts  it  into  the  end 
of  the  lower  retort,  through  which  it  travels  as  above  described,  and  is 
finally  discharged  into  a  double  revolving  cooling  box,  G,  which  is 
kept  cool  by  a  water-jacket.  The  feeding  hopper  is  shown  at  h;  it 
opens  on  to  a  floor  or  platform  above  the  retorts,  whereby  the  charcoal 
can  be  readily  shovelled  into  it,  and  is  provided  with  a  sliding  door  for 
regulating  the  feed.  I  is  a  pipe  communicating  with  the  connecting-pipe, 
F,  of  the  retorts,  for  the  purpose  of  carrying  off  the  vapour  and  effluvia 
evolved  from  the  charcoal,  and  conveying  it  into  the  chamber,  K,  lead- 
ing to  the  chimney — a  throttle  valve  in  this  pipe  serving  to  regulate 
the  draught  to  the  extent  required.  On  comparing  this  arrangement 
with  Mr.  Brinjes'  most  recent  plan,  it  will  be  seen  that  he  has  succeeded 
in  simplifying  to  a  great  extent  the  means  employed  for  traversing  the 
charcoal  along  the  retorts. 


RECENT     PATENTS. 


WASHING    PHOTOGRAPHIC    PRINTS. 

John  Edwin  Grisdale. — Patent  dated  August  23,  1804. 

Tins  invention  relates  to  a  peculiar  construction  and  arrangement  of 
centrifugal  machinery  or  apparatus  for  washing  photographic  prints, 
aud  consists,  according  to  one  arrangement,  in  the  employment  of  a 
peculiarly  constructed  revolving  drum  in  combination  with  a  trough,  in 
which  such  drum  is  partially  immersed.  The  prints  to  be  washed  are 
taken  from  the  water  in  which  they  have  been  placed  on  their  removal 
from  the  fixing,  or  other  bath,  and  are  packed  in  one  or  more  piles, 
which  piles  are  placed  round  the  circumference  of  the  drum,  each  pile 
being  composed  of  alternate  prints  and  sheets  of  wire  gauze,  or  other 
open  or  reticulated  fabric,  so  that  no  two  prints  shall  be  in  contact 


with  each  other.  These  piles  are  held  in  their  places  on  the  drum 
by  means  of  open  frames  or  gratings  which  bear  against  the  opposite 
surfaces  of  each  pile,  and  are  secured  to  the  arms  of  the  drum  by 
screws,  or  otherwise,  the  whole  or  a  portion  of  such  frames  or  gratings 
forming  part  of  the  drum  itself.  Or  according  to  another  arrangement, 
the  piles  above  described  may  be  laid  flat  upon  a  disc  which  is  made  to 
revolve  either  vertically  or  horizontally  in  a  trough  or  cistern,  provision 
being  made  in  the  horizontal  arrangement  for  allowing  the  piles  to  be 
brought  in  or  out  of  contact  with  the  water,  as  required ;  or  in  lieu  of 
the  photographic  prints  being  disposed  in  the  form  of  piles  or  packs 
round  a  drum  or  revolving  disc,  they  may  be  laid  separately  and  indi- 
vidually round  the  surface  of  a  drum,  a  webbing  of  open  or  reticulated 
fabric  being  wound  on  such  drum  simultaneously  with  the  placing  of 
the  prints  thereon,  so  as  to  interpose  a  thickness  of  the  fabric  between 
each  succeeding  layer  of  prints.  The  process  of  washing  consists  in 
alternately  driving  out  the  moisture  from  the  prints  by  the  centrifugal 
action  of  the  revolving  drum  or  disc,  aud  saturating  the  prints  again. 
During  the  first  part  of  the  process  the  prints  are  not  immersed ;  but 
when  the  second  part  of  the  process,  namely  the  saturation,  is  to  be 
effected,  the  trough  or  cistern  is  to  be  supplied  with  water,  or  the  prints 
may  be  brought  down  into  the  water  and  caused  to  revolve  therein 
until  thoroughly  saturated,  when  the  water  may  be  run  off  from  the 
trough  again,  or  the  drum  or  disc  elevated  and  the  moisture  expelled  by 
centrifugal  force  as  before. 

Fig.  1  of  the  engravings  represents  a  longitudinal  vertical  section  of 
what  is  considered  to  be  the  best  form  of  the  improved  centrifugal 
machine  for  washing  photographic  prints,  as  it  will  accommodate  prints 
of  all  the  sizes  ordinarily  produced.  Fig.  2  is  a  corresponding  trans- 
verse vertical  section  of  the  same,  with  the  lid  or  cover  open.  A  A  are 
main  standards  or  supports  of  the  machine,  to  which  is  bolted  the  semi- 
cylindrical  trough,  b;  this  trough  is  provided  with  a  hinged  lid  or  cover, 
C,  which  when  closed  fits  over  the  trough,  and  incloses  a  revolving 
drum,  D,  situate  inside  the  trough,  and  when  open,  as  shown  in  fig.  2, 
rests  upon  two  supports,  a,  which  turn  upon  centres  at  b,  and  can  be 
adjusted  against  the  main  standards,  A,  when  not  in  use,  as  shown  by 
the  dotted  lines,  c  is  a  pin  passing  through  a  curved  slot  in  each 
support  for  the  purpose  of  retaining  them  when  opened  out  for  sup- 
porting the  lid  or  cover.  In  its  open  position  this  lid  or  cover  may  be 
used  as  a  table,  by  placing  a  board  thereon.  The  drum,  d,  is  com- 
posed of  perforated  metal  or  wire  gauze,  d,  supported  by  end  discs  or 
plates  having  arms,  e,  cast  therein,  or  screwed  thereto,  and  revolving 
round  the  shaft,  E,  as  a  centre.  As  it  is  necessary  that  a  high  velocity 
be  imparted  to  this  drum,  any  convenient  arrangement  of  multiplying 
gear  should  be  employed,  but  the  arrangement  which  it  is  preferred  to 
use  is  that  illustrated  in  the  engravings.  It  consists  either  of  one  or  a 
pair  of  bevel  wheels,  F  F,  in  the  centre  of  which  are  fitted  or  formed  the 
small  bevel  pinions,  G  G.  These  wheels  are  provided  with  long  bosses 
which  revolve  loosely  upon  the  spindles,  h,  formed  upon  a  boss,  I, 
which  is  keyed  on  to  the  shaft,  E.  The  pinions,  G,  gear  into  and 
describe  an  orbit  round  the  fixed  bevel  wheel,  k,  which  is  secured  to  or 
formed  in  one  piece  with  a  stationary  tubular  socket  or  long  boss,  L, 
screwed  into  one  of  the  two  plummer  blocks,  MM,  which  support  the 
shaft,  E.  The  bevel  wheel  or  wheels,  F,  gear  into  a  bevel  pinion,  N, 
provided  with  a  long  boss  or  tubular  socket,  o,  which  revolves  freely 
on  the  shaft,  e.  The  socket  or  boss,  o,  of  the  bevel  pinion,  n,  is 
brazed  or  soldered  to  bosses,  p,  on  the  spherical  chamber,  p,  which 
consequently  revolves  therewith  ;  the  chamber,  P,  inclosing  the  whole  of 
the  beforementioned  gearing,  and  being  connected  by  screws,  or  other- 
wise, at  its  bosses,  pp,  to  the  end  discs,  or  plates  of  the  drum,  D.  This 
chamber  is  made  fluid  tight,  and  is  supplied  with  oil  inside  through  a 
screwed  nozzle,  q,  which  oil  when  the  chamber  is  rapidly  rotated  is 
scattered  over  the  gearing  and  working  centres,  thereby  keeping  the 
parts  well  lubricated.  The  dirty  oil  passes  off  along  the  surface  of  the 
shaft,  e,  and  escapes  by  openings  made  for  that  purpose  at,  r  r,  in  the 
main  standards;  a  can  or  other  receptacle  being  placed  to  receive  the 
droppings.  In  place  of  making  the  drum,  D,  perfectly  cylindrical,  it  is 
preferred  to  augment  its  diameter  slightly  at  two  points,  as  shown  at  s  s, 
in  order  that  the  water  to  be  driven  off  may  have  a  tendency  to  collect 
at  such  parts  and  be  there  expelled ;  but  I  do  not  confine  myself  to  this 
particular  form  of  drum.  The  photographic  prints  to  be  washed  are 
placed  round  the  drum  between  the  convolutions  of  a  web,  t,  of  fibrous 
material  of  open  texture,  which  is  wound  round  the  drum  whilst  the 
prints  are  being  applied.   The  outer  convolutions  of  this  web  are,  by  pre- 
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ference,  of  a  thicker  and  stouter  material  than  the  inner  convolutions,  and 
the  loose  end  is  secured  by  pins,  holes  and  eyes,  or  other  convenient 
fastenings,  q  is  a  roller  mounted  upon  a  pair  of  spring  arms,  r,  for  receiving 
this  web  when  being  unwound  from  the  drum.  The  springs,  R,  cause 
the  roller  to  bear  against  the  periphery  of  the  drum,  and  thereby  insure 
the  winding  of  the  web  in  a  compact  and  regular  manner  round  the 
drum.  When  the  web  is  wound  on  the  drum,  and  the  prints  disposed 
amongst  the  convolutions,  the  lid  or  cover,  c,  is  closed  over  the  drum, 
the  roller,  Q,  being  sprung  back  to  allow  of  the  closing  of  the  lid,  and 
the  operation  of  washing  is  commenced.  This  consists,  in  the  first  place, 
in  imparting  a  rapid  rotary  motion  to  the  drum,  by  turning  the  winch 
handle,  s,  whereby  the  moisture  which  adhered  to  the  prints  on  their 

Fig.  1. 


removal  from  the  water,  in  which  they  had  been  placed  after  being 
taken  from  the  fixing,  or  other  bath,  is  driven  off  by  centrifugal  force. 
Clean  water  is  then  admitted  into  the  trough,  b,  by  the  pipe,  t,  and 
passage,  u,  the  latter  being  cast,  or  otherwise  formed  by  preference,  on 
the  end  of  the  trough,  v  is  a  discharge  pipe  for  emptying  the  trough. 
These  two  pipes,  T  and  V,  are,  by  preference,  made  of  some  flexible 
material,  such  as  india  rubber,  and  are  opened  and  closed  alternately  by 
the  pressure  thereon  of  a  ball,  w,  carried  by  a  crank  on  the  spindle,  x. 
A  metal  strap,  T,  curved  at  the  ends  embraces  both  the  pipes,  and  when 
the  spindle  is  turned  to  one  side  or  the  other,  the  ball  compresses  one 
or  other  of  the  pipes  against  the  curved  end  of  the  metal  strap  and 
closes  it.     z  is  a  pointer  attached  to  the  spindle,  which  indicates  on  a 

Fig.  2. 


dial  plate  the  opening  or  closing  of  either  of  the  pipes.  When  the  ball 
is  in  its  mid  position  both  pipes  will  remain  open ;  on  first  supplying  the 
trough  the  inlet  pipe  will  be  opened  and  the  outlet  closed,  until  a  suffi- 
cient quantity  of  water  has  entered.  The  ball  is  then  brought  into  its 
mid  position,  when  the  water  will  flow  out  as  fast  as  it  enters,  thereby 
producing  a  constant  change  of  water  whilst  saturating  the  prints,  which 
is  effected  by  revolving  the  drum  in  the  water  for  a  minute  or  two. 
The  inlet  is  then  closed,  and  as  the  outlet  still  remains  open  the  trough 
is  emptied,  and  the  water  absorbed  by  the  web  and  prints  is  again 
driven  off,  as  before,  by  the  action  of  centrifugal  force.  These  opera- 
tions of  alternate  expulsion  of  the  moisture  by  centrifugal  force,  and 
re-saturation  with  fresh  water,  are  repeated  until  all  trace  of  the  chemi- 
cals employed  in  the  baths  is  removed  from  the  prints;  the  entire  process 
being  effectually  completed  in  from  about  fifteen  to  twenty  minutes  in 
lieu  of  occupying  eight  or  ten  hours,  as  is  the  case  with  the  ordinary 
mode  of  washing.  The  ends  of  the  lid  or  cover,  c,  may  be  provided 
with  glass,  for  the  facility  of  inspecting  the  interior  of  the  trough,  and 
seeing  that  the  proper  quantity  of  water  is  supplied  thereto.  In  placing 
the  prints  round  the  drum  it  is  preferred  to  leave  a  space  at  the  points, 
sg,  so  as  not  to  impede  in  any  way  the  escape  of  the  water  at  those  parts. 


IMPROVEMENTS  IN  STAMPING. 

Lord  John  Hay.— Patent  dated  23rd  December,  1864. 

Tni3  invention  relates  to  a  mode  of  varying  at  will  the  forms  and  rela- 
tive positions  of  letters  or  other  marks  produced  by  stamping,  with  a 
view  to  the  verification  or  identification  of  such  stamped  letters  or  marks, 
and  rendering  them  less  easy  of  imitation,  thereby  serving  as  a  protec- 
tion against  forgery.     As  applied  to  an  autograph  stamp,  for  example, 


it  is  proposed,  according  to  this  invention,  to  make  some  or  all  of  the 
letters  or  marks  on  the  stamp  movable,  or  capable  of  having  their 
relative  positions  slightly  varied  but  without  actual  interchange  of  posi- 
tion or  transposition;  in  addition  to  which,  if  desired,  some  or  all  of  the 
letters  may  be  made  capable  of  slight  variation  in  their  form.  For 
this  purpose,  those  letters  or  parts  of  the  autograph  which  are  intended 
to  be  susceptible  of  variation  in  position  or  form  are  to  be  made  flexible, 
being  composed  of  thin  blades  of  any  suitable  metal,  whilst  the  rest  of 
the  letters  on. the  stamp  may  be  constructed  in  the  well-known  manner 
so  as  to  be  immovable.  This  autograph  stamp  is  fitted  on  to  the  sur- 
face of  any  convenient  hollow  case  or  holder,  the  movable  or  adjust- 
able letters  being  each  secured  to  the  holder  by  a  pin  or  pivot  about 
which  the  letter  is  free  to  play  or  turn  slightly.  Holes  are  made  in 
the  surface  plate  which  carries  the  autograph  stamp,  and  through  these 
holes  project  one  or  more  small  eccentric  pins  or  cams  which  bear 
against  the  sides  of  the  movable  letters.  Any  suitable  mechanism  inside 
the  hollow  case  operating  upon  the  eccentrics  will  cause  one  or  more  of 
the  movable  letters  to  vary  their  positions  laterally,  as  regards  each 
other,  such  letters  turning  about  the  pivots  or  centres  referred  to.  By 
placing  cams  inside  the  loops,  or  between  the  up  and  down  strokes 
of  the  letters,  it  is  obvious  that  on  turning  such  cams  the  loops  may  be 
opened  or  closed  more  or  less,  or  the  up  and  down  strokes  brought 
closer  together  or  wider  apart,  thus  varying  slightly  the  shape  or  form 
of  a  letter  without  necessarily  changing  its  position  with  relation  to  the 
adjoining  letters  of  the  autograph.  These  eccentric  pins  or  cams  may 
be  either  arranged  so  as  to  be  capable  of  separate  and  independent 
adjustment,  or  their  respective  axes  may  be  geared  together  by  toothed 
wheels,  or  sectors,  or  other  suitable  means  of  any  relative  dimensions, 
according  to  the  order  in  which  the  changes  are  to  be  made,  the  whole 
of  the  mechanism  being  actuated  from  any  of  the  series  of  axes  by  a 
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key  for  that  purpose.  On  each  of  the  aforesaid  axes  a  disc  or  locking- 
plate  is  fitted,  which  is  divided  on  its  periphery  into  a  number  of  parts 
corresponding  to  the  number  of  variations  intended  to  be  performed 
upon  the  letter  or  mark,  which  is  actuated  through  the  eccentric  or 
cam  carried  by  the  axis  on  which  such  locking-plate  is  fixed.  A 
spring  detent  takes  into  each  of  the  notches  in  the  disc,  and  each 
detent,  excepting  the  one  in  connection  with  the  axis  to  which  the  key 
is  intended  to  be  applied,  is  made  of  a  V  or  other  suitable  shape,  which 
enables  it  to  yield  on  the  application  of  a  rotatory  force  through  the 
intervening  axis ;  but  the  locking-plate  on  that  axis  of  the  series  which 
it  is  intended  shall  be  operated  by  the  key  is  fitted  with  a  detent,  which 
will  not  permit  of  any  rotatory  movement  until  the  detent  be  lifted 
out  of  the  notch  by  the  key,  thereby  preventing  any  accidental  move- 
ment of  the  eccentrics  or  cams,  and  of  the  letters  or  other  marks  which 
are  operated  by  them.  The  same  means  which  are  employed  for  vary- 
ing the  forms  and  positions  of  some  or  all  of  the  letters  of  an  autograph, 
are  equally  applicable  to  the  variation  of  the  position  or  form  of  the 
clasp,  dash,  or  flourish  under  or  about  an  autograph,  or  to  the  varia- 
tion of  a  trade  mark,  or  private  sign  or  symbol.  To  facilitate  the  use  of 
this  apparatus,  it  should  be  accompanied  by  a  permutation  chart  or  key, 
showing  various  combinations  of  the  positions  of  the  eccentric  pins  or 
cams,  or  letters  in  relation  to  each  other ;  each  combination  producing 
a  certain  known  variation  in  the  stamped  autograph  or  other  mark. 
The  combinations  may  be  changed  from  time  to  time,  taking  note  of  the 
particular  one  used  during  any  given  period,  or  on  any  specified  date,  so 
that  by  comparing  accurately  an  alleged  forgery  with  the  autograph 
produced  by  the  combination  used  at  tho  date  of  such  forgery,  it  will 
be  at  once  obvious  whether  the  signature  is  genuine  or  not.  This 
power  of  varying  slightly  according  to  a  known  order  which  may  itself 
be  varied  indefinitely,  but  without  changing  the  general  character  of  the 
autograph,  is  a  most  effective  protection  against  forgeries,  as  with  the 
use  of  only  five  eccentric  pins  or  cams,  and  suitable  actuating  gearing 
two  hundred  and  forty-three  absolutely  different  variations  in  the  sig- 
nature or  autograph  may  be  obtained,  and  of  course  by  the  applica- 
tion of  any  greater  number  of  eccentric  pins  or  cams  any  desired  number 
of  changes  may  be  effected. 

Fig.  1  of  the  engravings  is  a  plan  of  the  impressing  surface  of  the 
autographic  stamp,  showing  the  adjustable  or  variable  autograph  thereon. 

Fig.  1. 


Fig.  2  is  a  sectional  elevation  of  the  stamp,  showing  the  internal  mechan- 
ism. Fig.  3  is  a  sectional  plan  taken  along  the  line  1 — 2  in  fig.  2. 
The  rest  of  the  figures,  4,  5,  6,  7,  8,  are  details  and  diagrams  which  are 
hereinafter  more  fully  referred  to.  The  autograph  (fig.  1)  is  here  repre- 
sented as  having  the  whole  of  the  letters  therein,  as  well  as  the  dash  or 
flourish,  made  capable  of  variation  in  their  relative  positions  or  forms, 
such  parts  being  made  flexible  for  that  purpose  and  attached  to  the 
plate,  a,  by  means  of  small  screws  or  rivets,  b,  by  which  they  are  free 
to  play  or  turn  slightly.  The  plate,  a,  is  secured  to  the  bottom  of  any 
convenient  hollow  case  or  holder,  c,  which  may  be  provided  on  its 
upper  surface  with  a  handle,  d,  fig.  2.  The  mechanism  for  varying  the 
autograph  is  inclosed  within  the  case,  c,  and  consists  of  a  series  of 
vertical  spindles,  numbered  in  the  drawing  from  1  to  10  inclusively, 
each  spindle  carrying  toothed  segment  wheels  fast  thereon,  which  gear 
periodically  into  those  of  the  adjoining  spindles,  and  so  impart  motion 
to  some  or  all  of  them,  as  the  case  may  be.  The  spindles  turn  in  holes 
or  bearings  in  the  plates,  a,  e,  and/,  and  are  each  provided  at  their  lower 
extremities,  which  pass  through  the  plate,  a,  with  an  eccentric  pin,  g 
(fig.  1),  the  several  ecceutric  pins  being  so  disposed  in  the  convolutions 
or  loops  of  the  autograph  that  when  rotated  they  will  cause  the  letter^ 


to  vary  slightly  their  forms  or  their  positions  laterally  as  regards  each 
other,  according  to  the  position  which  each  eccentric  pin  is  made  to  as- 
sume. In  the  drawings  annexed  each  pin,  g,  is  capable  of  being  turned 
into  three  different  positions,  namely,  to  the  right,  to  the  left,  and  to  the 
dead  centre  or  intermediate  position  midway  between  the  other  two, 

Fig.  2. 


and  consequently  each  part  of  the  autograph  to  be  acted  upon  is  sus- 
ceptible of  three  displacements,  which  displacements  when  eccentric 
pins  are  used,  as  here  represented,  are  capable  of  giving  59,049  different 
combinations  or  changes  in  the  autograph,  but  without  altering  its 
characteristic  features.  Motion  is  imparted  to  the  first  or  driving 
spindle  1  of  the  series  by  means  of  a  peculiar  key  shown  in  figs.  4  and 
5,  hereinafter  described,  which  key  is  fitted  on  to  the  square  end  of  the 
spindle  1,  and  serves  to  impart  a  partial  revolution  thereto;  a  partial 
rotatory  motion  being  transmitted  when  required  to  one  or  more,  or  to 
the  whole,  of  the  series  of  spindles  by  the  aid  of  some  or  all  of  the  several 
toothed  segments,  h,  more  particularly  seen  in  fig.  7,  according  to  the 
positions  which  they  may  occupy  as  regards  each  other,  as  hereinafter 
explained.  On  the  top  of  each  of  the  several  spindles  is  fixed  a  disc  or 
locking-plate,  i,  which  is  provided  on  its  periphery  with  a  number  of 

Fig.  3. 


notches  corresponding  to  the  number  of  variations  intended  to  be  made 
upon  the  letter  or  mark  actuated  through  the  eccentric  pin,  g,  on  the 
spindle  which  carries  the  locking-plate.  In  the  present  case  three 
notches  are  shown,  that  being  the  number  of  variations  or  changes  made 
in  each  letter,  but,  of  course,  other  numbers  may  be  used.  In  practice, 
however,  it  is  not  found  expedient  to  use  more  than  five  notches,  as 
with  a  greater  number  the  movements  or  changes  of  the  eccentric 
pins  would  be  so  slight  as  to  render  any  change  in  the  letters  exceed- 
ingly difficult  of  detection.  A  spring  detent,  h,  takes  into  the  notches 
on  each  of  the  locking-plates,  and  each  detent  and  notch,  excepting 
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those  io  connection  with  the  spindle  1,  to  which  the  key  is  intended  to 
be  applied,  is  made  in  a  V,  or  other  suitable  shape,  which  enables  them 
to  yield  on  the  application  of  a  rotatory  force  through  the  intervening 
spindles.  The  locking-plate  on  that  spindle  of  the  series  which  it  is 
intended  shall  be  operated  upon  by  the  key,  is  fitted  with  a  detent  and 
notches  which  will  not  permit  of  any  rotatory  movement  until  the  detent 
be  lifted  out  of  the  notch  by  the  key,  thereby  preventing  any  accidental 
movement  of  the  eccentric  pins,  g,  and  of  the  letters  or  other  parts  of 
the  autograph  stamp  which  are  operated  by  them.  When  the  auto- 
graph is  in  what  is  termed  a  "neutral"  position  the  whole  of  the  eccentric 
pins  are  on  their  dead  centres  or  mid  position;  and  in  order  to  indicate 
clearly  the  positions  which  they  occupy,  a  line  is  engraved  on  the  surface 
of  each  locking-plate  in  such  a  direction  that,  when  the  eccentric  pin  of 
that  particular  spindle  is  in  its  neutral  position  or  on  the  dead  centre 
the  middle  notch  of  the  three  being  at  the  same  time  engaged  with  its 
detent,  the  said  line  will  be  in  a  vertical  position.  Hence,  by  observing 
the  direction  of  the  line  or  mark,  the  position  of  the  eccentric  pin  will 
be  ascertained.  This  will  be  clearly  understood  on  referring  to  the 
enlarged  diagram,  fig.  6,  where  i  represents  the  locking-plate  of 
spindle  1 ;  I,  2,  3  the  notches  thereon  ;  I  the  line  or  mark  for  indi- 
cating the  position  of  the  eccentric  pin ;  g  the  eccentric  pin  in  its 
different  positions  on  the  end  of  the  spindle  or  axis  ;  and  h  the  detent. 
The  parallel  dotted  lines,  1,  2,  3,  indicate  the  lateral  displacement  of 
the  eccentric  pin  obtained  by  engaging  the  correspondingly-numbered 
notches  with  the  detent,  7c.  The  full  lines  in  this  diagram  represent 
the  eccentric  pin  in  its  neutral,  or  mid  position,  corresponding  to  the 
central  dotted  line  2. 

It  will  be  seen  from  this  diagram  that  three  distinct  impulses  are 


Fie.  6. 


required  to  make  a  complete  revolution  of  the  spindle.  The  first 
impulse  of  a  quarter  of  a  revolution  brings  the  notch  1  opposite  to  the 
detent,  and  moves  the  eccentric  pin  to  the  right  or  on  the  dotted  line  1. 
The  next  is  a  half  revolution  engaging  the  notch  3  with  the  detent,  and 
moving  the  eccentric  pin  over  to  the  left  on  the  line  3 ;  and  the  last, 
which  is  a  quarter  of  a  revolution,  returns  it  to  its  original  or  "neutral" 
position  again,  engaging  the  notch  2  with  the  detent.  The  object  of  the 
half  revolution  is  to  bring  the  pin,  g,  past  the  opposite  dead  centre, 
which  position  would  be  equivalent  to  the  neutral  position  already 
obtained.  The  segmental  gearing,  a  portion  of  which  is  shown  in 
the  enlarged  diagram  at  fig.  7,  is  constructed  in  accordance  with  the 
movements  above  described,  namely,  so  as  to  transmit  from  spindle 
to  spindle  either  a  quarter  or  a  half  revolution  at  each  impulse,  as 
the  case  may  be.  The  vertical  lines  in  fig.  7  indicate  the  two  first 
of  the  series  of  spindles,  1,  2,  &c. ;  and  the  segments,  A,  respectively 
carried  by  them  are  shown  in  plan  in  the  positions  they  occupy  as 
regards  each  other  when  the  autograph  is  in  its  neutral  state.  The 
first  spindle  1  of  the  series  carries  two  segments,  A1  and  A2,  which  gear 
respectively  into  the  segments,  A3  and  h*,  on  the  spindle  2.  This 
spindle,  as  well  as  the  remaining  eight,  carries  four  segments  which  are 
mere  repetitions  of  those  just  referred  to;  the  segments  on  the  spindles 
4,  6,  8,  and  10  being  precisely  the  same,  both  as  regards  size  and  posi- 
tion as  those  on  the  spindle  2,  whilst  the  spindles  5,  7,  and  9  are  repeti- 
tions of  spindle  3.  In  cutting  the  teeth  of  these  segments  care  must  be 
taken  to  omit  the  first  two  or  three  teeth  at  each  extremity  of  the  seg- 
ments, so  that  they  shall  cease  to  gear,  and  come  into  gear  again,  exactly 
at  the  completion  and  commencement  of  each  quarter  or  half  revolution. 
The  spindle  1  is  first  turned  a  quarter  of  a  revolution  in  the  direction 
of  the  arrow  from  its  neutral  position,  which  has  the  effect  of  moving 
the  corresponding  eccentric  pin  to  one  side,  but  has  no  effect  on  the 
spindle  2.  The  next  motion  is  that  of  a  half  revolution,  which  brings 
the  eccentric  pin  over  to  the  opposite  side,  and  the  quarter  segment,  A1, 
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into  gear  with  the  half  segment,  A3,  on  spindle  2.  The  third  movement 
of  spindle  1  to  the  extent  of  a  quarter  of  a  revolution  transmits  an 
equal  movement  to  spindle  2  through  the  half  segment,  A3,  the  seg- 
ments, A'  and  A3,  being  both  of  the  same  radius.  By  this  time  it  will 
be  seen  that  the  eccentric  pin  of  the  second  spindle  has  been  moved  a 
quarter  of  a  revolution,  whilst  that  of  spindle  1  has  been  brought  back  to 
its  neutral  position  again.  The  spindle  1  is  then  turned  a  quarter  of  a 
revolution  and  a  half  revolution,  before  it  is  again  brought  into  gear 
with  the  spindle  2.  The  next  quarter  of  a  revolution  of  spindle  1 
imparts  a  half  revolution  to  spindle  2,  as  the  quarter  segment,  A2,  is 
double  the  radius  of  the  half  segment,  A*.  The  spindle  1  then  makes 
a  quarter  of  a  revolution  and  a 
half  of  a  revolution  which  brings 
the  quarter  segment,  A1,  again 
into  gear  with  the  half  segment, 
A3,  of  the  same  radius,  and  thus 
the  next  quarter  of  a  revolution 
of  the  spindle  1  will  also  impart 
a  quarter  of  a  revolution  to  the 
spindle  2,  thereby  bringing  both 
the  eccentric  pins  into  their 
neutral  position  again.  The 
spindle  1  has  thus  made  three 
revolutions  for  one  revolution  of 
the  spindle  2.  The  last  quarter 
of  a  revolution  of  the  spindle  2 
has  at  the  same  time  imparted  a 
quarter  of  a  revolution  to  the 
spindle  3  through  the  segments, 
A5  and  A6.  The  spindle  3  receives  a  half  revolution  by  means  of 
the  segments,  h7  A8,  by  the  time  the  spindle  2  has  completed  its 
second  revolution,  when  the  segments,  A9  and  A'°,  will  be  brought 
into  gear  successively  with  spindle  4,  and  so  on  throughout  the 
series;  each  driving  spindle  making  three  revolutions  for  one  of 
the  driven  spindle,  and  consequently  the  spindle  1  has  to  make  59,049 
revolutions  before  the  tenth  spindle  has  completed  a  single  revolution. 
Fig.  4  represents  an  elevation  of  the  key,  twice  the  usual  size,  employed 
in  changing  the  autograph  ;  fig.  5  is  a  sectional  elevation  at  right  angles  to 
fig.  4.  This  key  is  made  in  two  parts,  a  and  b,  the  part  b  being  capable 
of  turning  slightly  inside  the  part  a,  and  is  provided  with  a  square  socket 
to  fit  into  the  correspondingly-shaped  end  of  the  spindle  1.  A  pin  or 
stud,  c,  is  fitted  into  the  part,  b,  and  passes  through  a  slot  made  in  the  outer 
part,  a,  of  the  key,  so  as  to  allow  the  part,  6,  to  turn  more  or  less  when 
applied  according  to  the  length  of  this  slot,  d  is  a  coiled  spring  which 
serves  to  bring  back  the  part,  b,  to  its  original  position  again  when  the 
key  is  removed  from  the  spindle.  On  one  side  of  the  outer  part,  a,  of 
the  key,  and  at  the  extremity 

thereof,  is  fixed  a  cam,  e,  Fig.  8. 

which  is  intended  to  lift  the     loeS76a432l 
detent  out  of  its  notch  in  jtl 


spindle,  the  play  of  the  inner  (lAlXjJUAbMAiJUWU 2 

part,  b,  being  sufficient  for  ©©0QQ00G)Q0  — 3 

this  purpose,  but  by  the  time  f~\r~\/^~\r~\i^\r~\r~^r~\(T\r~^ * 

the  detent  is  pushed  out  of  UXUGAlJClJUClJUJtA.;— * 

the  notch  and  the  locking-plate  thereby  released,  the  pin,  c,  has  arrived 
at  the  opposite  end  of  its  slot,  and  by  continuing  the  motion  of  the 
key  the  spindle  with  its  locking- plate  is  carried  round  until  the  detent 
drops  into  the  next  notch.  Before  a  further  impulse  can  be  given  to 
the  spindle  1  the  key  must  be  removed  and  again  fitted  on  to  the  square 
end;  it  being  necessary  that  the  cam,  e,  should  be  placed  in  close  prox- 
imity to  the  detent  before  each  action  of  the  key.  Fig.  8  represents 
a  portion  of  the  permutation  chart  or  key  which  should  accompany 
each  stamp,  such  chart  showing  the  whole  of  the  different  changes  of 
which  the  stamp  is  susceptible,  each  change  being  numbered  in  con- 
secutive order,  as  shown  by  the  vertical  column  of  figures.  The 
numbers  on  the  horizontal  row  indicate  the  corresponding  spindles 
in  the  stamp  before  described.  The  circles  indicate  the  several 
locking-plates,  and  the  straight  line  from  the  centre  of  each  circle  to 
its  circumference  corresponds  with  the  line  or  mark,  I,  on  the  face  of 
the  locking-plate.  As  in  the  autograph  stamp  above  described,  each  of 
the  letters  or  portions  of  letters  can  be  adjusted  to  three  different  positions, 
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the  mark  on  each  locking-plate  has  three  corresponding  positions, 
making  thirty  positions  in  all  for  the  ten  movable  parts  of  the  auto- 
graph. The  flirection  in  which  each  of  the  ten  movable  parts  of  the 
autograph  is  moved  by  the  eccentric  pins  is  ascertained  by  the  corres- 
ponding position  of  the  mark  on  the  locking-plate,  and  written  down  on 
the  chart ;  so  that  the  position  of  those  marks  being  found  by  inspection, 
the  corresponding  position  of  each  letter  is  known  on  referring  to  the 
chart.  The  neutral  position  of  the  autograph  is  indicated  by  number 
1  on  the  chart,  wherein  the  whole  of  the  marks  are  in  a  neutral  position, 
as  described  in  reference  to  the  locking-plates. 

As  the  autograph  is  changed  in  its  general  character  by  effecting 
slight  changes  in  particular  letters,  and  as  such  variations  can  proceed 
in  no  other  order  than  that  which  is  laid  down  on  the  chart,  it  is  only 
required  to  furnish  the  means  of  ascertaining  with  what  particular  com- 
bination a  given  document  has  been  stamped.  In  order  to  accomplish 
this  object  it  is  preferred  to  use  one  combination  for  all  the  documents 
stamped  on  a  given  date,  changing  such  combination  daily  through 
any  number  of  intermediate  combinations  at  will;  providing  such  changes 
are  effected  in  some  regular  order  which  the  owner  of  the  autograph 
may  remember  sufficiently  well  to  repeat  daily,  and  to  record  on  com- 
mencing to  use  the  stamp  the  date  and  corresponding  position  of  the 
marks  on  the  locking-plates.  He  may  then,  by  counting  or  ascertaining 
the  number  of  days  which  have  elapsed  from  the  date  at  which  he 
observed  and  recorded  the  positions  of  the  marks  on  the  locking-plates, 
find  the  position  of  those  marks  for  the  current,  or  any  intermediate 
date  ;  or  in  signing  documents  of  more  than  ordinary  importance  he  may 
adopt  or  assign  one  combination  wholly  to  any  such  document ;  but  in 
such  cases  it  would  be  advisable  to  mark  on  the  chart  the  nature  or  name 
of  the  documents  opposite  the  combination  which  had  been  stamped 
upon  it — by  which  means  the  departure  from  the  sequence  or  order  is 
notified,  and  the  various  combinations  which  have  been  stamped  on 
documents,  and  which  depend  for  their  identification  upon  their  corres- 
ponding with  the  date  upon  them,  may  be  readily  ascertained. 

In  order  to  detect  an  alleged  forgery  an  accurate  tracing  of  the  auto- 
graph, with  all  its  movable  letters  in  their  "  neutral"  position,  is  graven 
on  glass  or  any  transparent  and  otherwise  suitable  material.  As  the 
position  of  the  marks  on  tho  locking-plates  can  be  ascertained  for  any 
given  date,  it  is  only  necessary  to  find  the  position  of  those  marks  cor- 
responding to  the  date  on  the  alleged  forgery,  and  the  exact  particulars 
in  which  the  autograph  of  that  date  must  differ  from  the  neutral  auto- 
graph on  the  glass  or  other  tracing  will  be  seen.  By  placing  the 
tracing  of  the  neutral  autograph  over  the  alleged  forgery,  it  will  be  seen 
whether  it  differs  from  it  exactly  in  the  order  indicated  by  the  marks 
or  otherwise;  and  failing  to  comply  with  such  deviations  from  the 
neutral  autograph  establishes  the  fact  beyond  doubt  that  forgery  has 
been  committed. 

The  following  provisions  are  made  in  order  to  prevent  accidental 
deranging  of  the  stamp,  or  in  the  event  of  such  occurring  the  fact  can 
be  ascertained  by  the  following  means : — The  movements  of  the  letters 
are  effected  by  a  key  of  peculiar  construction  (as  described),  which 
renders  it  impossible  to  turn  the  machinery  the  wrong  way,  or  more 
than  sufficient  to  effect  one  change  in  the  autograph  without  withdraw- 
ing the  key  altogether  and  deliberately  making  one  change  more. 
This  key  may  also  be  made  to  operate  simultaneously  with  the 
machinery  of  the  autograph,  any  counting  or  registering  apparatus 
combined  with  the  stamp,  by  which  tho  number  of  changes  are  regis- 
tered, such  number  corresponding  to  the  number  in  the  chart. 

The  machinery  of  the  autograph  is  also  capable  of  moving  backwards 
if  a  special  key  with  its  cam  reversed  be  provided  ;  so  that  by  turn- 
ing it  in  the  reverse  direction  through  as  many  movements  as  have 
been  communicated  to  it  from  the  date  of  the  last  occasion  on  which 
the  position  of  the  marks  on  the  locking-plates  was  observed  and 
recorded,  the  marks  will  again  occupy  the  same  position,  and  thus 
the  instrument  will  verify  its  own  accuracy. 


IMPROVEMENTS  IN  HYDRANTS  OR  FIRE-COCKS. 

Richard  Ciirimes,  RutJicrkam.— Patent  dated  September  17,  1864. 

Tins  invention  consists  in  the  employment  of  a  small  valve  in  combi- 
nation with  a  sluice  valve,  in  such  a  manner,  that  when  the  sluice  valve 
is  open,  and  the  hydrant  or  fire-cock  in  use,  the  small  valve  will  be 
shut,  and  vice  versa.    When  the  sluice  valve  is  closed,  the  hydrant  or 


fire-cock  being  out  of  use,  the  small  valve  is  opened  by  a  projection  on 
the  valve  of  the  sluice  pressing  upon  a  lever,  which  is  connected  with 
the  small  valve,  thus  opening  such  small  valve  and  allowing  the  water 
to  flow  out  of,  or  escape  from  the  elbow  pipe,  so  as  to  empty  the  same, 
and  prevent  it  from  being  frozen. 

The  accompanying  engraving  represents  a  side  elevation  and  partial 
section  of  a  hydrant,  having  these  improvements  applied  thereto,  and 
connected  to  a  fixed  street-watering  stand-post ;  the  sectional  portion 
showing  the  hydrant  valve  closed,  and  the  frost  valve  fully  open ; 
the  stand-post  and  hydrant  being  in  consequence  completely  empty, 
and  therefore  not  liable  to  injury  from  frost.  The  street  stand- 
post  is  provided  with  the  usual  screwed 
nozzle  for  the  attaching  of  a  hose,  c 
is  the  hydrant  elbow,  to  which  the 
stand-post  is  secured  in  any  well-known 
or  other  convenient  manner.  The  com- 
munication between  the  elbow,  c,  and 
the  main  or  other  water-supply  pipe  at 
D,  is  opened  or  closed  as  required  by 
the  sluice  valve,  e,  operated  upon  in 
the  usual  manner.  On  the  back  of  this 
sluice  valve,  there  is  formed  a  small 
projection,  a,  which  after  the  orifice  of 
the  sluice  valve  is  closed,  and  before 
such  valve  is  completely  home  in  its 
seat,  presses  upon  the  tail  of  a  short 
lever,  b,  the  opposite  end  of  which 
is  connected  with  the  frost  valve,  c, 
situated  between  the  sluice  valve 
and  the  stand-pipe,  and  opens  such 


frost  valve,  so  as  to  allow  the  stagnant  water  in  the  hydrant  elbow 
and  stand-post  to  flow  off  after  the  sluice  valve  has  been  closed.  The 
projection,  a,  is  so  placed  with  regard  to  the  lever,  b,  that  the  sluice 
valve  will  be  actually  closed  before  the  frost  valve,  c,  is  opened ;  whilst 
on  the  other  hand,  the  frost  valve,  c,  will  be  closed  l>y  its  own  gravity 
before  the  sluice  valve  is  opened,  there  being  sufficient  play  in  the 
sluice  valve  after  its  orifice  is  closed,  to  permit  of  the  opening  of  the 
frost  valve.  It  will  thus  be  seen,  that  by  this  arrangement  it  is  im- 
possible to  place  the  valves  in  such  a  position,  that  both  will  remain 
open  ;  which  position  would  cause  an  unnecessary  waste  of  water  through 
the  frost  valve,  d,  represents  a  screwed  nozzle  to  which  a  pipe  may  be 
fitted  for  carrying  off  the  waste  water  from  the  frost  valve  into  a  drain 
or  sewer. 


REGISTERED    DESIGN. 


DRY  GAS  METER  CASE. 

Henry  Alder,  of  the  Grange  Meter  Works,  Edinburgh,  Proprietor. 

The  purpose  of  utility  to  which  the  shape  or  configuration  of  the  new 
parts  of  this  design  has  reference,  is  the  making  of  the  cases  of  dry 
gas  meters  more  durable,  and  at  the  same  time  allowing  the  meters 
themselves  to  be  more  easily  repaired. 

Fig.  1  is  a  vertical  section  of  the  meter  case  with  its  central  partition, 
and  fig.  2  is  a  plan  of  the  upper  surface  of  the  top  plate  of  the  same, 
with  the  gas  passages  attached.  To  accomplish  the  objects  in  view  the 
meter  case  is  made  in  two  parts,  a,  b,  of  such  a  form  or  shape  as  to 
admit  of  cast  iron  being  employed  in  lieu  of  tin  plate,  the  two  parts,  a,  b, 
being  joined  together  by  screws  or  bolts  and  flanges,  c,  c,  these  flanges 
being  turned  inwards,  as  shown,  and  containing  the  partition  d,  between 
them,     e,  e,  are  other  flanges  on  the  outer  edges  of  the  two  parts,  a,  b, 
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of  the  meter,  such  flanges  being  turned  outwards  and  having  bolted  or 
screwed  thereto  the  end  covers,  /  /.  g}  is  the  gas  passage  or  canal, 
forming  part  of  the  top  of  the  meter. 

Fie.  2. 


The  gas  enters  the  meter  at  k,  passes  along  the  canal  g,  and  rises 
into  the  valve  box  (indicated  by  the  dotted  lines) ;  so  that  the  gas 
entering  at  ?,  cannot  escape  except  by  the  slide  valves  through  which 
it  passes  to  and  from  the  different  chambers,  leaving  it  finally  at  k,  and 
passing  to  the  burners. 

The  parts  of  this  design  which  are  not  new  or  original  as  regards  the 
shape  or  configuration  thereof,  are  the  parts  marked  d,f,  h,  h. 


LAW    REPORTS. 


RIGHTS  OF  EXCLUSIVE  LICENCES. 

The  Ajttline  Blue  Dye  Patent. — Regard  v.  Levinstein. — Before  Vice- 
Chancellor  Sir  W.  P.  Wood,  January  24.  This  was  a  bill  tiled  by  MM.  Renard  of 
Lyons,  and  Messrs.  Simpson,  Maule,  and  Nicholson,  manufacturing  chemists,  of 
Atlas  Works,  Lock's  Fields,  Newington,  for  the  purpose  of  restraining  an  alleged 
infringement  by  the  defendant,  Hugo  Levenstein,  of  Girard's  patent,  for  blue  and 
violet  dyes,  now  vested  in  MM.  Renard,  and  of  which  Messrs.  Simpson,  Nicholson, 
and  Maule  are  the  sole  Hcencees  in  this  country. 

The  patent,  which  was  dated  12th  January,  1861,  was  granted  to  M-  Girard  for 
"improvements  in  preparing  colouring  materials  for  dyeing  and  printing;  the 
result  partly  of  a  communication  from  abroad  made  to  him  by  M.  Georges  De  Laire, 
of  the  Mint,  in  Paris,  and  partly  of  invention  and  discovery  made  by  himself." 

The  invention  had  been  on  the  2nd  January  patented  in  favour  of  Messrs.  Girard 
and  De  Laire.     The  specification  of  the  English  patent  is  as  follows : — 

"  I  take  red  aniline  dye,  a  substance  now  well  known,  and  which  is  prepared  from 
aniline,  or  more  commonly  from  a  mixture  of  aniline  with  its  homologucs,  and  which 
may  be  prepared  from  the  homologues  of  aniline :  and  this  dye,  having  been  purified 
in  the  usual  manner,  is  mixed  with  a  quantity  of  aniline.  The  proportions  which  I 
prefer  to  employ  are  about  equal  quantities  by  weight  of  aniline  or  its  homologue 
and  of  red  aniline  dye.  The  mixture  is  maintained  for  several  hours  (say,  about 
five  or  six)  at  a  temperature  between  155°  and  180°  centigrade,  and  as  nearly  as 
possible  to  165°.  The  substance,  which  is  now  violet,  is  boiled  with  a  mixture  of 
water  and  hydrochloric  acid,  say  10  or  12  parts  of  acid  to  one  of  the  substance,  the 
acid  being  mixed  with  a  large  quantity  of  water,  and  the  boiling  is  continued  until 
the  washing  is  complete.  The  excess  of  aniline  and  red  dye  which  has  not  been 
transformed  is  dissolved,  and  a  violet  residue  remains.  This  residue  is  completely 
soluble  in  alcohol,  acetic  acid,  wood  spirit,  and  boiling  water  slightly  acidulated  with 
acetic  acid.  All  these  solutions  may  be  employed  directly  for  dyeing  violet.  In 
order  to  obtain  the  blue  dye  the  violet  mass  is  boiled  several  times  with  hydro- 
chloric acid  dilated  with  a  small  quantity  of  water,  say  10  parts  of  hydrochloric 
acid  of  commercial  strength  to  100  parts  of  water,  and  then  washed  with  boiling 
water,  the  boiling  being  continued  until  the  operation  is  completed,  as  will  be  readily 
ascertained  by  the  appearance  of  the  dye.  The  substance  thus  obtained  is  a  blue, 
having  a  beautiful  coppery  lustre.  To  employ  this  colour  in  dyeing  it  is  sufficient 
to  dissolve  it  in  concentrated  acetic  acid,  alcohol,  or  wood  spirit,  and  to  dilute  these 
solutions  with  a  sufficient  quantity  of  water.  I  would  state  that  liquids  obtained 
by  treating  the  violet  mass  with  hydrochloric  acid  and  water  contain  hydrochlorate 
of  aniline  and  red  dye;  they  are  precipitated  by  an  alkali,  and  aniline,  which  may 
be  purified  by  distillation,  is  thus  recovered.  I  would  also  remark  that  in  place  of 
first  preparing  a  red  dye,  and  purifying  the  same,  a  similar  result  may  be  obtained 
by  treating  aniline  with  re-agents,  such  as  are  ordinarily  employed  to  convert  it  into 
red  dye,  but  using  an  excess  of  aniline,  so  that  the  first  action  is  to  convert  a  part 
of  the  aniline  into  red  dye,  and  then,  the  heat  being  maintained  as  heretofore 
mentioned,  the  excess  of  aniline  converts  the  red  dye  into  the  violet  substance.  I 
prefer,  however,  to  conduct  the  process  in  the  manner  first  described.  Having  thus 
described  the  nature  of  my  invention,  and  the  manner  of  performing  the  same,  I 
would  have  it  understood  that  what  I  claim  is  the  treating  red  aniline  dye  with 
aniline  or  its  homologue,  so  as  to  transform  it  into  other  dyes  as  hereinbefore 
described.H 


The  plaintiffs,  who  had  manufactured  and  sold  large  quantities  of  blue  dye  under 
this  patent,  filed  their  bill  on  the  2nd  of  October,  i8H3,  against  the  defendant, 
Hugh  Levinstein,  charging  him  with  an  infringement  of  their  patent,  and  praying 
relief  by  injunction,  by  account,  and  also  in  damages.  Various  proceedings  had 
taken  place  in  the  suit,  and  in  November,  18G3,  an  interim  injunction  was  granted 
against  the  defendant.  The  case  now  came  on  for  trial  before  the  Vice-Chancel  lor 
without  a  jury  upon  the  usual  issues  of  (1)  novelty  of  invention  at  the  date  of  the 
patent;  (2)  whether  Girard  was  the  first  and  true  inventor;  (3)  sufficiency  of 
specification  ;  (4)  utility  of  invention;  and  (5)  infringement  by  the  defendant. 

The  defendant,  besides  denying  infringement,  contested  by  his  particulars  of 
objection  the  validity  of  the  patent  on  the  several  grounds — that  it  was  bad  for  want 
of  novelty ;  that  the  invention  was  not  that  of  Girard  (the  patentee  in  this  country), 
and  that  if  Girard  was  the  inventor,  or  had  any  share  in  the  invention,  the  patent 
was  bad,  inasmuch  as  it  did  not  specify  and  distinguish  that  which  was  his  share 
from  that  which  was  communicated  from  abroad  by  De  Laire.  The  defendant  also 
objected  that  the  specification  was  insufficient,  and  that  it  was  impossible  to  manu- 
facture a  "true"  blue  dye  by  the  process  therein  described;  that  the  terms  used 
were  ambiguous  and  uncertain,  especially  "  red  aniline  dye,"  "violet  mass,"  "violet 
residue,"  and  "purified  in  the  usual  manner;"  that  the  invention  was  not  useful, 
and  that  it  had  been  already  anticipated  by  prior  patents  taken  out  by  De  Laire 
and  Girard. 

In  support  of  the  plaintiff's  case  Professor  Hoffman,  Professor  Kopp,  of  Stras- 
burg,  Drs.  Franklin,  Abel,  Redwood  Odling,  Mr.  Warrington,  &c,  were  called. 
M.  Persoz,  Professor  of  Chemistry  at  the  Conservatoire  des  Arts  et  Metiers,  M. 
Franc,  and  the  patentees  MM.  De  Laire  and  Girard,  also  gave  evidence,  through  an 
interpreter,  on  behalf  of  the  plaintiffs. 

The  scientific  witnesses  for  the  defence  included  Drs.  Wanklyn,  Letheby,  and  Mr. 
A.  Miller,  Mr.  Dugald  Campbell,  and  Professor  Crooks. 

Mr.  Grove,  Q.C.,  Sir  Hugh  Cairns,  Q.C.,  Mr.  Giffard,  Q.C.,  Mr.  J.  A  Russell, 
and  Mr.  Drewry  appeared  for  the  plaintiffs.  Mr.  J.  Johnstone  on  behalf  of  the 
Fuscheine  Company,  who  are  assignees  in  France  from  MM.  Renard,  watched  the 
case.  Mr.  Jessel,  Mr.  Aston,  and  Mr.  Bagshawe,  appeared  for  the  defendant,  Hugo 
Levinstein. 

The  Vice- Chancel  lor,  after  stating  the  case,  said  that  he  had  been  prepared 
to  give  judgment  at  the  beginning  of  Term,  but  had  postponed  doing  so  when  he 
found  that  the  Lord  Chancellor  was  about  to  give  judgment  in  "Simpson  v. 
Holliday"  (the  Magenta  dye  case).  The  patent  in  that  case  contained  an 
alternative  process  according  to  the  wording  of  the  specification,  and  he  had  been 
of  opinion  that  the  difficulty  thus  raised  could  be  got  over,  and  had  upheld  the 
patent.  The  Lord  Chancellor,  however,  came  to  a  different  conclusion,  and  pro- 
nounced against  the  patent  in  that  case.  He  thought  it  necessary  to  state  his  view 
of  the  law  as  derived  from  the  authorities,  as,  possibly  from  some  inaccuracy  in  the 
short-hand  notes,  some  expressions  would  seem  to  have  been  attributed  to  him  by 
his  lordship  for  which  he  did  not  hold  himself  responsible.  All  that  he  intended 
to  say  by  way  of  summing  up  the  authorities  was,  that  the  courts  had  thrown  away 
that  sort  of  construction  which  had  once  prevailed,  by  which  patents  were  dealt 
with  as  other  grants  from  the  Crown,  where  the  greatest  strictness  prevailed 
against  the  subject,  and  where  the  subject  would  be  taken  to  have  bound  himself 
and  parted  with  his  rights,  the  instrument  in  such  a  case,  in  opposition  to  the  usual 
rule  as  to  grants  between  subjects,  being  constructed  most  strictly  against  the  grantee. 
Now,  he  conceived  that  this  sort  of  construction  was  wholly  discountenanced  by  the 
later  decisions,  and  that  the  tendency  of  the  judges  had  been  to  construe  the 
words  of  a  patent  "  so  as  to  support  it  if  it  could  be  fairly  done,"  and  again,  "  not 
by  any  means  to  be  astute  to  pick  holes  in  a  patent."  His  Honour,  after  referring 
at  some  length  to  the  leading  authorities  upon  the  subject,  said  that  he  regretted  if 
he  had  in  the  former  case  gone  beyond  those  authorities,  as  he  had  no  intention  of 
doing  so.  Where  the  main  thing  proposed  by  the  patentee  was  capable  of  being 
accomplished,  and  where,  by  pursuing  the  course  indicated  in  the  specification,  effect 
could  be  given  to  the  discovery  supposed  to  be  given  to  the  world,  then,  as  it 
appeared  to  him,  the  court  would  not  be  astute  on  behalf  of  the  public,  which  had 
had  its  bargain  and  received  full  consideration,  to  defeat  the  patent  and  deprive  the 
patentee  of  his  property.  His  Honour  then  proceeded  to  examine  the  various 
objections  that  had  been  raised  to  the  patent.  With  respect  to  the  objection  that 
the  patent,  which  was  stated  to  be  "  the  result  partly  of  a  communication  from 
abroad  (by  De  Laire)  and  partly  of  invention  and  discovery  by  himself  (Girard)," 
did  not  disclose  the  separate  parts  of  the  invention,  any  such  disclosure  was  shown 
upon  the  evidence  by  De  Laire  and  Girard  to  have  been  impossible.  Experiments 
which  ultimately  led  to  the  result  were  performed  by  them  jointly,  and  it  would  be 
utterly  impossible  for  them  to  narrate  the  several  processes  of  discovery  which  passed 
through  their  minds.  Upon  this  point  he  should  not  have  heard  a  reply  if  the 
lords  justices,  upon  the  motion  to  dissolve  the  injunction,  had  not  seemed  to  indi- 
cate that  some  weight  must  be  given  to  the  objection.  He  might  also  observe  that, 
when  a  patent  for  the  same  invention  was  granted  both  abroad  and  in  this  country, 
the  English  patent  would  terminate  as  soon  as  the  patent  which  had  been  obtained 
abroad  ceased.  There  was  not,  in  his  opinion,  the  slightest  necessity  for  showing 
which  part  of  the  patent  had  been  communicated  from  abroad,  and  the  objection 
must  be  overruled.  With  respect  to  the  objections  arising  upon  the  specifica- 
tion itself,  he  was  of  opinion  that  the  patentee  had  clearly  disclosed  the  process 
necessary  to  produce  the  result,  and  that  there  was  no  such  difficulty  or  ambiguitv 
in  the  terms,  looking  at  the  scientific  evidence  not  only  on  behalf  of  the  plaintiffs 
but  also  of  the  defendant,  as  to  induce  the  court  to  say  that  the  patent  was  invalid. 
With  respect  to  infringement  he  had  not  heard  a  reply,  as  the  answer  of  the  defend- 
ant, when  corrected,  and  very  properly  corrected  by  his  counsel,  admitted  not  only 
the  use  of  "hydrochlorate  of  rosaniline,"  which  was,  in  other  words,  "red  anilino 
dye,"  but  also  the  use  of  aniline.  The  whole  thing  being  new  the  defendant  was 
not  entitled,  after  taking  the  identical  combination  claimed  by  the  plaintiff,  and 
adopting  the  same  process,  to  throw  in  some  additional  ingredient,  even  if  it  had  the 
effect  of  improving  the  colour,  and  then  insist  that  he  had  not  been  guilty  of 
infringement.  His  Honour  concluded  a  judgment  which  occupied  two  hours  in. 
delivery  by  finding  in  favour  of  the  plaintiffs  on  all  the  issues. 

January  27. — The  case  subsequently  came  before  the  court  on  a  motion  for  an  in- 
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junction,  consequent  upon  the  finding  of  his  Honour  for  the  plaintiff  upon  all  the 
issues,  when  it  was  contended  by  Mr.  Jessel,  on  behalf  of  the  defendant,  that  the  court 
could  not  grant  an  interlocutory  injunction  on  behalf  of  mere  licencees  from  Messrs. 
Eenard,  who  had  been  originally  made  plaintiffs  as  owners  of  the  patent,  but  were 
now  no  longer  interested  in  it,  as  since  the  bill  was  filed  they  had  assigned  the 
patent  to  M.  Fazolle,  on  behalf  of  the  Societe'  Fuchseine,  carrying  on  business  at 
Lyons.  Various  other  objections  were  also  urged  against  the  motion,  including  the 
question  of  infringement  by  the  defendant  Levinstein. 

Mr.  Giffard,  Q.C.  (with  whom  were  Sir  Hugh  Cairns,  Q.C.,  and  Mr.  Drewry), 
was  heard  in  reply,  and  contended  that  Messrs.  Simpson,  Maule,  and  Nicholson,  as 
the  exclusive  licencees  in  England  of  this  patent,  were  equitable  owners,  and  as 
such  entitled  to  maintain  a  bill  against  infringers  of  the  patent. 

The  Vice-Chancellor  said  that  be  had  no  hesitation  in  holding  that  the  court 
would  give  redress  against  the  infringement  of  a  patent  at  the  suit  of  those  who 
were  the  exclusive  licencees.  The  principle,  which  was  perfecly  simple,  was  that 
the  court  would  not  allow  any  interference  with  rights  acquired  under  an  agree- 
ment, of  which  the  persons  seeking  to  interfere  had  full  knowledge.  Any  such 
interference  would  be  treated  as  a  wrong,  and  as  such  restrained  by  this  court.  In 
the  present  case  the  defendant  continued  doing  that  which  he  had  notice  not  to  do, 
and  was  a  wrong-doer  against  both  the  co-plaintiffs,  the  owners  of  the  patent  and 
also  the  licencees,  who  were  both  entitled  to  restrain  such  an  invasion  of  their  pro- 
perty. The  owners  of  the  patent  had,  during  the  progress  of  the  suit,  assigned 
their  rights,  and  though  he  had  refused  to  allow  the  bill  to  he  amended  by  making 
the  new  owners  plaintiffs,  they  had  been  brought  before  the  court  as  defendants, 
and  would  be  bound  by  the  proceedings.  The  case  was  simply  that  of  a  transfer  of 
interest  during  the  suit,  while  the  person  who  was  the  wrong-doer  continued  the 
conduct  complained  of  until  restrained  by  injunction.  On  general  principle  he  must 
hold  that  the  persons  who  held  the  exclusive  licence  to  use  the  patent  in  this 
country  were  entitled  to  the  protection  of  the  court.  Upon  the  question  of 
infringement  he  felt  no  doubt.  His  Honour  referred  at  considerable  length  to  the 
evidence  on  this  question,  and  distinguished  the  case  from  that  of  "  Heath  v. 
Unwin"  (5,  House  of  Lords'  Cases),  holding  that  the  defendant  Levenstein  had 
been  guilty  of  infringement  in  both  the  processes  used  by  him.  The  order  would 
be  to  restrain  him,  until  the  hearing  or  further  order,  from  making  or  selling  any  dye 
made  according  to  the  invention  and  process  described  in  the  specification  of  the 
letters  patent.  As,  however,  the  injunction  was  interlocutory,  the  plaintiffs  must 
give  an  undertaking  as  to  damages. 


Filtering  Machines. — Needham  v.  Oxley. — Before  Vice-Chancellor  Sir 
W.  P.  Wood,  March  27.  This  was  a  motion  to  commit  the  defendant  for  breach 
of  an  injunction  obtained  against  him  by  the  plaintiff  in  18(13,  whereby  he  was 
restrained  from  infringing  the  plaintitTs  patent  for  filtering  machines.  The  injunc- 
tion was  granted,  as  the  result  of  a  trial  by  special  jury  before  the  Vice-Chancellor 
in  18G3,  when  the  validity  of  the  plaintiff's  patent  was  established,  and  a  verdict 
was  given  against  the  defendant  on  the  issue  of  infringement.  The  trial  is  reported, 
Practical  Mechanics  Journal,  vol.  viii.,  2nd  Series,  page  130.  The  object  of  the 
present  motion  was  to  obtain  the  opinion  of  the  court  whether  a  machine  now  used 
by  the  defendant,  and  made  by  him  under  his  patent  granted  to  hiin  in  November, 
1862,  was  an  infringement  of  the  plaintiff's  patent. 

Mr.  Willcock,  Q.C,  Mr.  Hindmarsh,  Q.C,  Mr.  Needham,  and  Mr.  Bagshawe 
were  for  the  plaintiff;  Mr.  Giffard,  Q.C,  Mr.  Theodore  Aston,  and  Mr.  Lang- 
wortliy  appeared  for  the  defendant. 

The  plaintiff's  machine  (of  which  an  engraving  is  given  in  our  former  report) 
consists  of  a  case  containing  a  number  of  slabs  or  trays,  with  grooved  upper  and 
under  surfaces,  and  filtering  cloths  between  them,  and  an  apparatus  through  which 
the  substance  out  of  which  the  moisture  is  to  be  expressed  is  pumped,  and  forced  by 
the  force  pump  into  the  space  or  chamber  between  the  slabs  or  trays  so  that  the 
moisture  is  pressed  out  of  it  and  runs  off  through  the  grooves. 

The  following  is  a  general  description  of  the  defendant's  machine,  which  was  the 
subject  of  the  present  proceedings.  The  substances  to  be  operated  upon  are  placed 
in  an  air-tight  vessel,  made  of  iron,  copper,  or  other  metal,  and  an  air-pump  is 
connected  with  this  vessel  and  atmospheric  air  forced  into  the  top  part  of  it;  the  air 
being  thus  compressed  above  the  semifluid  substances  gradually  drives  the  latter 
through  a  pipe  leading  from  the  lower  part  of  the  vessel  to  a  wooden  or  metal  box 
or  chamber  placed  near  it.  In  this  box  or  chamber  are  a  number  of  cloths  folded 
like  bags,  having  wire  sheets  or  perforated  plates,  or  both,  between  them,  so  that 
each  pair  of  cloths  is  separated  from  others  by  the  wire  sheets  cr  perforated  plates. 
The  effect  of  this  arrangement  is  that  the  semifluids  flow  under  the  pressure  of  the 
compressed  air  into  the  centre  of  the  cloths  or  bags,  and  by  means  of  this  pressure 
the  liquid  is  exptdled  through  the  texture  of  the  cloth,  so  that  it  runs  away  by  the 
wire  sheets  or  perforated  plates  and  out  through  the  bottom  of  the  box,  leaving 
behind  the  solid  residuum  in  the  cloths. 

The  defendant  by  his  specification  described  this  arrangement  in  detail,  and 
claimed  the  "method,  above  described,  of  separating  liquids  from  solids  by  supplying 
and  forcing  the  semifluids  into  the  filtering  apparatus  by  the  pressure  of  air  acting 
within  the  vessel,  from  which  the  same  are  forced  into  such  apparatus." 

For  the  plaintiff  it  was  contended  that  this  machine  was  an  infringement  of  their 
patent  of  1853.  The  defendant  submitted  that  there  was  a  real  and  substantial 
difference  between  the  two  machines. 

The  case  having  been  argued  before  the  Vice-Chancellor  now  came  on  for  judg- 
ment, when  the  Vice-Chancellor  stated  that  he  was  of  opinion  that  the  defendant 
had  availed  himself  of  the  plaintiffs  invention  no  further  than  the  plaintiff  had  of 
the  inventions  which  had  preceded  him.  His  Honour  held  that  there  was  a  real 
and  substantial,  and  not  a  merely  colourable  difference,  between  the  two  machines 
and  refused  the  motion  with  costs. 


REVIEWS    OF    NEW    BOOKS. 


The  Life  of  Robert  Stephenson,  F.R.S.,  &c,  &c.       By  J.  C. 

Jeaffreson.  With  Descriptive  Chapters  on  some  of  his  most  im- 
portant professional  works,  by  William  Pole.  2  vols,  8vo.  London : 
Longman.      1864. 

SECOND    NOTICE. 

We  have  now  arrived  at  the  year  1824.  Prominent  amongst  the 
sanguine  speculations — not  to  employ  the  harder  phrase  of  "  bubble 
schemes" — of  that  scheming  period,  was  the  Columbian  Mining  Asso- 
ciation. One  of  the  chief  projectors  of  this  was  Mr.  Richardson,  the 
founder  of  the  great  discount  house  of  Richardson,  Overend,  &  Gurney, 
and  an  intimate  acquaintance  of  Mr.  Pease,  of  Darlington.  Through 
this  link  of  connection,  George  Stephenson  came  to  be  employed  to 
select  men  and  plant,  and  himself  to  ship  large  consignments  of  iron 
and  machinery  for  America.  As  part  manager  of  the  Stephenson  & 
Longridge  Works  at  Newcastle,  where  more  or  less  of  this  plant  seems 
to  have  been  prepared,  Robert  Stephenson  became  known  to  Mr. 
Richardson,  and  an  offer  was  made  to  him  by  the  latter  to  accompany 
the  expedition  to  South  America. 

After  some  continued  opposition  on  his  father's  part,  Robert  received 
his  father's  consent  to  accept  the  post  of  agent  to  the  Mining  Asso- 
ciation. Before  proceeding  to  the  New  World  he  made  a  trip  into 
Cornwall  with  his  uncle,  George  Robert  Stephenson ;  and  during  his 
subsequent  residence  in  London,  before  his  final  departure,  got  some 
lessons  in  assaying  or  chemical  analysis,  or  more  probably  in  the 
external  characteristics  of  the  ores  of  the  precious  metals,  from  the  late 
Professor  Richard  Phillips,  for  which  the  Columbian  Association  paid 
at  the  rate  of  Jive  guineas  for  each  lesson. 

At  last  after  protracted  stay  in  London,  while  the  affairs  of  the 
Mining  Association  were  being  licked  into  shape,  Robert  Stephenson  at 
last  sailed  from  Liverpool ;  not  as  the  appointed  manager  for  the  asso- 
ciation, but  as  the  agent  for  the  company's  London  agents,  Messrs. 
Herring,  Graham,  &  Powles. 

George  Stephenson  came  to  Liverpool  to  take  leave  of  his  son,  and 
this  visit,  it  is  probable,  laid  the  foundation  of  the  connection  with  that 
neighbourhood,  which  ultimately  issued  in  the  Liverpool  and  Manchester 
Railway ;  for  George  appears  to  have  been  introduced  to  the  society  of 
some  influential  persons  at  Liverpool  on  this  occasion,  whose  names 
afterwards  figure  in  connection  with  that  undertaking. 

On  his  .departure  Robert  directed  Herring,  Graham,  &  Powles  to  pay 
£300  per  annum,  out  of  his  own  salary  of  £500,  to  his  father ;  the 
motive  apparently  being  that  the  Newcastle  works — the  management  of 
which  he  himself  was  now  leaving  to  his  father  and  others,  without  his 
own  aid — were  unremunerative,  and  likely  to  be  so  for  a  considerable 
time  to  come. 

Robert  arrived  at  La  Guayra  in  July,  1824;  and  in  accordance  with 
his  instructions,  was  in  the  first  instance  to  report  home  on  the  expe- 
diency of  constructing  either  a  harbour  or  a  pier  and  landing  place 
at  La  Guayra,  and  of  forming  a  railway  or  road  from  that  place  to 
Caraccas.  He  reported  against  attempting  to  form  a  harbour,  but 
proposed  a  pier,  the  chief  reason  alleged  against  the  former  being  the 
heavy  seas  off  the  coast.  A  portion  of  the  report  is  given  by  Mr. 
Jeaffreson.  It  would  be  unfair  to  criticise  minutely  the  almost  maiden 
document  of  so  young  a  man,  which,  even  in  the  fragment  given,  is  not 
free  from  jejuneness. 

After  having  given  some  examples  of  thrown  blocks  of  rock  as  indi- 
cations of  the  force  of  the  seas,  he  says  : — "  It  is  very  remarkable  that 
during  the  slorm  to  which  I  have  alluded,  scarcely  a  breath  of  wind 
prevailed,  while  the  sea  raged  with  such  violence  as  to  drive  every  ship 
in  the  harbour  from  her  anchors,  and  several  were  wrecked  on  the 
coast.  The  cause  of  this  extraordinary  phenomenon  is  yet  unknown 
to  us.  It  is  not  improbable  that  it  is  some  branch  of  the  Gulf  Stream, 
modified  by  the  conformation  of  the  coast,  the  nature  of  the  soundings, 
and  many  other  circumstances  combined,  with  which  we  are  totally 
unacquainted." 

A  quaint  old  writer  has  said — "  There  is  almost  no  gold  in  the  trace 
of  the  touch  needle,  yet  the  morsel  proves  the  metal's  quality  better 
than  the  whole  ingot."  We  have  in  this  sentence  or  two  a  "touch- 
needle  "  trace  of  the  quality  of  Robert  Stephenson's  mind,  and  at 
the  same  time  some  measure  of  the  amount  of  information,  which  he 
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had  read  up,  as  to  matters  of  fact  in  relation  to  the  region  into  which 
he  had  come.  Passing  by  the  verbal  confusion  of  calling  that  a  storm 
which  was  only  a  heavy  ground  swell  without  a  breath  of  wind,  we 
cannot  but  perceive  that  he  was  perfectly  ignorant  of  the  fact  already 
well  known  both  in  South  America  and  to  European  science— that  these 
tremendous  seas,  breaking  upon  particular  points  of  the  coast  without 
any  wind,  were  concomitants  of  distant  submarine  earthquakes;  while 
we  equally  remark  in  the  misty  reference  of  the  phenomenon  to  the 
Gulf  Stream,  that  the  writer  had  no  distinct  knowledge  as  to  the  topo- 
graphy and  nature  of  that  great  ocean  current,  nor  any  clear  conceptions 
on  the  subject  of  waves  or  the  modes  of  their  production  :  in  fact,  he 
confuses  great  sea  reaves  with  some  branch  of  the  Gulf  Stream,  i.e., 
waves  with  currents. 

The  most  and  the  best  is  made  by  Robert's  biographer  of  his  career 
during  the  short  time  he  remained  in  South  America.  Everything  from 
the  outset  was,  as  regards  this  and  several  other  of  the  like  gold-mining 
expeditions  of  the  period,  a  tissue  of  ignorant  blundering  at  home,  too 
often  mixed  with  dishonesty  on  the  part  of  the  "  wire  pullers  "  in  Lon- 
don, and  of  waste  and  disaster  abroad.  R.  Stephenson,  though  a  very 
unfit,  because  beyond  question  a  very  unskilled  man,  for  the  position  in 
which  he  had  been  placed,  did  not  worse  nor  better  than  many  others 
in  like  case  at  that  time.  Indeed  we  know  of  one,  whose  fame  now 
rests  only  upon  his  discoveries  and  collections  as  a  naturalist  in  Mexico 
and  California — namely,  the  late  Dr.  Coulter — who,  if  his  acts  while 
physician  to  one  of  these  gold- seeking  companies  at  this  same  period 
had  ever  been  written,  would  have  far  outshone  with  truth  anything 
that  even  such  panegyrists  as  Mr.  Smiles  or  Mr.  Jeaffreson  can  elaborate 
for  their  hero.  There  was  real  ground  for  glowing  story  in  the  conduct 
of  a  man  who,  bred  a  surgeon  and  just  emerged  from  university  life — 
when  every  mechanic  of  his  expedition,  and  both  its  commanders,  were 
dead  or  struck  down  by  fever,  and  most  of  the  men  ailing  and  disabled 
— while  attending  to  the  duties  of  physician  to  all,  succeeded  in  not 
leaving  the  heavy  castings  on  the  coast,  but  in  getting  them  up  to  the 
mines ;  and,  although  he  had  never  seen  a  pumping  engine  before  in  his 
life,  probably,  succeeded  in  erecting  the  one  sent  out,  and  had  it  at  work 
before  the  arrival  of  the  engineers  sent  out  to  replace  those  who  had 
died.  Coulter  was  of  that  higher  order  of  men  who  love  truths  "  from 
which  they  can  see  no  ultimate  benefit  beyond  satisfying  the  curiosity 
of  man,"  and  although  he  gave  up  his  life  as  an  ultimate  consequence 
of  his  exertions,  his  name  lives  and  will  live  embalmed  in  one  of  the 
mighty  trees  he  discovered,  the  Pinus  Coultiri,  though  his  heroism 
and  administrative  achievements  in  America  are  known  but  to  a  few 
of  his  friends.  There  were  heroes  as  great  as  Agamemnon,  had  they 
but  had  a  Homer  to  sing  them. 

We  hasten  over  the  abundantly  expatiated  on  events  of  R.  Stephen- 
son's life  in  the  valley  of  Santa  Ana,  and  pass  the  exaggerated  account 
of  his  "  quelling  the  mutiny"  amongst  the  Cornish  miners,  and  the  very 
irresolvable  nebular  glimpses  we  are  given  of  what  he  really  effected, 
if  anything ;  and  before  following  him  home  to  Europe  once  more,  have 
just  to  notice  one  more  charming  bit  of  incidental  tinsel  thrown  upon 
the  embroidered  story.  After  a  glowing  picture  of  how  "  the  amount  of 
work  he  performed  in  the  service  of  his  employers  was  very  great — he 
explored  the  country  far  and  near ;  made  assays  of  specimens  of  ores ; 
wrote  reams  of  letters  and  reports,  many  of  which  besides  being  unex- 
ceptional as  business  documents,  have  considerable  literary  merits ; 
drew  out  a  sketch  for  an  efficient  administration  of  mines;  and  in  every 
way  strove  to  earn  and  save  money  for  the  association "  (p.  97)—  all 
which  rather  oddly  jars  with  the  statement  (p.  92),  that  in  one  of  his 
letters  to  bis  step-mother  at  this  period,  he  describes  himself  as  dividing 
his  lime  between  eating  and  study — the  narrative  tells  us— 

To  his  cottage  dwelling  at  Santa  Ana,  "  visitors  came  from  Bogota 
and  Maraquita,  and  for  weeks  together  he  had  with  him  Mr.  Boussin- 
ganlt  and  Dr.  Roullin.  The  former  was  an  accomplished  chemist  and 
geologist,  and  the  latter  had  been  invited  by  the  Government  to  become 
professor  of  mathematics  in  a  university  which  it  was  proposed  to 
establish  in  the  new  repub'ic.  Under  their  guidance  Robert  Stephenson 
studied  vntk  system  and  accuracy  the  higher  branches  of  mathematics, 
and  various  departments  of  natural  science."  For  this  last  most 
startling  statement  we  should  like  to  know  what  is  the  biographer's 
authority ;  it  can  scarcely  be  less  than  an  exaggeration,  hung  upon 
some  slender  peg  of  fact.  Is  it  not  perfectly  well  known  to  scores  of 
competent  men  still  living,  that  Robert  Stephenson  to  the  end  of  his  life 
knew  nothing  whatever  of  "  the  higher  branches  of  mathematics,"  and 


took  good  care  never  to  meddle  in  public  with  even  its  elementary 
applications  ?  Is  it  not  well-known  to  many  members  of  the  Institution 
of  Civil  Engineers,  who  have  heard  him  take  part  in  discussions,  that 
his  notions  of  the  higher  mechanics,  such  as  the  laws  of  elasticity  in 
their  application  to  stress  and  strain  on  beams  and  girders,  &c.  (the 
subject  of  all  others  with  which  bis  fame  is  popularly  most  connected), 
were  confused  and  indistinct,  and  sometimes  even  erroneous  ?  and  do 
not  numbers  of  men  remain  who  have  heard  him  join  in  with  some 
remarks  in  discussion,  at  the  Geological  Society,  or  the  Society  of  Arts, 
or  others  the  like — as  it  was  his  wont  to  do  now  and  then  after  he  had 
become  a  London  celebrity — and  who  know  that  he  showed  a  mind 
but  ill-furnished  with  the  facts  of  natural  science,  and  not  naturally 
gifted  with  more  than  average  power  of  grasping  nature's  laws? 

Robert  Stephenson  finally  left  South  America  to  return  to  Europe  in 
1827,  a  successor  having  been  appointed  at  his  own  request  by  the 
association,  which  had  within  the  three  or  four  years  wasted  a  capital 
of  £200,000.  The  ill  success,  the  waste,  were  no  fault  of  Stephenson's. 
Most  of  it  was  inevitable  to  an  undertaking  projected  and  managed  as 
this  and  others  like  it  were;  but  we  do  not  think  it  tells  much  for  his 
foresight  or  his  energy,  that  during  the  interval  of  three  years  Stephen- 
son saw  this  capital  melting  into  thin  air  day  by  da}',  from  causes  which 
must  have  been  well  known  to  him,  though  he  perhaps  could  not  con- 
trol them,  and  yet  did  not  at  once  resign  his  post,  or  devise  and  demand 
such  changes  as  would  have  converted,  if  such  were  possible,  the  coming 
disasters  into  mercantile  success.  On  his  way  home  he  fell  in  with 
Trevithick  at  Carthagena,  and  with  the  kindliness  of  nature  that  un- 
doubtedly belonged  to  him,  appears  to  have  assisted  that  daring  and 
reckless,  though  brilliant  and  able  man,  with  such  pecuniary  help  as 
might  enable  him  to  reach  England.  "  An  instructive  study,"  says  Mr. 
Jeaffreson,  "  was  that  rude,  gaunt,  half-starved  Cornish  giant,"  eager 
for  fresh  knowledge,  liberal,  daring,  self-reliant  and  original  in  all  ques- 
tions pertaining  to  his  own  profession,  but  on  all  other  subjects  untaught 
and  unobservant.  There  is  no  doubt  that  the  original  and  daring  views 
of  Trevithick,  with  respect  to  the  capabilities  of  the  locomotive,  made 
a  deep  impression  on  Robert  Stephenson."  The  latter  returned  to  Eng- 
land by  way  of  New  York  and  Canada.  Arrived  at  Liverpool,  he  found 
his  father  settled  in  a  comfortable  house,  and  superintending  the  construc- 
tion of  the  railway  then  in  progress  between  that  place  and  Manchester. 

In  September,  1825,  th'e  Stockton  and  Darlington  Railway  had  been 
opened  for  traffic,  in  part  with  locomotives,  just  as  the  old  colliery  rail- 
ways had  been  long  before  worked.  On  this  early  line  was  constructed 
a  suspension  bridge,  which  proved  so  flexible  under  the  trains  of  wag- 
gons that  it  had  to  be  and  long  remained  shored  up  with  timber,  a 
striking  example  of  want  of  judgment,  and  of  that  class  of  errors  which 
want  of  sound  theoretic  knowledge  involves  to  even  the  most  able  of 
merely  nature  or  tact-taught  mechanics. 

The  first  bill  for  the  Liverpool  and  Manchester  line,  in  June,  1S25, 
had  been  defeated  by  the  opposition  of  the  canal  companies,  and  with- 
drawn, grave  mistakes  in  levels,  &c,  on  the  plans  having  been  pointed 
out.  A  temporary  cloud  had  settled  upon  old  George's  fame  as  an 
engineer,  and  Robert  found  that  "  stern  trial  had  turned  his  father's 
hair  gray,  and  bitten  deep  the  lines  of  care  in  his  countenance."  Mr. 
Longridge,  writing  to  Robert  in  this  year,  says — "  Railways  still  continue 
the  fashion,  though  I  am  sorry  to  add  that  your  father  has  not  that 
share  of  employment  which  his  talents  merit."  The  elder  Stephenson, 
however,  was  not  a  man  to  be  vanquished  easily ;  "  he  struggled  hard  to 
recover  the  ground  lost  chiefly  through  the  blunders  of  his  subordinates," 
but  which,  we  may  add,  a  better  educated  man  would  have  possessed  the 
means  of  discovering  and  checking  in  good  time;  and  in  1826  the  second 
bill  passed,  giving  power  to  lay  down  the  Liverpool  and  Manchester  line, 
George  Stephenson  being  appointed  engineer-in-chief,  with  a  salary  of 
£1000  a  year.  Before  the  next  year  had  passed,  "the  shade  had  passed" 
fully  and  finally  from  his  fame  as  an  engineer.  The  Liverpool  and  Man- 
chester line  was  in  steady  progress,  and  father  and  son  once  more  met 
when  hopes  were  bright  and  real  for  both.  After  a  few  days  at  Liver- 
pool, a  visit  of  business  to  London,  and  a  trip  of  pleasure  and  business 
combined  to  Belgium,  Robert  returned  to  Newcastle,  and  at  the  com- 
mencement of  1828  resumed  his  share  of  the  management  of  the  engine 
works  there,  and  set  himself  steadily  to  work  to  improve  the  existing 
form  of  the  locomotive,  so  that  by  the  time  the  Liverpool  line  should 
be  ready  for  opening,  the  directors  might  be  induced  to  adopt  it  as  the 
means  of  haulage.  We  now  approach  the  great  turning  point  in  the 
lives  of  both  the  Stephensons,  and  with  it  of  all  modern  locomotion  on  laud. 
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The  panegyrists  and  advocates  of  the  Stephensons  have  by  the  con- 
stant, though  often  inconsistent,  misrepresentations  of  many  years,  and 
partly  by  the  help  of  extraneous  circumstances,  succeeded  in  raising 
such  a  cloud  around  the  parts  really  taken  by  those  engineers  in  the 
improvement  of  the  locomotive,  as  to  have  actually  persuaded  a  large 
proportion  of  the  comparatively  ill-informed  public  that  the  locomotive 
was  in  very  deed  the  sole  invention  and  creation  of  the  Stephensons. 
Tens  of  thousands  who  go  to  the  so-called  Patent  Museum  at  Brompton, 
to  see  the  old  Wylam  engine,  reverentially  nicknamed  "  Puffing  Billy," 
are  under  the  impression  that,  like  Adam  in  Paradise,  that  locomotive 
came,  as  it  stands,  perfect  from  the  creative  hand  of  George  Stephenson. 
It  is  not  unusually  heard  even,  that  "  he  invented  railways ; "  for  was  it 
not  he  who  uttered  that  oracle,  that  "wheel  and  rail  were  man  and  wife?" 

We  do  not  by  these  remarks  refer  specially  to  Mr.  Jeaffreson ;  for  it 
is  doing  him  no  more  than  justice  to  say,  that,  whatever  be  the  general 
tendency  of  his  work,  he  nowhere  in  words  gives  countenance  to  those 
popular  errors,  but  on  the  contrary  expressly  states,  that  the  attribution 
of  the  invention  of  the  locomotive  to  either  of  the  Stephensons  is  a 
mere  figment. 

Still,  the  figment  has  done  its  work,  and  the  popular  error  on  the 
subject  is  widely  diffused. 

It  will  be  useful,  therefore,  to  dwell  for  a.  little  upon  what  had  been 
the  past  history  and  existing  position  of  steam  locomotion  on  land,  prior 
to  the  years  1829-1830,  in  order  the  better  to  understand  what  it  was 
that  the  Stephensons  really  did  and  did  not  do. 

As  the  Liverpool  and  Manchester  railway  approached  completion, 
the  directors  began  to  look  anxiously  about  for  information,  to  decide 
them  as  to  what  form  of  traction  should  be  employed  upon  the  line. 
A  thousand  tons  of  goods  alone  (then  deemed  a  prodigious  traffic) 
was  expected  to  pass  each  way  per  diem,  besides  passengers,  &c.  The 
notion  generally  floating  in  the  minds  of  those  more  or  less  conversant 
with  the  subject,  was,  that  horse  traction  would  be  resorted  to.  The 
locomotive  on  the  Stockton  and  Darlington  line  had  not  advanced  much 
beyond  the  position  of  experiment.  So,  in  October,  1828,  a  deputation 
of  the  directors,  accompanied  by  Mr.  Booth,  the  treasurer,  visited  the 
Northumberland  and  Durham  regions,  to  see  for  themselves  how  the 
railways  there  worked.  They  returned  with  only  a  negative  conclusion, 
but  one  of  value ;  viz.,  that  whatever  the  traction  was  to  be,  it  could  not 
be  by  horses,  to  meet  the  expected  traffic. 

The  question  was  thus  narrowed  to  a  choice  between  haulage  by  ropes 
and  stationary  engines,  or  by  the  locomotive  in  some  form.  A  majority, 
it  is  said,  of  the  directors,  and  undoubtedly  the  treasurer,  Mr.  Booth, 
and  their  engineers,  were  in  favour  of  the  locomotive.  They  prudently, 
however,  called  for  the  advice  of  two,  if  not  three,  independent  engineers 
— and  Messrs.  Walker  and  Rastrick  reported,  to  the  great  annoyance  of 
these,  in  favour  of  haulage  by  fixed  engines;  while  Mr.  Telford,  who,  it 
is  said,  was  also  applied  to,  reported  doubtfully.  In  this  these  engineers 
were  indubitably  wrong,  though  the  degree  and  nature  of  the  error  are 
more  obvious  now  than  they  were  at  that  moment. 

In  this  divided  state  of  counsel  and  councils,  it  was  decided  by  the 
directors,  urged  by  their  treasurer  and  engineer,  in  April,  1829,  to  offer 
a  reward  of  £500  for  the  most  improved  locomotive,  to  be  publicly  com- 
peted for,  under  fixed  conditions,  in  the  October  following.  In  this 
competition  the  Stephensons  joined,  although  engineers  of  the  Com- 
pany, and  therefore  in  the  position  of  judges  as  well  as  competitors — 
this  anomaly  being  thinly  veiled  under  the  guise  that  their  engine  was 
that  "  of  Mr.  Robert  Stephenson,  of  Newcastle-on-Tyne." 

Let  us  now  glance  back  at  what  had  been  done  in  steam  and  wheel 
locomotion,  and  by  whom,  before  and  up  to  this  time. 

Mechanical  locomotion,  by  the  adhesion  of  the  rim  of  a  loaded  wheel 
to  the  surface  upon  which  it  rolled,  while  being  forced  to  revolve  by 
some  tangential  force,  is  very  old.  Camus,  who  was  born  in  1672,  and 
died  in  1732,  had  made,  in  1729,  an  automaton  coach  and  horses  for 
Louis  the  XIV. ;  and  other  mechanicians  had  made  automata,  which 
were  moved  by  rolling  in  this  way — the  adhesion  being  that  of  a 
smooth-rimmed  wheel  upon  a  smooth  surface ;  here  the  power  was 
supplied  by  the  relaxation  of  a  wound-up  spring. 

As  early  as  1759,  the  ingenious  and  discerning  Dr.  Robison,  of  Scot- 
land, promulgated  some  not  obscure  notions  as  to  the  possibility  of 
producing  locomotion  on  land  by  steam-power.  In  America,  Oliver 
Evans,  in  1772,  divulged  similar  ideas  in  relation  to  his  peculiar  engine. 

In  1784,  Symington  proposed  steam  locomotion — his  designs  being 
brought  to   such   a  distinct   state,   that   Mr.  Millar,  of  Dalswinton, 


requested  him  to  modify  them  so  as  to  suit  for  moving  a  boat,  by 
the  rotation  of  a  paddle  wheel.  In  the  same  year,  Watt  patented  the 
application  of  his  engine  to  moving  carriages.  He,  however,  for  various 
reasons,  loved  his  own  condensing  engine  best — which  was  very  inap- 
plicable for  locomotive  purposes — and  seems  never  to  have  entertained 
an  adequate  idea  of  the  vast  importance  of  railways  or  steam  locomo- 
tion ;  and  so  the  matter  slumbered  with  him. 

But  Trevithick  was  hard  at  work  in  the  south,  and  fully  alive  to 
what  must  result  from  railways,  and  a  successful  railway  locomotive. 
In  1802-1803,  he  had  actually  completed,  as  has  been  already  noticed, 
his  locomotive  high-pressure  engine,  which  at  one  stride  overstepped, 
in  several  respects,  all  that  had  been  done  before  him.  Trevithick,  we 
have  reason  to  know,  fully  understood  and  asserted,  at  this  period,  the 
truth  (within  certain  limits),  that  the  increase  of  speed  upon  a  railway 
was  a  question  only  of  increased  production  of  steam. 

To  Trevithick  unquestionably  belongs  the  original  observation  of  the 
value  of  the  draught  produced  by  the  escape  steam  in  the  chimney — and 
observation  here  was  tantamount  to  invention. 

This  is  upon  unimpeachable  record,  though  not  a  word  of  it  is  hinted 
at  by  either  Mr.  Smiles  or  Mr.  Jeaffreson.  In  Nicholson's  Journal, 
vol.  xii.,  p.  1,  a  communication  will  be  found  from  Mr.  Davies  Gilbert, 
in  which  he  records  the  fact,  that  Trevithick  had  observed  the  striking 
improvement  of  the  draught  of  his  engine  by  turning  the  waste  steam 
into  a  steam  blast  in  the  chimney.  This  was  in  1805,  the  year  after 
Trevithick's  locomotive  won  the  wager  at  Merthyr  Tydvill.  Referring 
to  the  same  year,  as  it  would  appear,  Mr.  Nicholas  Woods  informs  us 
in  his  work  on  railroads : — 

"  The  engine  erected  by  Trevithick  had  one  cylinder  only,  and  a  fly- 
wheel, to  secure  rotary  motion  at  the  end  of  each  stroke. 

"  An  engine  of  this  kind  was  sent  to  the  north,  for  Mr.  Blackett,  of 
Wylam,  but  was,  for  some  cause  or  other,  never  used  upon  his  railroad, 
but  was  applied  to  blow  a  cupola  at  the  iron  foundry  at  Newcastle"- — a 
most  singular  circumstance  certainly  in  connection  with  the  remainder 
of  these  events. 

If  this  be  a  fact,  there  can  be  but  little  doubt  that  this  engine,  which 
was,  "  for  some  cause  or  other,"  never  suffered  to  get  on  Wylam  rails — 
but  was  brought  to  Newcastle  to  the  iron  foundry — had  the  steam  blast. 
Mr.  Jeaffreson,  however,  endeavours,  as  we  think,  with  very  little 
evidence  or  force,  to  show  that  Mr.  Woods  was  mistaken,  and  that  this 
particular  engine  was  made  by  Steel  (Trevithick's  apprentice)  at  Gates- 
head. Even  if  this  be  60,  there  is  no  proof  that  it  had  not  the  steam 
blast — but  on  the  contrary,  every  presumption  on  the  antecedents  of 
Steel,  the  maker,  that  it  had ;  for  even  Mr.  Jeaffreson  feels  obliged  to 
admit  that  "  the  engine  was,  in  all  essential  points,  undoubtedly  a  repro- 
duction of  the  one  already  made  by  Trevithick."  Can  there  be  a  doubt, 
then,  that  neither  of  the  Stephensons  invented  the  steam  blast,  and  that 
the  first  inventor,  to  whom  we  and  they  were  really  indebted  for  it,  was 
Trevithick,  "the  rude,  gaunt,  half-starved  Cornish  giant?" 

It  is  unnecessary  to  sweep  away  the  cobwebs  which  Mr.  Jeaffreson 
has  further  permitted  to  gather  round  this  question — such  as  its  having 
been  accidentally  discovered  by  two  stokers,  John  and  Henry  Bell,  of 
Blaydon,  &c. ;  or,  "  another  tradition  credited  by  the  present  represen- 
tative of  the  Stephenson  family,  that  James  Stephenson  hit  on  the 
secret,  also  by  accident,"  &c,  &c. 

It  is  important  to  notice,  however,  that  while  Trevithick,  as  early  as 
1804  (perhaps  even  earlier),  was  not  only  acquainted  with  the  fact  of 
the  blast  producible  by  the  waste  steam,  but  had  recognized  its  use  and 
importance — that  is  to  say,  had  fulfilled  every  condition  that  entitles  any 
man  to  a  claim  as  first  inventor — the  two  Stephensons,  as  late  as 
April,  1828  (see  letter,  Jeaffreson,  p.  120,  vol.  i.),  were  still  pondering 
over  Schemes  for  an  air  fan  draught,  and  therefore  must,  at  that  very 
late  period,  have  been  still  much  in  the  dark  as  to  what  could  be 
effected  by  the  steam  blast.  It  was  not  until  the  December  of  1828 
that  the  scheme  of  a  boiler  with  an  air  fan  blast  and  a  coke  fire,  which 
seems  to  have  been  designed  chiefly  by  Robert  Stephenson,  was  tried 
at  Laird's  boiler  shops  in  Cheshire. 

At  this  time,  the  best  and  most  that  the  engines  on  the  Stockton 
and  Darlington  line  could  do,  was  to  go  along  at  from  four  to  six  miles 
per  hour ;  and  an  engine  and  tender  of  fifteen  tons  could  draw  on  a 
level  nearly  forty-eight  tons  gross  load,  at  the  rate  of  five  miles  per 
hour.  We  may  safely  conclude  that  at  this  time  the  Stephensons 
themselves  had  achieved  nothing  more  or  better. 
{To  be  continued). 
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Naval    Armour.     (Dedicated  to   Lord  Palmerston.)      By  James 

Chalmers.     Mitchell :  London,  1865. 
Shoeburyness  and  the  Guns  ;    a  Philosophical  Discourse  by  P. 

Barry,  Author  of   "  Dockyard  Economy  and  Naval  Power,"  &c. 

8vo.     Sampson  Low  &  Son.     London,  1865. 

The  first  of  these  is  a  pamphlet  in  which  Mr.  Chalmers  re-states,  in  a 
clear  and  temperate  way,  his  grievances  in  relation  to  his  target,  and 
the  treatment  he  and  it  have  received  at  the  hands  of  the  authorities. 
We  have  already  in  a  past  volume  of  this  journal  expressed  our  favour- 
able opinion  of  this  target,  and  also  our  views  as  to  the  question  at 
issue  between  him  and  the  Admiralty,  and  hence  need  not  here  recur  to 
the  subject. 

In  a  former  volume  we  spoke  favourably  of  Mr.  Barry's  "  Dockyards, 
&c,  of  France  ; "  we  can  scarcely  do  so  to  the  same  unqualified  extent 
with  respect  to  his  work  now  before  us.  He  says  in  his  preface,  that  he 
calls  his  book  a  "Philosophical  Discourse"  advisedly :  for  " a  philosophical 
discourse  is  a  true  discourse,  representing  fact  as  it  is,  and  not  as  it 
appears  to  be,  nor  as  it  may  be  conceived  to  be ;  it  takes  truth  as  it 
finds  it,  and  presents  to  the  understanding  the  material  for  a  sound, 
a  common-sense,  and  an  exhaustive  judgment.  The  man  who  reads 
this  book  will  know  as  much  of  guns,  that  is,  of  the  use  of  them, 
as  Sir  William  Armstrong,  Mr.  Whitworth,  the  Director-general  of 
Ordnance,  or  Lord  de  Grey."  In  the  limited  sense  here  put  upon  the 
word  "  philosophical,"  and  without  in  any  wise  endorsing  that  Mr. 
Barry's  book  is  all,  and  nothing  else  but  its  correlative  "truth,"  we 
are  willing  to  admit  the  applicability  of  the  title.  We  cannot,  how- 
ever, go  much  further  in  admission. 

The  aim  and  animus  of  the  work  is  much  like  that  of  the  "  Dock- 
yards," &c,  to  show  up  official  incapacity,  to  sustain  the  somewhat 
exaggerated,  and  hard,  and  certainly  vain-gloriously  worded,  accusing 
answers  to  his  own  question : — 

"  Who  are  the  administrators  of  the  power"  (the  naval  and  military 
power,  we  presume,  the  author  specially  refers  to)  of  free  and  happy 
England  ?  I  answer  without  fear  of  contradiction,  and  from  the  infor- 
mation of  a  well-stored  mind,  they  are  the  unfittest,  and  in  the  main  the 
nnworthiest  men  in  England" — and  at  a  tangent  Mr.  Barry  goes  off  into 
a  homily  upon  the  "immorality  of  the  officers  of  the  army,"  the 
philosophical  connection  of  which  with  "  Shoeburyness  and  the  Guns" 
"^e  fail  distinctly  to  discern. 

Mr.  Barry's  aim  may  be  good,  though  open  to  suspicion,  when  intro- 
duced in  this  style,  of  either  personal  pique  or  personal  aggrandizement ; 
and  that  it  has  a  legitimate,  or  at  least  some  ground  in  fact,  we  at  once 
admit  here,  and  we  before  did  in  relation  to  his  "  Dockyards." 

We  feel  satisfied,  and  we  know  that  there  are  clearheaded  and  true- 
hearted  men  enough  in  even  the  naval,  military,  and  civil  services, 
and  administrative  departments  of  Government  itself,  who  silently  and 
without  hope  of  improvement  entertain  the  conviction,  that  before  very 
long  we  shall  suffer  some  disheartening,  perhaps  irrecoverable  national 
humiliation,  when  our  "  system"  and  those  who  manage  it  come  to  be 
pitted  against  the  vigour  and  energy,  the  personal  responsibility  and 
brain,  of  America,  of  France,  of  Russia,  or  even  of  less  powerful  foes ; 
but  it  is  not  by  wildly  exaggerated  phrases  such  as  those  above,  nor,  be 
it  remarked,  by  honied  ones  such  as  those  of  most  of  the  newspapers, 
who  beg  us  to  hide  our  heads  in  the  sand,  while  they  sell  their  journals, 
and  believe  in  no  Cassandras,  that  any  chance  of  improvement  can  be 
secured. 

The  method  by  which  throughout  his  book  Mr.  Barry  supports  his 
thesis  or  aim,  is  by  a  constantly  sustained,  sometimes  witty,  occasionally 
tme  and  cogent,  but  nearly  always  inflated  and  exaggerated,  fusillade 
of  fault-finding  with  all  and  sundry — committees  and  managers,  officials 
and  officers,  of  and  concerned  in,  all  about  the  War  departments  and 
Admiralty,  as  developed  in  the  directions  of  artillery  and  targets,  the 
scene  being  laid  at  Shoeburyness,  or  Woolwich,  occasionally  at  London, 
or  in  the  dining-room  of  the  hotel  at  Southend.  As  a  clever  and  amusing 
example  of  the  style  of  writing  of  the  "  man  on  the  Press,"  the  book 
is  worth  looking  through  by  the  casual  reader ;  it  is  one  from  which  the 
sober  and  reflective  man,  with  competent  preparative  knowledge  of  the 
subjects  treated,  may  gather  some  hints  of  value,  and  one  with  all  its 
faults,  in  which  "Red  Tape"  ought  to  see  itself  reflected  (although  in  a 
magnifying  mirror),  and  read  some  wholesome  lessons.  But  as  regards 
guns  or  targets,  or  what  they  are  or  ought  to  be,  or  how  they  fail  or 
should  be  made,  or  what  they  can  do,  or  cannot  do,  to  targets  or  any- 


thing else — the  work  adds  not  one  tittle  to  our  previous  information,  nor 
is  it  likely  it  should.  Mr.  Barry,  clever  and  sprightly  as  he  certainly  is, 
though  occasionally  to  our  view  not  in  the  best  of  taste,  seems  to  be 
as  a  writer,  blissfully  ignorant  of  the  fact,  that  other  qualities  and 
acquirements,  and  of  far  weightier  metal,  and  rarer  acquisitions, 
physical,  mathematical,  and  generally  exact,  are  required  in  one  who 
is  to  indite  a  discourse  on  guns  that  shall  be  really  worthy  of  the 
adjectivB  "philosophical." — Ed. 


A  Treatise  on  the  Sanitary  Management  and  Utilization 
of  Sewage,  &c.  By  William  Menzies,  Deputy-surveyor  of 
Windsor  Forest  and  Parks.     4to.      Longman  &  Co.     1865. 

Mr.  Menzies  has  been  engaged  with  the  practical  execution  of  works 
of  sewerage,  chiefly  in  relation  to  Crown  or  public  buildings,  for  several 
years ;  and  states  himself  to  have  been  the  first  personal  recipient  of 
the  notions  of  the  late  Prince  Consort,  as  to  the  upward  filtration  through 
beds  of  clay  and  deodorization  of  sewage. 

Although  a  large  portion  of  the  work  is  dedicated  to  the  description 
of  the  author's  plans,  executed  or  proposed,  for  enabling  the  sewage  of 
private  houses,  or  smaller  aggregations  of  such — or  of  public  edifices, 
such  as  the  Broadmoor  Criminal  Lunatic  Asylum— to  be  made  available 
for  agriculture,  with  profit  and,  at  the  same  time,  consistently  with 
health  ;  the  writer  has  in  addition  several  pages  of  useful  matter  upon 
the  far  larger,  and  perhaps  more  important  subject,  of  the  utilization 
of  the  sewage  of  London. 

The  latter  branch  of  the  subject  is  now  occupying  a  prominent  place 
in  public  attention,  and  Mr.  Menzies'  conclusions,  as  those  of  a  man 
who  has  obviously  long  and  fully  considered  his,  specially  deserve 
attentive  perusal. 

It  must  not  be  supposed  that  within  the  compass  of  his  thin  volume 
he  could  have  treated  exhaustively  this  gigantic  question,  upon  which 
some  thousands  of  folios  of  Blue  Books  have  been  already  expended, 
without  reaching  an  end  of  it.  In  one  or  two  of  Mr.  Menzies' 
conclusions  we  are  ourselves  disposed  fully  to  concur. 

Whether  there  be  (as  measured  by  the  price  of  guano)  manure  to 
the  value  of  from  one  penny  to  twopence  in  a  ton  of  dry-weather 
London  sewage,  or  more  or  less ;  it  is  plain  that  diluted  and  mixed  up 
with  36  cubic  feet  of  water,. it  may  be  worth  nothing  at  all,  and  must  be 
so,  unless  means  can  be  devised  for  transferring  it,  in  this  prodigiously 
diluted  state,  to  the  land  at  a  total  cost  much  below  this  penny  or 
twopence  per  ton.  It  is  also  certain,  that  the  transfer  must  be  made 
in  such  manner  as  shall  be  inoffensive  to  the  animal  life  of  all  sorts  in 
our  thickly  inhabited  country ;  that  the  distribution  upon  the  soil  must 
be  subject  to  the  like  condition  ;  and  that  it  shall  be  also  made  upon 
such  sort  of  soil,  and  under  such  circumstances,  as  shall  make  the 
sewage  valuable  to  vegetable  life  in  crops.  We  certainly  have  as  yet 
seen  no  plan  produced  that  fulfils  all  these  conditions  as  respects  London 
sewage,  even  in  fair-weather  times,  much  less  in  periods  of  rain-fall. 

Mr.  Menzies  seems  prepared  to  advocate,  as  indispensable  to  effectu- 
ating the  useful  application  of  sewage,  the  resort  to  what  is  undoubt- 
edly objectionable  as  a  complex  and  expensive  system :  that  of  a  complete 
underground  reticulation  of  double  sewers — one  for  the  house  drainage, 
or  sewage  proper,  and  the  other  for  the  surface  and  rain  waters. 

There  are  no  doubt  serious  financial  and  other  difficulties  in  any 
attempt  to  carry  this  out ;  but  we  have  already  some  premonitions 
that  to  this  we  shall  come  at  last  with  respect  to  London,  and  if  so, 
d  fortiori  with  respect  to  some  of  our  other  great  towns,  in  districts  of 
far  greater  rain-fall.  It  will  be  fortunate  if  in  the  end  our  gigantic 
outfall  sewers  be  found  capable  of  being  inosculated  with  such  a  duplex 
system,  and  that  they  may  in  future  years  be  available  for  carrying  off 
the  rain  and  surface  waters  into  the  Thames,  while  new  and  smaller 
main  sewers  shall  deliver  the  sewage  in  a  state  of  average  and  nearly 
uniform  concentration,  to  be  pumped  away  and  irrigated  over  suitable 
lands  at  a  distance  from  towns  and  villages. 

We  say  "  irrigated,"  because  fully  agreeing  with  the  author  that  the 
system  proposed  for  distribution  by  the  hose  and  jet  can  never  be  made 
available  upon  a  great  scale ;  and  that  even  if  it  would  work  in  an 
engineering  sense,  the  squirting  liquid  manure  over  the  leaves  of  plants, 
which  are  their  lungs,  and  some  of  which  are  to  be  the  future  food  of 
animals,  can  never  be  the  right  thing.  The  subject,  however,  is  too 
vast  for  us  to  treat  in  a  review  of  the  length  we  can  afford  to  this 
work. — Ed. 
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<5T  We  do  not  hold  ourselves  responsible  for  the  views  or  statements  of  our 
Correspondents. 


REVIEW   OF  "THE   LIFE   OF   ROBERT   STEPHENSON.'- 
(To  the  Editor  of  the  Practical  Mechanic's  Journal.} 

Sir, — I  have  read  the  long  letter  addressed  to  yon  by  Mr.  Jeaffreson,  the  author 
of  the  above  work,  in  which  he  complains  of  an  alleged  misstatement  made  in 
one  paragraph  of  the  first  portion  of  the  review  of  that  work  which  appears  in  the 
Practical  Mechanic's  Journal  for  1st  April,  page  327,  as  follows: — 

"  '  George  Stephenson,  therefore*  says  Mr.  Jeaffreson,  '  built  the  first  locomotive 
eneine  that  propelled  itself  by  the  adhesion  of  its  wheels  on  edge  rails,  the  first 
trial  taking  place  25th  July,  1814,  with  marked  success.  When  the  training  and 
antecedents  of  the  young  workman  (then  only  thirty-three  years  of  age)  are  taken 
into  consideration,  the  achievement  seems  almost  incredible.' 

"  Were  it  not  thai  the  peculiar  frame  and  putting  together  of  the  whole  passage 
in  the  original  work  are  intended  to  give  a  foundation  for  the  subsequent  baseless 
claim  set  up  for  George  Stephenson,  and  to  this  dag  often  adhered  to  by  those  who 
are  of  the  sect  of  Stephenson  worshippers — that  he  was  the  inventor  of  the  locomo- 
tive— it  would  be  scarcely  worth  while  pointing  out  that  in  all  this  Stephenson 
had  invented  nothing.  He  had  done  no  more  than  intelligently  to  take  advantage 
of  what  Trevi thick  and  Hedley  had  done  before  him,  and  by  the  hands  of  the 
mechanics  who  as  workmen  were  under  his  command,  to  realize  their  knowledge." 

The  passage  objected  to  is  printed  in  italics. 

The  objection  is,  that  I  have  here  charged  Mr.  Jeaffreson  with  intentionally 
giving  a  foundation  for  a"  baseless  claim,  assumed  to  be  subsequently  somewhere 
stated  in  so  many  words  by  him,  that  George  Stephenson  invented  the  locomotive. 

He  says  what  is  quite  true,  that  there  is  not  a  single  passage  in  his  book  in  which 
he  asserts  that  George  Stephenson  invented  the  locomotive,  but,  on  the  contrary, 
he  has  in  words  endeavoured  to  dispel  that  delusion. 

There  is  one  word,  and  one  only,  in  the  sentence  objected  to  which  I  regret 
should  have  inadvertently  been  employed,  and  desire  to  alter.  The  sentence  should 
read  thus: — 

"  Were  it  not  that  the  peculiar  frame  and  putting  together  of  the  whole  passage 
in  the  original  work  are  calculated  (i.  e.  likely)  to  give  a  foundation,"  &c. 

The  remainder  of  the  sentence,  if  Mr.  Jeaffreson  will  duly  consider  its  con- 
struction, can  then  afford  no  ground  for  his  objection. 

"For  the  subsequent  (i.e.  subsequent  to  July,  1814)baseless  claim  setup  for  George 
Stephenson,  and  to  this  day  often  adhered  to  (by  whom  ?)  by  those  who  are  of  the 
sect  of  Stephenson  worshippers,  that  he  was  the  inventor  of  the  locomotive,"  &c. 

I  have  nowhere  intended  to  convey  that  Mr.  Jeaffreson  makes  in  words  such  a 
claim  for  Stephenson,  the  baselessness  of  which  he  docs,  in  fact,  in  other  passages 
affirm. 

The  following  Is  Mr.  Jeaffreson's  letter  which  you  have  sent  me: — 

"  5  Heathcote  Street,  Mecklenburgh  Square,  W.C. 

"  Sir, — Your  reviewer  of  my  '  Life  of  Robert  Stephenson '  has  made  a  state- 
ment so  completely  at  variance  with  fact,  that  I  beg  you  to  let  me  say  a  few  words 
in  reply. 

"  My  work  attempts  to  explode  the  popular  misconception  that  George  Stephen- 
son invented  the  locomotive.  I  show  that  his  Killingworth  engines  were  copies  of 
the  Wylam  engines,  constructed  by  Mr.  Hedley,  who  availed  himself  of  Trevithick's 
invention.  I  show  that  George  Stephenson  was  indebted  to  the  Messrs.  James  for 
the  proposal  to  introduce  tubes  into  locomotive  boilers.  I  show  that  the  multi- 
tubular boiler  of  the  Rocket  was  constructed  on  a  plan  furnished  by  Mr.  Booth 
of  Liverpool.  I  show  that  Mr.  Smiles's  account  of  'the  blast'  is  erroneous,  and 
that  so  late  as  1829  George  Stephenson  was  not  '  aware  of  the  full  value  of  the 
blast  as  a  natural  bellows;'  and  I  make  it  clear  that,  until  the  Rocket  was  in 
course  of  construction,  he  put  little,  if  any,  reliance  on  the  waste  steam  as  a  means 
for  procuring  an  efficient  draught.  In  short,  I  show  that  George  Stephenson  con- 
tributed nothing  to  the  invention  of  the  locomotive;  and  with  regard  to  the 
travelling  engine,  I  only  claim  credit  for  Robert  Stephenson  as  an  engineer,  who 
exerted  himself  to  raise  the  comparatively  rude  machine  to  a  very  high  degree  of 
efficiency.  All  through  my  book  I  combat,  the  misapprehension  that  George 
Stephenson  invented  it,  or  any  part  of  it;  and  I  merely  speak  of  Robert  as  one 
who  greatly  improved  it.  Having  in  my  earlier  chapters  stript  the  elder  Stephenson 
of  all  pretension  to  the  merit  of  the  invention,  I  speak  in  a  later  chapter  (vol,  i. 
258)  of  '  the  prevalence  of  the  popular  error  which  attributes  to  George  Stephenson 
the  invention  of  the  locomotive.'  On  this  matter  I  speak  with  a  decision  that  has 
given  much  dissatisfaction  to  certain  idolaters  of  the  elder  Stephenson." 

"With  profound  astonishment  I  read,  therefore,  the  following  passage  in  your 
magazine. 

"'George  Stephenson,  therefore,''  says  Mr.  Jeaffreson,  'built  the  first  locomotive 
engine  that  propelled  itself  by  the  adhesion  of  its  wheels  on  edge  rails,  the  first 
trial  taking  place  25th  July,  1814,  with  marked  success.  When  the  training  and 
antecedents  of  the  young  workman  (then  only  thirty-three  years  of  age),  are  taken 
into  consideration,  the  achievement  seems  almost  incredible.' 

" '  Were  it  not  that  the  peculiar  frame  and  putting  together  of  the  whole  passage 
in  the  original  work  are  intended  to  give  a  foundation  for  the  subsequent  baseless 
claim  set  up  for  George  Stephenson,  and  to  this  day  often  adhered  to  by  those  who 
are  of  the  sect  of  Stephenson  worshippers — that  he  was  the  inventor  of  the  locomo- 
tive— it  would  be  scarcely  worth  while  pointing  out  that  in  all  this  Stephenson  had 
invented  nothing.  He  had  done  no  more  than  intelligently  to  take  advantage 
of  what  Trevitbick  and  Hedley  had  done  before,  and  by  the  hands  of  mechanics, 
who  as  workmen  were  under  his  command,  to  realize  their  knowledge.1" 


"  The  words  quoted  by  your  reviewer,  occur  in  a  part  of  my  book  where 
(vol.  i.  31,  32)  I  speak  thus: — 

"  '  Watchful  of  all  that  was  going  on  in  the  neighbourhood  relative  to  the  steam- 
engine,  he  (George  Stephenson)  knew  the  result  of  the  memorable  experiments  on 
the  Wylam  line,  as  soon  as  they  were  accomplished.  On  that  line  it  was  first 
proved  by  Mr.  Hedley,  the  viewer  of  Mr.  Blackett's  colliery,  that  the  cohesion  of 
smooth  wheels  on  smooth  rails  would  afford  sufficient  resistance  to  enable  an  engine 
to  drag  a  train  of  loaded  carriages,  and  it  was  on  that  same  line,  between  Wylam 
and  Levington,  that  engines  with  smooth  wheels,  running  on  smooth  rails,  first 
took  the  place  of  horses  and  oxen  for  purposes  of  traffic.  The  alacrity  with  which 
George  Stephenson,  the  self-taught  engineer,  comprehended  the  importance  of  the 
Wylam  discoveries,  and  put  them  in  practice  on  the  Killingworth  line,  in  locomotives 
of  his  own  construction,  which  were  fully  equal  in  efficiency  to  those  on  the  Wylam 
way,  attracted  general  attention  to  his  proceedings.  It  was  seen  that  he  was  a 
man  who,  with  favourable  opportunities,  would  become  a  distinguished  engineer. 
The  Wylam  way  was  laid  with  plate  rails,  whilst  the  Killingworth  line  had  edge 
rails.  George  Stephenson,  therefore,  built 'the  first  locomotive  engine  that  pro- 
pelled itself  by  the  adhesion  of  its  wheels  on  edge  rails.'  The  first  trial  of  the  engine 
took  place  on  July  25th,  1814,  with  marked  success.  When  the  training  and 
antecedents  of  the  young  workman  (then  only  thirty-three  years  of  age),  are  taken 
into  consideration  the  achievement  seems  almost  incredible."' 

"A  self-taught  workman  who  had  never  served  a  regular  apprenticeship  to  any 
mechanical  craft,  George  Stephenson  '  comprehended  the  importance  of  the  Wylam 
discoveries,  and  put  them  in  practice  upon  the  Killingworth  line,  in  locomotives  of 
his  own  construction.'  The  workman  who  did  this  seems  to  me  to  have  so  far 
surpassed  all  that  we  expect  from  men  of  his  education  and  circumstances,  that 
his  achievement  may  well  be  mentioned  with  surprise.  The  popular  story  of 
George  Stephenson's  achievements  is  incredible;  the  bare  statement  of  that  which 
he  actually  accomplished  would  'seem  almost  incredible,'  if  it  were  not  supported 
by  conclusive  testimony.  I  deny  that  George  Stephenson  was  a  great,  inventor, 
and  I  laugh  at  the  absurd  romance  with  which  imaginative  biography  has  covered 
his  career:  but  still  I  am  of  opinion  that  he  was  a  notable  man.  I  penned  the 
true  words  'George  Stephenson,  therefore,  built  the  first  locomotive  engine  that 
propelled  itself  by  the  adhesion  of  its  wheels  on  edge  rails,'  in  the  hope  that  they 
would  supplant  the  erroneous  and  popular  words  'George  Stephenson  built  the  first 
locomotive  that  propelled  itself  by  the  adhesion  of  smooth  wheels  on  smooth  rails."' 

"  But  let  me  pin  your  reviewer  to  his  work.  He  says,  'the  peculiar  frame  and 
putting  together  of  the  whole  passage  in  the  original  work  are  intended  to  give  a 
foundation  for  the  subsequent  baseless  claim  set  up  for  George  Stephenson,  and  to 
tins  day  often  adhered  to,  by  those  who  are  of  the  sect  of  Stephenson  worshippers — 
that  he  was  the  inventor  of  the  locomotive.'  Now,  Sir,  I  challenge  your  reviewer 
to  point  to  a  single  passage  in  my  book,  where  I  make  any  such  'baseless  claim.' 
As  I  write  this  on  March  3rd,  your  reviewer  will  have  plenty  of  time,  before  the 
publication  of  your  next  number,  to  peruse  the  book  on  which  he  has  delivered  a 
hasty  judgment.  Let  him  read  and  re-read  my  '  Life  of  Robert  Stephenson," 
searching  for  any  paragraph  from  my  pen  that  sustains  his  assertion.  If  he  can 
find  such  a  paragraph,  let  him  publish  it  in  your  columns— to  my  confusion.  If 
he  cannot  find  a  coroborative  sentence,  he  will  surely  admit  his  error — in  justice  to 
your  readers,  and  to  an  author  who  has  done  his  utmost  to  destroy  the  fictitious 
and  preserve  the  real  story  of  George  Stephenson's  Life,  and  who  with  regard  to 
the  younger  Stephenson  has  endeavoured  to  tell  the  truth. 

"I  remain,  Sir, 

"  Yours  most  respectfully, 

"John  Cordy  Jeaffreson." 

Now,  granting  all  this  to  be  so,  is  it  accordant  in  spirit  with  the  comment  on  tho 
elder  Stephenson's  first  locomotive  ? 

"When  the  training  and  antecedents  of  the  young  workman  (then  only  thirty- 
three  years  of  age)  are  taken  into  consideration,  the  achievement  seems  almost 
incredible." 

There  can  be  no  "  almost  incredible  achievement"  in  any  man's  doing  in  whole, 
what  several  others  have  done  in  parts  before  him,  and  with  his  knowledge. 

It  therefore  still  seems  to  me  that  to  have  "  comprehended  the  importance  of 
the  Wylam  discoveries  and  put  them  in  practice  upon  the  Killingworth  line"  cannot 
be  what  such  a  phrase  properly  applies  to,  and  that  therefore  the  passage  is 
calculated  to  support  the  notion  that  George  Stephenson  did  effect  some  "  almost 
incredible  achievement"  in  relation  to  this  first  locomotive,  the  nature  of  which  is 
not  specified,  and  from  which  scarcely  any  other  inference  could  be  drawn  than 
one  in  accordance  with  the  popular  notion  that  he  invented  it. 


I  am,  Sir,  &c,  &c, 


The  Reviewer. 


[Note. — We  have  given  space  to  the  whole  of  Mr.  Jeaffreson's  long  letter, 
although  much  of  its  quotations  are  unnecessary.  The  reviewer's  explanation  ought 
we  think  to  satisfy  the  author. 

While  we  must  not  be  held  responsible  for  every  word  and  opinion  expressed  by 
our  reviewers,  it  is,  for  obvious  reasons,  unusual  to  permit  discussion  of  a  review 
which  has  appeared  in  the  pages  of  this  or  of  any  other  journal,  and  having  done 
so  hi  this  instance  must  make  no  precedent  in  future. — Ed.] 


IMPROVEMENTS   IN   STENCILLING   APPARATUS. 

(To  the  Editor  of  the  Practical  Mechanic's  Journal.') 

Sir, — In  your  Journal  of  last  month  you  give  particulars  of  Mr.  Joseph  Sykes' 
(Muscatine,  Iowa,  U.S.)  patent  for  improvements  in  stencilling  apparatus.  J  beg 
to  inform  you  that  I  made  such  an  apparatus,  only  more  simple  and  cheaper,  ten 
years  ago,  and  it  is  in  use  since.  The  one  I  made  is  of  tin-plate,  both  framing 
and  stencil  plates.     To  the  under  part -of  the  frame  sides  are  soldered  a  slip  of  tin- 
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plate,  leaving  one-quarter  of  an  inch  unsoldered,  so  as  to  form  a  groove  into  which 
the  stencil-plates  are  slided.  The  two  frame  sides  are  fastened  together  at  each 
end  with  a  piece  of  tube  rivetted  and  soldered ;  these  answer  for  handles  also. 

Perhaps  it  mar  be  useful  to  your  readers  to  know  of  a  stamping  plate  to  super- 
sede the  stencil.  I  made,  about  the  same  time  as  the  above,  apparatus — out  of  blocks 
of  timber  2£  inches  square,  i  inch  thick — on  which  were  nailed  (they  may  be  glued 
on)  letters  of  woollen  cloth. 

These  blocks  are  secured  (set  up)  to  each  other,  to  form  words,  by  means  of 
dowels,  and  all  put  into  a  framing  and  screwed  up  to  form  a  solid  block.  The 
cloth  letters  were  saturated  with  marking  ink,  laid  on  a  wooden  or  metal  table, 
so  that  a  number  of  impressions  could  be  made  without  resaturation.  For  marking 
goods  not  liable  to  cause  the  ink  to  run,  this  apparatus  is  useful  and  expeditious; 
but  for  metals,  as  copper  and  brass  sheets,  for  marking  which  it  was  prepared,  it 
does  not  always  leave  the  impression  with  sharp  clear  edges. 

Your  obedient  servant, 

THOS.  HUGHES. 
GREExrrELD  Copper  Mills,  Holywell,  Gth  April,  1865. 


CALCULATING  THE  HORSE-POWER  OF  THE  STEAM  ENGINE. 

(To  the  Editor  of  the  Practical  Mechanics  Journal) 

Sir, — I  beg  to  transmit  you  the  accompanying  remarks  from  a  paper  recently 
read  by  me  to  the  Liverpool  Polytechnic  Society,  and  shall  be  glad  if  you  will  insert 
them  in  your  pages: — 

w  That  two  equal  forces  acting  on  an  object  at  the  same  point  and  in  opposite 
directions  would  neutralize  each  other,  is  an  incontrovertible  axiom  in  mechanics. 
No  motion  conld  be  produced  by  the  joint  action  of  such  forces,  but  stable  equili- 
brium would  be  their  result.  With  such  conditions  the  effect  would  thus  be  of  a 
statical,  but  not  of  a  dynamical  character.  Wbo  in  his  reason  would  expect  that 
a  weight  of  one  pound,  suspended  by  a  cord  over  a  pulley,  could  raise  another 
weight  of  a  pound  attached  to  the  same  cord  on  the  other  side  of  the  pulley  ?  The 
upward  force  exerted  upon  such  weight  by  the  other  would  be  exactly  counter- 
balanced by  the  equal  downward  force  of  its  own  gravity,  and  therefore  such 
weight  would  remain  in  stable  rest.  If  one  of  two  weights  so  raised  the  other,  the 
necessary  inference  would  be,  either  that  the  weight  which  descended  was  heavier  than 
that  which  ascended,  or  that  a  downward  impulse  had  been  given  to  the  former  in 
addition  to  its  own  weight.  In  this  latter  case,  the  aggregate  force  acting  on  the 
descending  weight  would  be  greater  than  the  force  acting  on  the  ascending  weight, 
as  that  aggregate  force  would  consist  of  the  impulse  imparted  to  the  weight, 
together  with  the  force  of  its  gravity ;  whereas  the  force  acting  on  the  other  would 
be  merely  that  of  its  gravity. 

11  If,  again,  the  moments  of  two  forces  tending  to  move  a  body  in  opposite  direc- 
tions round  a  centre  be  equal,  stable  equilibrium  is  the  result.  No  motion  can 
ensue  from  such  condition.  The  wheel  and  axle  affords  an  illustration  of  this. 
When,  in  that  machine,  the  product  of  the  power  into  its  distance  from  the  centre 
of  motion  is  equal  to  the  product  of  the  weight  into  its  distance  from  that  centre. 
no  motion  ensues,  but  a  state  of  rest  obtains.  If,  however,  the  weight  be  raised 
by  the  power,  the  product  of  the  power  into  its  distance  from  the  centre  must 
exceed  the  product  of  the  weight  into  its  distance  from  it.  These  positions  will 
not  be  disputed  by  any  one  conversant  with  the  principles  of  mechanics. 

u  It  is  also  no  less  obvious  that,  if  the  piston  of  a  steam  engine  were  so  loaded 
that  the  downward  force  or  pressure  of  gravity  upon  it  was  precisely  equal  to  the 
upward  force  or  pressure  upon  it  of  the  steam — as  the  two  forces  thus  acting  in 
opposite  directions  on  it  would  be  of  equal  intensity — the  piston  would  remain 
stationary,  or  in  a  state  of  rest-  Thus,  if  the  piston  were  so  loaded  that  it 
weighed  1000  pounds,  and  if  the  pressure  of  the  steam  upon  it  amounted  also  to 
precisely  1000  pounds,  the  piston  would  remain  motionless,  as  the  two  contending 
forces,  that  of  the  steam  and  that  of  the  gravity  of  the  piston  and  its  load,  would 
be  equaL  In  order  that  a  piston  so  loaded  should  be  set  in  motion  by  the 
steam,  it  would  be  necessary  that  the  steam  should  exert  upon  it  a  greater  force 
than  1000  pounds. 

M  Great  confusion  of  thought  is,  however,  displayed  by  even  eminent  men  of 
science  in  calculating  the  practical  dynamical  result  from  the  action  of  stenm. 
They  have  confounded  a  statical  with  a  dynamical  result,  having  asserted  that 
motion  would  be  produced  by  steam  in  circumstances  in  which  the  force  of  the 
steam  was  opposed  by  an  equal  force  acting  in  the  contrary  direction.  In  such  a 
case  no  motion  could  ensue,  but  continuous  rest  would  be  realized.  They  have 
thus  asserted  that  motion — in  other  words,  a  dynamical  result — would  occur,  when 
rest  or  a  statical  result  was  the  only  possible  consequence.  An  instance  of  such 
confusion  of  thought  is  to  be  found  in  the  12th  and  13th  pages  of  Dr.  Lardner's 
*  Rudimentary  Treatise  on  the  Steam  Engine.'  He  there  makes  a  statement  to 
the  effect,  that  steam  of  15  pounds'  pressure  acting  in  a  tube  of  a  square  inch  in 
section  on  a  piston  fitting  steam-tight  into  it,  and  weighing  15  pounds,  would  raise 
that  piston;  and  that  an  inch  of  water  which  is  capable  of  becoming  1700  inches 
of  steam  of  15  ponnds' pressure  would,  if  converted  into  steam  of  that  pressure, 
raise  that  piston  1700  inches  high  in  the  tube,  if  the  tube  were  sufficiently  long  for 
that  purpose.  It  is  obvious,  however,  that  the  piston  could  not  move  at  all,  but 
would  remain  perfectly  stationary,  for  the  force  of  its  own  gravity  would  exactly 
counterbalance  the  force  of  the  steam.  There  is  as  good  reason  for  asserting  that 
the  piston  would  force  down  the  steam,  as  for  alleging  that  the  steam  would  force 
up  the  piston.  The  piston  could  not  be  forced  up  by  the  steam  unless  the  force  or 
pressure  exerted  by  the  latter  were  greater  than  15  pounds— just  as  the  steam  could 
not  be  forced  down  by  the  piston  unless  the  pressure  of  the  steam  were  less  than 
15  pounds.  Dr.  Lardner,  therefore,  laid  down  a  false  principle  with  respect  to  the 
effect  of  the  pressure  of  the  steam.  He  ascribed  to  it  a  dynamical  effect  under 
conditions  in  which  it  was  capable  of  producing  only  a  statical  effect.  As  it  requires 
a  greater  force  to  raise  a  weight  than  one  equal  to  the  force  of  gravity  belonging  to 
that  weight,  so  he  has  ascribed  to  steam  a  greater  dynamical  effect  than  it  is 
capable  of  accomplishing. 
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"This  error  is,  however,  unconsciously  adopted  as  a  scientific  truth  by  various 
authors,  and  is  generally  proceeded  upon  in  calculating  the  horse-power  of  the 
steam  engine.  The  ordinary  rule  for  calculating  that  power  is  to  this  effect: — 
Divide  the  product  of  the  number  of  pounds  of  pressure  from  the  steam  upon  the 
piston,  and  the  number  of  feet  which  the  piston  travels  in  a  minute  by  33,000. 
Thus  Davidson,  in  his  '  System  of  Practical  Mathematics,'  lays  down  this  rule  for 
making  that  calculation  : — '  The  continual  product  of  the  area  of  the  piston  in 
square  inches,  the  number  of  pounds  weight  of  pressure,  of  steam  on  every  square 
inch  of  the  piston,  and  the  number  of  feet  through  which  it  moves  in  one  minute^ 
will  show  the  number  of  pounds  which  the  engine  is  capable  of  raising  through  the 
height  of  one  foot  hi  a  minute ;  which  divide  by  33,000,  and  the  quotient  will  show 
how  many  horses'  power  the  engine  can  exert?  This  rule  proceeds  on  the  latent  or 
tacit  assumption  that  the  pressure  of  the  steam  upon  the  piston  could  set  the 
latter  in  motion  if  it  were  loaded  with  a  weight  exerting  a  pressure  upon  it  equal 
to  that  which  the  steam  produces  on  it.  Nay,  it  assumes  further,  that  the  piston 
would  move  with  its  usual  rapidity  under  the  action  of  the  steam,  although  it  was 
loaded  with  such  a  weight;  or  rather,  that  the  piston  is  actually  loaded  with  a 
weight  of  that  amount  while  it  is  in  motion.  Thus,  according  to  this  rule,  which, 
with  some  slight  allowances  for  friction,  &c,  is  essentially  the  ordinary  rule  for 
calculating  the  horse-power  of  the  steam  engine,  it  is  assumed  that  if,  for  instance, 
the  pressure  of  the  steam  upon  the  piston  were  10,000  pounds  and  the  speed  of  the 
latter  200  feet  per  minute,  a  weight  of  10,000  pounds  on  the  piston  could  be  raised 
by  the  steam  at  that  velocity.  That  pressure,  however,  from  the  steam  could  only 
balance  or  support  that  weight  on  the  piston.  The  former  could  not  raise  the  latter 
one  inch,  or  even  in  an  infinitesimal  degree.  In  order  to  raise  that  weight  of 
10,000  pounds  the  pressure  of  the  steam  upon  the  piston  would  require  to  exceed 
111,000  pounds,  and  the  greater  the  rapidity  with  which  the  weight  was  raised,  the 
greater  would  the  pressure  of  the  steam  require  to  be.  The  weight,  therefore,  which 
a  continued  pressure  of  10,000  pounds  could  raise  at  the  velocity  of  200  feet  per 
minute  must  be  considerably  less  than  10,000  pounds.  As,  then,  the  ordinary  rule 
for  calculating  the  horse-power  of  the  steam  engine  virtually  assumes  that  the 
pressure  upon  the  piston  from  the  steam  could  raise  a  weight  exerting  an  equal 
pressure  upon  the  piston,  it  follows  as  an  inevitable  consequence  that  that  rule 
overestimates  the  power  of  the  steam  engine,  or  that  the  power  of  the  steam  engine 
is  not  so  great  as  that  rule  represents  it  to  be. 

"That  these  remarks  describe  correctly  what  is  involved  as  a  latent  assumption 
in  the  ordinary  rule  for  calculating  the  horse-power  of  the  steam  engine,  admits  of 
corroboration  from  another  aspect  in  which  its  work  is  sometimes  represented.  It 
is  usually  asserted  that  an  engine  with  a  pressure  of  steam  of  10,000  pounds  on  the 
piston,  and  a  speed  of  stroke  of  200  feet  per  minute,  could  raise  on  the  shaft  2c'0  times 
10,000  pounds  one  foot  in  a  minute,  or  2, 000, "00  pounds  one  foot  in  a  minute. 
But  this  is  obviously  equivalent  to  the  work  of  raising  10,000  pounds  through  the 
shaft  200  feet  in  a  minute.  Thus,  according  to  that  view,  it  is  held  that  a  pressure 
of  10,000  pounds  on  the  piston  could  raise  a  weight  of  10,000  pounds  through  the 
shaft  at  a  speed  of  200  feet  per  minute — in  other  words,  a  pressure  of  10,000 
pounds  can  raise  a  weight  of  10,000  pounds  200  feet  in  a  minute  ! !  It  would  be 
every  whit  as  rational  to  assert  that  that  weight  of  10,000  pounds  could  force  down 
the  piston  against  the  steam  afc  the  speed  of  200  feet  per  minute.  If  all  the  power 
exerted  by  the  steam  upon  the  piston  were  transmitted  unimpaired  to  the  shaft,  it 
could  only  balance  ov  support  that  weight  at  the  position  relatively  to  the  centre  of 
the  shaft  at  which  it  is  supposed  it  could  raise  it  at  that  speed.  It  could  not  pro- 
duce the  dynamical  effect  of  raising  that  weight  through  the  minutest  space. 

"  The  weight,  then,  which  the  ordinary  rule  for  calculating  the  power  rf 
the  steam  engine  represents  it  as  capable  of  raising  at  a  given  velocity,  could 
not  be  raised}  but  could  only  be  balanced  by  the  power  of  the  steam  at  the 
position  relatively  to  the  centre  of  the  shaft  at  which  it  is  supposed  it  could  be 
raised  at  that  velocity.  Thus  the  steam  could  produce  on  that  weight,  at  that 
velocity,  only  a  statical  effect,  and  not,  as  has  been  generally  held,  a  dynamical  effect. 
In  the  rule  under  consideration  a  similar  error  is  committed  as  would  be  done  if  it 
were  held,  in  the  case  of  the  wheel  and  axle,  that  when  the  product  of  the  power 
into  its  distance  from  the  centre  is  equal  to  the  product  of  the  weight  into  its  dis- 
tance from  the  centre,  the  power  could  raise  the  weight.  With  these  conditions 
the  power  could  no  more  raise  the  weight  than  the  weight  could  raise  the  power. 
They  would  mutually  balance  each  other,  and  produce  stable  rest.  And,  just  as 
the  power  in  that  machine  could  raise  only  a  smaller  weight  than  that  referred  to, 
so  in  the  steam  engine,  the  resistance  which  the  steam  can  overcome  is  smaller  lhan 
is  usually  supposed.  Thus  the  ordinary  rule  for  calculating  the  horse-power  of  the 
steam  engine  gives  too  high  a  result.  A  more  correct  method  for  calculating  its 
power  would  he,  after  making  due  allowance  for  friction,  &c,  to  multiply  the  actual 
weight  which  the  pi'essure  of  the  steam  upon  the  piston  coidd  raise  at  the  speed  of 
stroke,  by  the  number  of  feet  which  the  piston  travels  in  a  minute,  and  to  divide 
the  product  by  33,000. 

"  It  may,  however,  be  objected,  that  the  work  of  the  steam  in  a  given  time  Is  the 
product  of  its  pressure  by  the  space  through  which  it  travels  in  that  time ;  that  is 
to  say,  the  work  of  the  steam  is  the  product  of  its  pressure  upon  the  pistou  by  the 
space  through  which  the  latter  travels  in  that  time.  But  this  representation  of 
what  its  work  is  does  not  specify  any  resistance  whatever  as  overcome,  or  any 
useful  effect  produced.  It  merely  states  that  the  steam  exerts  a  certain  pressure 
upon  the  piston,  and  that  the  piston  moves  with  a  certain  velocity.  But  neither 
that  pressure  on  the  piston  nor  that  velocity  of  the  piston,  nor  yet  both  of  these 
combined,  constitutes  the  work  got  out  of  the  engine.  They  are  only  intermediate 
conditions  or  means,  through  which  a  certain  amount  of  work  may  be  got  as  an 
ultimate  result  from  the  engine.  Work  is  resistance  overconte,  such  as  a  weight 
raised  through  a  certain  space  or  to  a  higher  altitude;  but  the  pressure  of  the 
steam  is  neither  resistance  overcome  nor  yet  a  weight  raised.  It  is  a  power  which 
might  overcome  a  certain  resistance  or  raise  a  certain  weight  through  a  certain  space; 
bu;  the  resistance  overcome  or  weight  raised — and  not  the  power  overcoming  or 
raising  that  resistance  or  weight — is  the  main  element  of  the  work  of  the  steam. 
The  pressure  of  the  steam  is  the  worker,  not  the  work,  just  as  the  weight  raised  by 
a  man's  strength  to  a  certain  height,  and  not  the  muscular  force  put  forth  by  him 
in  raising  it,  is  the  work  performed  by  him.    In  short,  the  work  of  the  steam  engine, 
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or  of  any  other  machine,  in  a  given  time,  is  the  weight  raised  or  resistance  over- 
come by  it  in  that  time,  multiplied  into  the  space  through  which  it  is  raised  or 
overcome.  That  is  the  ultimate  result  of  the  engine  in  that  time ;  but  it  is  obvi- 
ously absurd  to  assert  that  the  pressure  of  the  steam  could  raise  the  piston  at  a 
certain  velocity  if  the  piston  were  so  loaded  as,  by  its  own  gravity,  to  exert  an  equal 
pressure  to  that  of  the  steam  ;  for  the  two  equal  pressures,  acting  in  opposite  direc- 
tions on  the  piston  would  exactly  counteract  each  other,  and  therefore  the  piston 
would  be  precisely  as  if  there  were  no  pressure  at  all  upon  it.  But  how  could  it 
move  unless  some  force  or  pressnre  acted  on  it  ?  In  short,  these  two  conflicting 
propositions  would  seem  to  he  unconsciously  held  by  those  who  maintain  the  opinion 
under  discussion,  namely,  first,  that  the  piston  would  remain  in  a  state  of  motion- 
less equlibrium  if  the  pressures  exerted  upon  it  in  opposite  directions  by  the  steam, 
on  the  one  hand,  and  the  gravity  of  its  own  weight  on  the  other,  were  equal ;  and, 
secondly,  that  the  piston  would  move  at  a  certain  velocity,  if  it  were  acted  on  by 
those  two  equal  forces.  In  other  words,  those  who  advocate  that  view  are  charge- 
able with  virtually  maintaining  that  the  piston  would,  under  the  action  of  those  two 
equal  forces,  be  both  in  rest  and  in  motion  at  the  same  time." 

Yours  faithfully, 

JAMES  N.  MILLER. 
Edinburgh,  April,  1865. 


PROCEEDINGS   OF   SCIENTIFIC   SOCIETIES. 


THE  STEAM  BOILER  ASSURANCE  COMPANY. 

Mr.  Longkidge,  the  chief  engineer  to  this  Company,  has  recently  issued  his  report 
for  the  year  1864.  We  feel  sure  that  our  readers  cannot  hut  peruse  the  followint 
abstract  with  interest,  while  it  will  be  difficult  to  avoid  the  regret  that  in  Great 
Britain,  the  seat  of  all  mechanical  intellect,  such  barbarisms  should  be  perpetrated 
as  those  we  now  record: — ■ 

The  total  number  of  inspections  made  by  the  officers  of  the  Company,  in  the 
course  of  the  year,  was  23,8-19,  of  which  776  were  internal,  and  2321  thorough 
examinations.  Although  the  latter  considerably  exceed  those  of  any  former  year, 
they  yet  fall  short  of  what  is  desirable,  on  account  of  the  comparatively  few  oppor- 
tunities afforded;  the  owners  of  boilers  being,  in  general,  unwilling  to  allow  any 
stoppage  of  their  machinery  for  this  purpose.  The  opportunities  for  thorough 
examination  are,  therefore,  mostly  limited  to  annual  holidays,  and  the  occasional 
stoppage  of  works  from  accidental  causes.  In  order  to  impress  more  strongly  upon 
the  assured  the  importance  of  these  examinations,  circulars  have  been  issued 
drawing  attention  to  the  subject,  and  at  the  same  time  pointing  out  the  necessity  of 
having  the  flues  and  undersides  of  boilers  properly  cleaned,  without  which  a  satis- 
factory examination  is  impossible.  Frequently  when  an  inspector  has  been  sent  a 
long  distance  by  special  request,  he  has  found,  on  arrival,  that  no  preparation  had 
been  made,  so  that  both  his  time  and  the  expense  of  his  journey  have  been  thrown 
away.  I  have  before  called  attention  to  this  subject,  but  ita  importance  induces  me 
to  do  so  once  more. 

The  principal  defects  reported  were  as  follows,  viz.: — ■ 

Fracture  of  plates  and  angle  iron, 484 

Corrosion  of  ditto  861 

Safety  valves  out  of  order  or  overloaded,    507 

Pressure  gauges  out  of  order, 297 

Water  gauges         ditto 364 

The  attention  of  the  assured  has  been  directed  to  these  and  many  minor  defects, 
and  remedies  suggested  when  necessary.  Having  60  fully  explained  the  causes  of 
such  defects  in  previous  reports,  I  shall  confine  my  remarks  on  the  present  occasion 
to  such  facts  as  present  some  novelty,  or  which,  for  other  reasons,  seem  deserving 
of  more  particular  notice. 

Fractures. — The  dangerous  defects  under  this  head  which  frequently  occur  on 
the  undersides  of  boilers,  near  the  middle,  have  been  before  described ;  but  there  are 
one  or  two  points  in  reference  thereto,  on  which  it  may  be  well  to  say  a  few  words. 
I  have  explained  that  in  the  case  of  boilers  with  internal  furnaces,  such  fractures 
are  attributable  to  unequal  expansion,  and  may  generally  be  prevented  by  so  arrang- 
ing the  external  flues  that  the  products  of  combustion,  after  leaving  the  internal 
flues,  pass  first  along  the  underside  ot  the  boiler  towards  the  front,  and  thence 
return  by  the  sides  to  the  main  flue  and  chimney;  also,  that  the  insertion  of  verti- 
cal or  diagonal  water  tubes  in  the  internal  flues,  by  facilitating  circulation  of  the 
water,  is  conducive  to  the  same  end.  That  explosion  does  not  more  frequently 
take  place  when  such  fractures  occur,  is  evidently  owing  to  the  internal  flues  acting 
as  stays  or  tie  rods,  and  thus  relieving  the  plates  of  the  shell  of  a  portion  of  the 
longitudinal  strain.  With  plain  cylindrical  boilers,  however,  having  no  longitudinal 
stays,  the  risk  of  explosion  under  such  circumstances  is  much  greater,  and  it  not 
unfrequently  happens,  that  boilers  of  this  construction  explode^  at  the  ordinary 
working  pressure,  without  any  previous  symptom  of  defect.  In  many  instances, 
such  fractures  result  from  the  objectionable  practice  of  running  off  the  water  for 
cleaning,  before  the  adjacent  brickwork  has  had  time  to  cool.  The  consequent 
overheating  of  the  lower  plates  causes  elongation  of  the  boiler  on  the  underside, 
which  then  becomes  convex  in  the  longitudinal  direction.  On  the  cooling  of  the 
brickwork,  contraction  and  another  change  of  form  takes  place,  and  the  severe 
straining  to  which  the  plates  are  subjected  by  the  alternate  expansion  and  contrac- 
tion ultimately  produces  fracture.  When  such  boilers  are  suspended  by  bolts  and 
nuts  from  cross  beams  or  girders,  as  is  common  in  the  North  of  England,  it  has 
been  observed,  under  the  conditions  mentioned,  that  the  expansion  of  the  boiler  on 
the  underside  has  raised  the  ends,  lifting  the  nuts  by  which  they  had  previously 
been  suspended  from  i  inch  to     inch  above  the  girders. 

Moreover,  when  repairing  such  boilers,  too  little  attention  is  generally  paid  to  the 
accurate  fitting  of  the  plates  and  the  importance  of  retaining  the  cylindrical  form. 
Where  holes  do  not  correspond,  "drifting"  is  resorted  to,  and  on  completion  of  the 
repairs,  the  boiler  is  often  weaker  than  before,  the  plates  being  already  strained 


almost  to  the  limit  of  their  strength.     This  accounts  for  so  many  boilers  of  this 
construction  having  exploded  shortly  after  having  undergone  repairs. 

In  connection  with  this  part  of  my  subject,  I  may  here  relate  a  remarkable 
occurrence  which  recently  came  under  my  notice,  giving  further  evidence  of  the 
severe  strains  to  which  boilers  are  sometimes  subjected.  The  boiler  to  which  I  refer 
is  33  ft.  long  by  7  ft.  diam.,  with  two  furnace  flues  2  ft.  7  in.  diam.,  made  of  -fa 
inch  plates.  To  each  of  these  flues,  at  the  middle  of  their  length,  an  angle  iron  ring 
is  rivetted,  with  a  piece  of  plate  between,  tying  the  two  flues  together.  To  the 
upper  part  of  each  ring,  other  pieces  of  plate,  about  15  in.  broad  by  ^s  inch  thick, 
were  originally  attached,  and  secured  by  rivets  at  the  other  end,  to  the  shell  of  the 
boiler.  Having  frequently  had  evidence  of  the  evil  effects  resulting  from  this  mode 
of  connecting  flues  with  the  shell,  I  recommended  the  removal  of  the  plate  stays; 
but  instead  of  carrying  out  my  suggestion,  these  stays  were  merely  detached  from 
the  shell  by  taking  out  the  rivets  at  the  upper  end.  On  resuming  work  after  these 
alterations,  the  attendant  was  suddenly  alarmed  by  a  loud  report,  accompanied  by 
great  vibration  of  the  boiler,  evidently  the  result  of  a  severe  blow,  but  he  was  un- 
able to  discover  any  defect  in  the  boiler,  or  cause  of  the  report.  This  was,  however, 
repeated  at  irregular  intervals,  two  or  three  times,  on  that  and  subsequent  days,  and 
created  much  uneasiness  in  the  minds  of  the  owners,  who  therefore  wrote  me  on 
the  subject.  On  hearing  the  particulars,  and  learning  on  inquiry  that  the  stays 
still  remained  attached  to  the  flues,  I  again  advised  their  removal.  This  was 
accordingly  done,  and  there  has  since  been  no  repetition  of  the  occurrence.  On 
examination  it  was  observed,  that  although  between  the  shell  of  the  boiler  and  one 
of  the  stays,  there  was  a  space  of  not  less  than  £  inch,  and  §  inch  in  the  case  of 
the  other,  when  the  boiler  was  not  at  work,  yet  both  stay  ends  had  come  in  contact 
with  the  shell  in  the  course  of  working.  It  appears,  therefore,  that  when  exposed 
to  the  heat  of  the  fire,  the  flues,  by  expansion,  had  risen  in  the  middle,  bringing 
the  longer  stay  in  contact  with  the  curved  surface  of  the  shell:  as  the  expansion  of 
the  flues  continued,  a  severe  strain  would  thus  he  thrown  upon  the  stay,  and  at 
certain  times,  when  the  heat  was  at  the  maximum,  further  expansion  of  the  flues 
had  taken  place,  sufficient  to  overcome  the  friction  of  the  surfaces  in  contact,  and 
produce  lateral  motion  of  the  flues,  accompanied  by  vibration  of  the  whole  boiler, 
caused  by  the  striking  of  the  stays  against  the  shell. 

Another  instance  may  be  mentioned,  where  in  a  boiler  30  ft.  long,  the  flues  2  ft. 
9  in.  diam.,  made  of  /^  inch  plates,  were  found  to  rise  f  inch  in  the  middle,  the 
working  pressure  of  the  boiler  being  50  lbs.  per  square  inch. 

This  motion  of  the  flues  explains  the  cause  of  grooving  or  fracture,  so  often  ob- 
served in  the  angle  iron  rings,  by  which  flues  arc  attached  to  the  ends  of  boilers,  a 
result  most  frequent  where  the  ends  are  too  rigidly  stayed. 

Corrosion. — It  will  be  observed  that  defects  under  this  head  are  much  the  most 
numerous.  Many  of  the  boilers  inspected  have  been  found  in  a  most  dangerous 
condition,  and  there  can  be  little  doubt,  that  but  for  the  timely  detection  of  these 
defects  by  the  officers  of  the  Company,  the  number  of  explosions  must  have  been 
considerably  increased.  The  three  principal  causes  of  corrosion  are  these — defective 
workmanship,  dampness  of  the  seating,  and  acids  in  the  water ;  the  remedies  for 
which  are  self-evident,  and  need  not  therefore  be  repeated. 

Safety  Valves. — Thirty-one  boilers  were  found  working  in  great  danger,  owing 
to  the  safety  valves  being  entirely  inoperative.  In  many  other  cases  the  valves 
were  greatly  overloaded,  and  I  must  again  draw  attention  to  the  very  prevalent,  but 
most  objectionable  practice  of  attaching  extra  weights  to  safety  valve  levers.  For 
example,  I  may  mention  one  instance  where,  in  addition  to  a  large  weight  of  89  lbs. 
attached  to  the  lever  of  the  valve,  there  were  also,  a  piece  of  3-inch  water-pipe,  a 
lump  of  cast  iron,  and  a  pedestal  belonging  to  the  engine,  weighing  altogether  42 
lbs.  To  another,  besides  the  proper  weight,  were  attached  a  cast-iron  ball,  a  piece 
of  4-inch  pipe,  the  flange  of  another  pipe,  and  a  piece  of  wrought  iron.  Another 
case  of  overloading  is  deserving  of  notice:  at  the  first  visit  of  one  of  the  inspectors, 
to  examine  a  boiler  proposed  for  insurance,  he  found  by  calculation,  that  a  small 
lever  safety  valve  with  which  it  was  provided  was  loaded  to  1U6  lbs.  per  square  inch, 
although  according  to  the  gauge  steam  blew  off  freely  at  62^  lbs.  pressure.  The 
owner  disputed  the  accuracy  of  the  inspector's  calculations,  and  apparently  with 
some  reason,  inasmuch  as  steam  blew  off  at  the  same  time  from  one  of  Hopkinson's 
patent  safety  valves,  with  which  the  boiler  was  also  provided,  the  pressure  graduated 
on  the  lever  being  only  60  lbs.  per  square  inch.  On  subsequent  examination,  how- 
ever, it  was  discovered  that  this  valve  was  overloaded  by  extra  weights  attached  to 
the  lever  inside  the  boiler,  and  that  the  pressure  gauge  indicated  43j  lbs.  less  than 
the  actual  pressure.  The, extra  weights  had  been  attached  unknown  to  the  owner, 
and  not  improbably  under  the  impression  that  the  actual  load  on  the  valve  did  not 
exceed  that  indicated  by  the  gauge.  The  insurance  of  the  boiler  was  deferred  for 
some  months,  in  order  that  the  valve  should  be  correctly  weighted  previous  to 
insurance;  but  ultimately  the  boiler  was  replaced  by  a  new  one,  which  the  owner 
declined  to  insure. 

The  facility  with  which  Hopkinson's  and  similar  valves  can  be  overloaded,  as  in 
the  present  case,  or  as  I  have  known  in  other  cases,  by  placing  a  piece  of  wood 
between  the  inside  lever  and  the  shell  of  the  boiler,  is  a  strong  argument  against 
their  adoption,  notwithstanding  any  other  merits  they  may  possess. 

Another  valve  of  the  same  construction  was  found  inoperative,  the  valve  being 
held  down  by  means  of  an  iron  bar,  secured  by  a  prop  from  the  roof  of  the  boiler 
house. 

The  last  example  I  shall  give  is  one  where  a  safety  valve  was  inclosed  in  a  box, 
the  egress  from  which  had  been  closed,  and  an  inch  gas  pipe  attached  for  the  pur- 
pose of  testing  tubes,  a  small  tap  being  inserted  in  this  pipe,  to  admit  or  shut  off 
steam  at  pleasure.  At  the  time  of  inspection,  the  inspector  found  that  the  con- 
densed steam,  which  had  accumulated  in  the  pipe,  had  become  frozen,  rendering  any 
escape  of  steam  from  the  boiler  impossible. 

Pressure  Gauges. — Since  little  reliance  can  be  placed  on  the  accuracy  of  many 
of  these  gauges,  it  is  exceedingly  desirable  that  every  boiler  or  set  of  boilers  should 
be  provided  with  an  indicator  tap,  fixed  on  the  main  steam  pipe,  to  enable  the 
officers  of  the  Company  at  any  time  to  test  the  accuracy  of  the  gauges,  as,  notwith- 
standing repeated  warnings,  the  dangerous  practice  of  weighting  safety  valves  to 
accord  with  pressure  gauges  is  still  very  prevalent.  The  importance  of  this  sugges- 
tion justifies  me  in  repeating  it. 
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Water  Gauges. — In  reference  to  these,  little  need  be  said.  In  addition  to  the 
large  number  reported  rt  out  of  order,"  many  others  have  been  found  in  a  very  un- 
satisfactory condition.  No  mounting  attached  to  a  boiler  requires  greater  attention 
than  the  water  gauge,  as  deficiency  of  water  is  by  far  the  most  fruitful  source  of 
danger.  Among  the  boilers  insured,  lfll  cases  of  deficiency  of  water  have  been 
reported  in  the  course  of  the  year.  Of  these,  34  escaped  injury  in  consequence  of 
being  provided  with  Allen's  fusible  caps;  the  remainder  were  more  or  less  injured, 
and  have  been  repaired  at  the  Company's  expense,  at  a  cost  of  nearly  £1300,  but 
I  am  glad  to  say  none  of  these  accidents  were  attended  with  loss  of  life. 

Id  one  instance,  where  an  inspector  found  a  plain  cylindrical  boiler  working  with 
insafficiencv  of  water,  it  was  impossible  to  ascertain  the  actual  level  of  the  water, 
but  twentv  minutes  elapsed  before  it  reached  the  level  of  gauge — the  pump  being 
in  full  operation  the  whole  time.  At  a  previous  visit  of  the  inspector,  the  boiler 
was  found  in  a  similar  condition,  and  on  both  occasions  the  attendant  alleged  as  an 
excuse,  that  it  was  impossible  to  drive  the  machinery  if  the  water  was  kept  at  the 
proper  height.  After  each  visit  a  report  was  sent  to  the  assured,  pointing  out  the 
great  danger  incurred  by  this  reckless  mode  of  working,  and  on  the  second  occasion 
informing  him,  that  the  Company  would  not  hold  itself  responsible  for  the  conse- 
quences, if  the  practice  were  persisted  in.  This  had  the  desired  effect,  and  there 
has  since,  been  no  cause  of  complaint. 

Explosions. — The  number  of  explosions  and  the  consequent  loss  of  life  in  the  past 
year  have  been  less  than  in  the  preceding.  In  1863,  fifty-one  explosions,  causing 
the  loss  of  ninety  lives,  came  under  my  notice;  in  1864  forty-three  explosions,  with 
a  loss  of  seventy-four  lives. 

The  following  table,  though  probably  not  comprising  every  explosion  that  has 
occurred,  may  be  accepted  as  approximately  correct: — ■ 

Iron  Works  and  Foundry  boilers    9  causing  the  loss  of  32  lives. 

Coal  and  other  Mines  "         0        '*  '*  11      " 

Locomotive  "        6       4|  "  4     " 

Agricultural  Engine  u        I       "  u  1     " 

Steamboat  "        2       "  "  7     " 

Corn  Mill  "        2       "  "  6     " 

Saw  Mill  "        2       "  "  1     " 

Flax  Mill  "        1       "  u  1     " 

Silk  Mill  M        1       «  "  1     " 

Bleach  Works  "         1        "  "  7      " 

Chemical  Works  "        1       "  ■■  0     " 

Cement  Works,  Flint  Mill,  and  Brickyard  boilers...   3        "  "  0      " 

House  do.  B        3       "  "  3     " 

Boilers  for  other  purposes 2       u  "  0     " 

43  74  lives. 

As  in  previous  years,  it  will  be  observed  that  iron  works  and  mines  still  maintain 
an  unenviable  pre-eminence  for  boiler  explosions  and  destruction  of  life,  but  in 
cotton  mills  not  a  single  explosion  has  been  recorded  for  the  year  18G4. 

The  total  number  of  explosions  that  have  come  under  my  notice  since  the  forma- 
tion of  this  Company  in  the  year  1859,  is  267,  by  which  498  lives  have  been  sacri- 
ficed. Eight  of  the  boilers  which  exploded  were  insured,  viz..  four  plain  cylindrical, 
and  four  internal-fined  boilers.  None  of  the  former  gave  any  evidence  of  defect 
previous  to  explosion,  but  exploded  under  the  ordinary  working  pressure,  without 
any  warning  of  danger.  The  plates  were  not  reduced  in  thickness  by  corrosion,  but 
had  evidently  deteriorated  in  quality  from  the  causes  already  explained  under  the 
head  of  "  Fractures."  Of  the  internal-flued  boilers,  in  two  cases  explosion  resulted 
from  the  same  cause,  rupture  commencing  on  the  underside  near  the  middle,  without 
any  previous  leakage  or  corrosion  of  the  plates.  The  other  explosions  resulted  from 
defects  which  could  not  have  escaped  detection,  had  the  boilers  been  thoroughly 
examined.  In  one  of  these  cases  the  inspector  had  seen  the  boiler  only  three  days 
previous  to  the  explosion,  and  being  doubtful  as  to  its  condition  had  then  requested 
an  opportunity  for  thorough  examination,  which  it  was  arranged  should  take  place 
within  a  fortnight,  but  in  the  meantime  the  boiler  exploded,  in  consequence  of  cor- 
rosion induced  by  leakage.  The  other  explosion  took  place  on  the  26th  May  last, 
at  Messrs.  John  Davidson  &  Son3*  Corn  Mill,  Newcastle-on-Tyne.  This  boiler, 
which  was  made  in  the  year  1856,  was  29  feet  long  by  7  feet  diameter,  and  con- 
tained two  furnaces  2  feet  9  inches  diameter,  connected  by  means  of  a  combustion 
chamber,  with  one  internal  flue  about  3  feet  2  inches  diameter  at  the  back  end,  but 
somewhat  oval  at  the  junction  with  the  combustion  chamber.  The  latter  was 
strengthened  on  the  upper  side  by  four  strong  bar  stays,  with  tie  rods  to  the  shell, 
and  on  the  underside  by  a  bar  of  3-inch  angle  iron,  connected  also  with  the  shell  by 
mf-ans  of  a  plate  stay.  There  was,  moreover,  a  similar  plate  stay  at  each  side  of 
the  chamber. 

Leakage  having  been  observed,  the  boiler  was  stopped  for  repairs,  and  on  examina- 
tion the  leakage  was  found  to  proceed  from  the  circular  seam,  at  the  junction  of 
the  internal  flue  and  combustion  chamber,  on  the  underside.  The  bottom  plate  of 
the  latter  being  considerably  corroded,  a  piece  of  plate  about  2£  feet  long  by  8 
inches  wide  was  cut  out,  and  a  thicker  piece  substituted.  On  completion  of  the 
repairs  the  boiler  was  subjected  to  hydraulic  pressure,  but  not  being  tight  the  seam 
was  again  caulked.  On  the  following  day  the  boiler  was  put  to  work,  and  had  only 
been  at  work  a  few  hours,  when  the  flue  collapsed  at  a  pressure  of  about  45  lbs.  per 
square  inch.  On  examining  the  boiler  subsequently,  I  found  that  fracture  had  taken 
place  at  the  circular  seam,  where  it  had  just  been  repaired,  the  old  plate  having  in 
all  probability  been  strained  by  the  drifting  and  caulking. 

This  was  evidently  the  immediate  cause  of  the  accident,  bnt  not  the  only  defect. 
On  further  examination  I  found  that  there  had  been  only  four  rivets  through  the 
plate  stay  and  angle  iron  on  the  bottom  of  the  combustion  chamber,  and  these  bad 
all  been  fractured  for  a  considerable  length  of  time.  The  underside  of  the  chamber 
may  thus  be  said  to  have  been  without  any  stay  whatever,  and  therefore  totally 
un  adapted  to  so  high  a  pressure  as  45  lbs.  per  square  inch,  the  usual  working 
pressure. 

The  fracture  of  the  rivets  was  obviously  attributable  to  the  unequal  expansion  of 
the  flue  and  shell,  the  evil  effects  of  which  have  already  been  referred  to.  The  in- 
security of  the  stay  on  the  underside  must  have  been  observed  by  the  men  engaged 


in  the  repairs,  but  they  appear  to  have  been  ignorant  of  its  importance.  No  oppor- 
tunity had  been  given  for  a  thorough  examination  by  the  Company's  inspector,  nor 
was  the  Company  made  aware  of  any  repairs  having  been  made  until  after  the 
accident.  Had  intimation  of  the  repairs  been  given,  the  boiler  would  have  been 
examined  and  the  accident  prevented. 

Another  explosion,  for  which  the  Company  was  Halle,  occurred  on  the  22nd 
March  last,  at  the  Denby  Iron  Works  near  Derby.  On  the  16th  February  previous, 
all  the  boilers  at  these  works  had  been  inspected,  and  with  the  exception  of  leakage 
at  some  of  the  seams  over  the 'fires,  they  were  found  in  good  condition.  These 
defects  were  pointed  out  and  repaired. 

The  boiler  which  exploded  was  cylindrical,  with  hemispherical  ends,  40  feet  long 
and  5  feet  diameter,  made  of  plates  -|-inch  thick. 

It  was  the  third  in  a  range  of  eight  boilers  all  of  the  same  dimensions,  made  in 
the  year  1859,  and  provided  with  similar  mountings.  Each  had  two  lever  safety 
valves  5  inches  diameter  loaded  to  60  lbs.  per  square  inch;  two  float  water  gauges, 
one  of  these  being  connected  with  the  feed  valve,  and  the  other  with  an  alarm 
whistle,  to  give  warning  in  case  of  deficiency  of  water. 

One  of  Smith's  pressure  gauges  was  fixed  outside  the  engine  house,  for  the  guid- 
ance of  the  firemen,  and  another  inside,  for  the  use  of  the  engineman.  Both  gauges 
were  attached  to  the  main  steam  pipe,  and  would  therefore  indicate  the  pressure  of 
all  the  boilers  working.  With  the  exception  of  a  slight  discrepancy  between  these 
gauges  the  mountings  appear  to  have  been  in  perfect  order. 

The  boiler  referred  to  was  torn  asunder  through  the  line  of  rivets,  at  the  circular 
seam  of  the  second  plate,  about  8  feet  6  inches  from  the  front  end,  and  divided  into 
two  parts.  The  larger  portion,  about  31  £  feet  in  length,  was  projected  about  40 
yards,  in  a  direct  line  from  its  original  position,  without  much  injury  to  itself, 
excepting  at  the  end,  which  was  completely  shattered  by  coming  in  contact  with  an 
embankment  of  slag  and  other  obstructions. 

The  other  portion  of  the  boiler  was  projected  a  distance  of  nearly  100  yards,  in 
the  contrary  direction,  striking  in  its  flight  a  large  wrought-iron  tube  made  of 
j-inch  plates,  which  it  cut  in  two,  carrying  a  piece  of  it  a  considerable  distance.  This 
part  of  the  boiler  had  recently  been  repaired. 

None  of  the  plates  gave  evidence  of  deficiency  of  water,  and  it  is  quite  certain 
the  explosion  was  not  due  to  this  cause.  It  was  not  difficult,  however,  to  ascertain 
the  real  cause. 

From  the  appearance  of  the  bottom  plate,  where  rupture  had  commenced,  it  was 
evident  that  a  fracture  had  existed  for  some  days,  probably  of  no  great  extent  at  the 
first,  but  gradually  extending  from  rivet  hole  to  rivet  hole,  until  not  less  than  5  feet 
or  one-third  of  the  circumference  had  become  fractured,  the  primary  cause  of  such 
fractures,  as  has  been  already  stated,  being  the  excessive  strain  to  which  certain 
parts  of  a  boiler  are  subjected  in  consequence  of  unequal  expansion.  The  absence 
of  corrosion  proved  the  fracture  to  have  been  of  recent  date,  and  the  evidence  of  one 
of  the  men  who  examined  the  boiler  internally,  about  eight  days  previous  to  the 
accident,  shows  that  it  must  have  commenced  since  that  time,  or  had  then  been  of 
small  extent,  and  thus  escaped  notice.  There  undoubtedly  must  have  been  leakage 
previous  to  the  explosion,  but  as  this  fractured  seam  was  beyond  the  bridge,  it  would 
be  scarcely  perceptible  from  the  fire  door. 

The  lap  of  the  bottom  plate  where  ruptured  was  found  to  be  very  brittle,  and  of 
inferior  quality,  but  the  remainder  of  this  plate  was  very  good.  This  inequality  of 
the  iron  may  be  partly  attributable  to  the  flame  iu  passing  the  bridge  impinging 
upon  this  particular  seam,  where  the  overlapping  of  the  plates  would  render  thein 
more  liable  to  injury  from  overheating.  It  is  worthy  of  notice  that,  according  to 
the  evidence  of  one  of  the  firemen,  the  pressure,  which  shortly  before  the  accident 
had  been  as  high  as  50  lbs.  per  square  inch,  had  fallen  in  consequence  of  fresh  fuel 
having  been  thrown  on  all  the  fires,  and  did  not  exceed  47  lbs.  per  square  inch 
when  the  explosion  occurred. 

It  may  seem  somewhat  incredible  that  a  boiler  which  had  sustained  a  pressure  of 
50  lbs.  a  few  minutes  previous,  should  be  torn  asunder  in  the  manner  described, 
when  the  pressure  was  reduced;  but  this  is  not  a  solitary  instance  where  such  has 
been  the  case.  Another  explosion  which  I  had  occasion  to  investigate  in  the  pre- 
vious year  took  place  under  precisely  similar  circumstances.  Where  such  a  fracture 
as  here  described  has  commenced,  if  the  plate  be  subjected  to  tension  and  the  action 
of  the  fire,  the  rent  opens  and  leakage  ensues;  but  this,  if  observed,  which  from  the 
position  of  the  fracture  is  frequently  impossible,  seldom  attracts  much  notice,  being 
soon  stopt  by  the  deposit.  Whenever  fresh  fuel  is  thrown  upon  the  fire,  the  tem- 
perature of  the  furnace  is  reduced,  causing  contraction  of  the  plates.  By  this 
alternate  expansion  and  contraction,  repeated  at  short  intervals,  the  fracture 
gradually  extends,  imperceptibly  reducing  the  strength  of  the  boiler  until  a  moment 
arrives  when  it  is  no  longer  able  to  sustain  the  ordinary  working  pressure.  This 
had  evidently  been  the  cause  of  explosion  in  the  present  instance. 

I  may  state  that  the  bursting  pressure  of  a  boiler  of  the  dimensions  above  given, 
and  made  of  good  material,  as  this  boiler  appears  to  have  been,  would  be  not  less 
than  400  lbs.  per  square  inch,  if  subjected  to  a  uniform  strain  by  hydraulic  pressure. 

This  boiler,  therefore,  being  comparatively  new,  might  with  good  reason  have 
been  considered  safe  to  work  at  60  lbs.  pressure,  and  so  far  as  an  opinion  can  be 
formed  from  the  evidence  given  at  the  inquest,  there  did  not  appeal-  to  have  been 
any  symptom  of  danger  or  grounds  for  apprehension  prior  to  the  accident. 

The  third  and  last  explosion  of  an  insured  boiler  took  place  on  the  24th  June,  at 
the  Clarence  Iron  Works,  Middlesbro'-on-Tees.  This  was  also  a  plain  cylindrical 
boiler,  60  feet  long  by  5  feet  diameter,  with  hemispherical  ends.  It  was  made  in 
the  year  1858,  and  at  the  time  of  the  accident  was  working  in  connection  with 
eight  other  similar  boilers,  at  a  pressure  of  32  lbs.  per  square  inch.  It  was  heated 
by  gas  from  blast  furnaces,  but  had  also  a  fire  underneath,  as  ordinarily  applied  to 
such  boilers.  About  eight  days  previous  to  the  accident  it  was  stopped  for  clean- 
ing, and  three  of  the  plates  over  the  fire  were  replaced,  on  account  of  fractures. 
Kupture  appears  to  have  commenced  at  the  second  circular  seam  from  the  front 
end,  a  little  to  the  right-hand  side,  through  the  seam  of  an  old  plate,  where  attached 
to  one  of  the  new  ones  above  referred  to.  Thence  it  had  extended  in  an  irregular 
manner,  dividing  the  first  9  or  10  feet  of  the  boiler  into  several  pieces,  but  other- 
wise doing  comparatively  little  damage.  The  hemispherical  end  was  projected 
upward.-:,  but  coining  in  contact  with  the  large  gas  tube  conveying  gas  from  tho 
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blnst  furnaces,  it  had  rebounded  and  fallen  back  upon  the  right-hand  side  of  the 
boiler,  while  the  other  pieces  were  found  lying  on  the  other  side.  The  remainder  of 
the  boiler  was  moved  back  upon  its  seating  about  IS  inches,  breaking  the  steam  and 
feed  pipes.  None  of  the  adjoining  boilers  were  injured,  and  with  the  exception  of 
two  or  three  men  being  slightly  scalded,  no  one  was  hurt. 

On  examining  the  plates,  I  found  most  of  them  of  good  quality,  but  the  plate 
where  fracture  had  commenced  and  one  or  two  others  were  very  brittle.  The 
whole  of  the  plates  had  in  all  probability  been  of  good  quality  originally,  but  some 
of  those  exposed  to  the  direct  action  of  the  lire  appear  to  have  deteriorated  from 
overheating. 

This  explosion,  which  presents  another  example  of  the  uncertainty  of  boilers  of 
this  construction,  can  only  be  attributed  to  deterioration  of  the  iron,  and  undue 
straining  of  the  plates  from  the  causes  already  explained. 

This  and  many  similar  explosions  lead  to  the  conclusion  that  longitudinal  stays, 
which  have  hitherto  been  deemed  unnecessary  for  boilers  of  this  construction,  are 
essential  for  their  safety. 

Another  accident,  which  may  be  considered  an  explosion,  though  very  limited  in 
extent,  is  deserving  of  special  notice,  inasmuch  as  it  proves  beyond  dispute,  that 
explosions  may  and  sometimes  do  occur  from  a  cause  which  hitherto  has  often  been 
denied. 

The  boiler  to  which  I  refer  is  cylindrical,  with  hemispherical  ends,  of  §  inch 
plates,  made  in  the  year  1850.  It  is  provided  with  two  2£  inch  safety  valves, 
weighted  to  blow  off  at  40  lbs.  pressure.  On  Saturday,  the  29th  October,  a  little 
before  1  p.m.  the  fireman  was  suddenly  startled  by  a  loud  report,  and  immediately 
thrown  down.  At  the  same  instant  steam  and  water  issued  from  the  fire  door,  but 
being  a  little  to  one  side,  he  fortunately  escaped  injury. 

On  examining  the  boiler,  I  found  that  about  8  feet  beyond  the  bridge  there  was 
a  hole  in  one  of  the  plates,  of  an  irregular  triangular  form,  about  7  inches  in  length 
and  4  inches  in  width  at  the  base.  The  piece  of  plate  blown  out  was  bent  close 
back  against  the  underside  of  the  boiler,  remaining  attached  at  the  base  for  about 
Ij  inch  long  by  ^  inch.  Around  the  hole,  in  the  inside,  was  an  accumulation  of 
deposit,  extending  over  an  area  of  about  2£  square  feet,  from  1  inch  to  l£  inch 
thick  in  the  centre,  and  gradually  reduced  in  thickness  towards  the  outside.  In 
other  parts,  the  boiler  was  almost  free  from  deposit,  but  the  surface  of  the  plates 
had  a  greasy  appearance,  and  at  the  back  end  there  was  a  small  patch  of  deposit  of 
the  same  kind  as  that  just  mentioned.  The  deposit  was  found  to  be  composed  of 
grease  and  earthy  matters,  and  ignited  like  a  piece  of  wood  when  a  match  was 
applied.  I  can  only  attribute  the  presence  of  grease,  either  to  its  introduction  by 
the  attendant,  which  he  would  not  acknowledge,  or  to  its  introduction  with  the  feed- 
water,  which  at  times  conveyed  grease  or  soap  from  some  neighbouring  soap  works. 
The  feed-pipe  delivered  the  water  about  15  inches  from  the  centre  of  the  hole  in 
the  plate,  on  the  side  nearest  to  the  lire,  and  10  inches  from  the  bottom  of  the 
boiler.  From  inquiry,  I  ascertained  that  the  feed  had  been  turned  on  about  ten 
minutes  or  a  quarter  of  an  hour  previous  to  the  accident,  and  the  plate  itself  showed 
evidence  of  its  cooling  effect  on  that  side. 

Consideration  of  all  the  circumstances  relating  to  this  remarkable  accident  has 
led  me  to  the  conclusion,  that  after  the  plate  had  become  red  hot,  in  consequence 
of  the  deposit,  the  latter  had  become  loosened,  and  fracture  taking  place,  either  in 
consequence  of  the  cooling  effect  of  the  feed-water,  or  from  some  other  cause,  water 
had  penetrated  the  deposit,  and  intervened  between  it  and  the  red-hot  plate,  which 
must  have  produced  a  sudden  and  excessive  generation  of  steam,  sufficient  to  cause 
rupture.  The  quality  of  the  iron  was  good,  otherwise  the  rupture  must  have 
extended,  and  resulted  in  a  serious  explosion.  The  damage  did  not,  however,  extend 
beyond  the  single  plate  referred  to,  and  the  brickwork  of  the  side  flues.  The  boiler 
had  been  cleuned  twelve  days  previous  to  the  accident;  and  at  that  time  there  was 
no  deposit  on  this  plate,  nor  any  appearance  of  defect. 

Although  in  this  instance  the  attendant  denied  having  introduced  any  oil,  tallow, 
or  other  greasy  substance,  I  have  found  it  a  common  practice  to  throw  into  boilers 
old  cotton  waste  which  had  been  used  for  cleaning  the  bearings  of  the  engine  and 
shafting,  under  the  impression  that  it  facilitated  the  removal  of  the  scale.  The 
practice,  is,  however,  a  very  objectionable  one,  inasmuch  as  the  oil  combining  with 
impurities  in  the  water,  forms  a  greasy  substance,  which  when  precipitated  on  the 
plates,  prevents  contact  of  the  water,  causing  overheating  of  the  plates,  and  at 
times  very  serious  injury  to  the  boiler.  Where  exhaust  steam  from  high-pressure 
engines  is  used  for  heating  the  feed-water,  oil  and  tallow  from  the  cylinders  are  fre- 
quently conveyed  along  with  the  water  to  the  boiler,  and  produce  the  same  results. 
A  simple  remedy  in  such  cases  is  found  in  the  introduction  of  caustic  soda,  which, 
by  furming  a  soap  which  remains  in  solution,  prevents  the  precipitation  of  the  greasy 
deposit  upon  the  plates.  This,  in  combination  with  surface  blowing  off,  has  proved 
an  effectual  remedy,  where  previously  the  repairs  of  the  boilers  were  a  source  of 
constant  annoyance  and  expense. 

The  most  disastrous  explosion  which  occurred  in  the  course  of  the  year  took  place 
on  the  17th  February,  at  the  Aberaman  Iron  Works,  in  South  Wales.  By  this 
accident  thirteen  persons  lost  their  lives,  and  many  others  were  seriously  injured. 
The  boilers  were  not  insured,  but  at  the  request  of  the  coroner  I  gave  evidence  at 
the  inquest.     The  particulars  are  as  follows: — 

About  half-past  three  o'clock  in  the  afternoon  of  the  day  mentioned,  two  of  the 
boilers  suddenly  expluded,  spreading  destruction  in  all  directions.  These  boilers 
were  the  first  and  second  in  a  range  of  seven,  five  of  which  were  of  the  same  dimen- 
sions, viz.,  40  feet  long  by  9  feet  diam.,  made  of  -j^th  plates  on  the  under  side,  and 
A-inch  plates  on  the  upper  side.  Each  contained  an  internal  Hue,  3  feet  diam.,  made 
of  i-inch  plates,  through  which  the  products  of  combustion  passed  on  their  way  to 
the  chimney,  after  having  first  traversed  the  left  and  then  the  right-hand  side  of 
the  boiler.  The  fire-grate,  which  was  external,  was  8  feet  square,  and  about  2\ 
feet  from  the  bottom  of  the  boiler. 

No.  1  and  No.  2  boilers  commenced  work  about  the  middle  of  the  year  1847,  and 
were  therefore  more  than  sixteen  years  old,  during  which  period  they  had  worked 
night  and  day.  On  the  main  steam  pipe  between  these  boilers  was  fixed  one  lever 
safety  valve,  8  inches  diam.,  and  between  No.  2  and  No.  3  was  similarly  placed  another 
safety  valve  of  the  same  dimensions.  Each  of  the  other  boilers  was  prodded  with 
a  4-inch  safety  valve.     All  these  valves  were  weighted  to  blow  off  at  4U  lbs.  pres- 


sure. The  other  mountings  consisted  of  one  float  and  two  gauge-cocks  for  each 
boiler,  and  one  pressure-gauge  fixed  in  the  engine-house  of  the  blast-engine.  Two 
of  the  boilers,  No.  6  and  No.  7,  which  were  of  more  recent  make,  were  plain  cylin- 
drical boilers,  50  feet  long  by  6£  feet  diam.,  made  of  -/flth  plates.  On  the  day  of 
the  accident  six  of  these  boilers  were  working,  but  owing  to  a  breakage  in  the  mill, 
the  mill  engine  had  been  stopped  at  seven  o'clock  in  the  morning;  and  about  an 
hour  before  the  explosion,  the  blast-engine  was  also  stopt  to  pack  the  piston. 
Before  stopping  the  latter,  however,  the  dampers  of  all  the  boilers  were  closed,  and 
the  fires  "damped;  "  and  according  to  the  evidence  of  one  of  the  firemen,  the 
pressure  at  the  time  of  the  explosion  did  not  exceed  40  lbs.  per  square  inch.  No. 
2  boiler  appears  to  have  given  way  first,  and  with  the  exception  of  about  8  feet  of 
the  shell  at  the  firing  end,  was  projected  nearly  in  a  direct  line  over  the  works, 
falling  about  90  yards  from  its  original  position,  carrying  with  it  the  internal  flue ; 
which,  separating  from  the  shell  in  its  descent,  was  thrown  some  yards  further, 
sustaining  little  injury. 

No.  1  boiler,  which  was  also  divided  into  two  portions,  had  been  elevated  from 
its  seat  to  a  considerable  height,  the  larger  portion  falling  upon  one  of  the  roofs 
over  the  puddling  furnaces,  bringing  these  to  the  ground,  and  burying  several  of  the 
workmen  in  the  ruins.  Two-thirds  of  the  internal  flue  remained  attached  to  this 
part  of  the  shell,  but  the  other  third  was  projected  far  up  the  bank  in  a  contrary 
direction,  and  the  remainder  of  the  shell,  being  that  at  the  firing  end,  was  found 
lying  near  the  stoke  hole  of  No.  5  boiler.  There  were  no  symptoms  of  collapse  in 
either  of  the  flues,  and  from  the  appearance  of  the  plates  of  both  boilers  it  was  evident 
there  had  been  no  deficiency  of  water;  the  explosion  could  not,  therefore,  be  attri- 
butable to  this  cause. 

According  to  the  evidence  of  the  manager  of  the  works,  the  explosion  of  these 
boilers  was  not  simultaneous,  but  one  immediately  followed  the  other.  It  is  probable, 
therefore,  that  on  the  explosion  of  No  2,  the  violent  concussion  sustained  by  No.  1 
had  been  the  immediate  cause  of  its  explosion. 

An  examination  of  the  plates  removed  all  d  mbt  as  to  the  cause  The  whole  sur- 
face of  the  plates  below  the  water  line  was  corroded  in  a  most  remarkable  manner, 
presenting  the  appearance  of  honeycomb,  and  at  the  seams  the  plates  were  so  deeply 
grooved  as  in  many  places  not  to  exceed  ^  inch  in  thickness,  and  in  some  places 
were  even  less.  The  rivet  heads  had  also  suffered  from  the  same  cause,  many  of 
these  being  entirely  destroyed.  These  effects  were  most  marked  in  the  plates  over 
the  fire,  and  along  the  left-hand  side,  where  subjected  to  the  most  intense  heat. 
Many  boilers  in  Lancashire,  supplied  with  water  from  the  Rochdale  canal,  or  from 
coal  mines,  are  similarly  effected ;  but  I  have  met  with  few  cases  where  the  cor- 
rosion had  proceeded  so  far  as  in  the  boilers  of  which  I  have  been  speaking. 

From  the  evidence  of  one  of  the  witnesses,  who  had  charge  of  these  boilers  from 
the  year  1845  to  the  latter  part  of  1861,  they  appear  not  to  have  suffered  from 
corrosion  until  about  seven  years  ago,  when  water  from  an  iron-stone  level  was 
allowed  to  enter  the  stream  which  supplies  the  works  with  water.  The  fish  in  the 
stream  then  died,  and  the  water  was  observed  to  have  a  very  destructive  effect  upon  iron. 

There  being  little  or  no  deposit  on  the  plates,  the  corrosion  could  not  have 
escaped  notice;  indeed,  knowledge  of  the  corrosion  was  admitted.  Plates  had 
actually  been  ordered  for  the  repairs,  but  those  in  charge  do  not  appear  to  have  been 
at  all  aware  of  the  imminent  danger  in  which  the  boilers  had  been  working  for 
many  months.  I  can  only  account  for  this  under  the  supposition  that  they,  in 
common  with  many  others,  must  have  entertained  the  erroneous  opinion,  that  how- 
ever defective  a  boiler  may  be  from  fracture  or  corrosion  on  the  underside,  explosion 
will  never  take  place  provided  there  be  a  sufficient  supply  of  water. 

After  an  inquiry,  which  lasted  the  better  part  of  two  days,  the  jury  found  a 
verdict  of  "  accidental  death,"  accompanying  it  with  the  remark,  that  "they  had 
no  evidence  to  show  that  those  in  charge  were  responsible  for  such  accident." 

In  reference  to  another  explosion,  by  which  five  persons  lost  their  lives,  I  may 
mention  that  this  boiler  was  formerly  insured,  but  at  the  expiration  of  the  first 
year,  the  renewal  of  the  policy  was  deferred  on  account  of  the  defective  condition  of 
the  boiler.  In  reply  to  my  letter  pointing  out  the  defects,  and  the  necessity  of 
repairs,  the  owner  informed  me  that  he  had  had  the  boiler  examined  by  a  boiler- 
maker  from  a  highly  respectable  firm,  who  reported  it  perfectly  safe,  and,  therefore, 
unless  the  Company  were  willing  to  continue  the  insurance  of  the  boiler  in  its  actual 
condition,  the  policy  must  lapse.  Having  full  confidence  in  the  Company's  inspector, 
and  the  accuracy  of  his  report,  I  declined  to  renew  the  insurance,  and  the  policy  was 
cancelled.  The  result  anticipated  followed.  An  inquest  was  held,  and  the  usual 
verdict  of  "  accidental  death  "  recorded. 

The  last  explosion  I  shall  refer  to  is  that  of  a  boiler  20  feet  long  by  bh  feet  diam., 
with  one  internal  flue  3  feet  diam.,  made  of  |-inch  plates.  Having  been  bought 
second-hand,  its  age  is  uncertain.  It  was  not  insured,  but  was  examined  by  one  of 
the  officers  of  the  Company  shortly  after  the  explosion.  He  found  that  the  flue  had 
collapsed  throughout  its  entire  length,  and  having  torn  asunder  about  six  feet  from 
the  front  end,  the  larger  portion,  together  with  the  end  plate,  had  been  projected  a 
distance  of  nearly  100  yards;  the  shell,  with  the  other  portion,  taking  an  opposite 
direction,  and  alighting  about  20  feet  from  its  original  position.  There  was  no  evi- 
dence of  deficiency  of  water,  but  at  the  second  plate  of  the  flue  from  the  back  end 
there  had  been  an  old  fracture  and  leakage,  in  consequence  of  which  the  plate  was 
much  reduced  in  thickness  by  corrosion.  The  safety  valve  was  4  inches  diam.,  and 
in  addition  to  the  proper  weights,  the  attendant  had  on  the  previous  day  attached 
a  feed-valve  mounting  and  a  grate  bar,  together  weighing  60  lbs.,  and  giving  a 
pressure  on  the  valve  of  about  100  lbs.  per  square  inch—a  pressure  more  than  suffi- 
cient to  cause  collapse  of  such  a  flue. 

At  the  inquest  no  evidence  was  given  as  to  the  actual  pressure  on  the  valve;  nor 
did  either  of  the  principal  witnesses — a  consulting  engineer  and  a  boiler-maker — 
make  any  allusion  to  the  defect  in  the  flue. 

The  verdict  found  by  the  jury  was  to  the  effect  "  that  the  explosion  was  caused 
by  the  deceased  having  incautiously  put  more  pressure  on  the  boiler  than  it  could 
bear,"  This  is  only  another  proof  of  the  danger  attending  the  common  practice  of 
attaching  extra  weights  to  safety  valve  levers,  of  which  I  have  already  spoken. 

Other  examples  might  be  gi^en,  but  sufficient  has,  I  think,  been  said  to  show  the 
necessity  of  periodical  inspection,  and  the  advantages  accruing  to  those  who  avail 
themselves  of  the  services  rendered  by  this  Company. 


May  1,  1SC3. 
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MONTHLY    NOTES. 


New  Gunpowder. — Captain  Schultze,  of  the  Prussian  artillery,  has  recently 
patented  a  new  kind  of  gunpowder,  which  possesses  some  remarkable  peculiarities. 
It  consists  principally  of  wood  reduced  by  a  very  ingenious  process  to  very  minute 
cylinders  or  grains,  deprived  of  all  tht-ir  constituents  other  than  cellulose,  and 
steeped  in  a  solution  of  nitrate  of  potash  and  nitrate  of  barytes.  The  explosive 
effect  of  this  new  powder  is  stated  to  be  as  great  as  that  of  gun-cotton,  while  it  does 
not  possess  the  great  disadvantages  of  the  latter  substance. 

Constitution  of  Stekl. — The  Royal  Academy  of  Sciences  of  Belgium  has 
awarded  the  gold  medal  proposed  to  be  given  to  the  author  of  the  best  work  on  the 
Constitution  of  Steel,  to  Captain  Caron,  so  well  known  for  his  researches  on  this 
subject.  M.  Stas,  the  principal  of  the  persons  appointed  to  examine  the  essays,  in 
commenting  on  Captain  Caron's  work,  expresses  his  own  entire  concurrence  in  his 
opinion,  that  iron  in  passing  into  the  condition  of  steel  does  not  take  up  any  nitrogen 
in  addition  to  that  which  it  originally  contained.  Steel,  he  says,  is  essentially  com- 
posed of  iron  and  carbon,  and  owes  its  qualities  or  its  defects  to  two  different  causes 
— the  state  of  the  carbon  in  the  metal,  or  the  nature  of  the  foreign  bodies  which 
debase  it.  Whenever  steel  is  good  its  carbon  can,  under  the  influence  of  tempering, 
combine  with  the  metal,  and  gives  us  a  hard,  brittle  metal,  which  further  tempering 
renders  supple  and  elastic.  When  steel  becomes  bad  after  undergoing  several 
heatings,  it  is  due  to  its  carbon  having  been  burnt  or  separated  from  the  iron,  and 
tempering  will  not  then  regenerate  the  combination.  This  separation  is  due  to  the 
presence  of  foreign  bodies,  more  especially  silicium.  These  bodies  also  give  to  the 
metal  defects  varying  with  their  nature  and  the  impurities  they  contain.  M.  Stas  further 
adds  that  Captain  Caron's  essay  is  "  undoubtedly  the  resume  of  long  and  glorious 
labours,  put  forth  with  a  simplicity  and  lucidity  which  greatly  enhance  their 
merits." 

Standard  of  Electrical  Resistance. —  Copies  of  the  standard  chosen  by 
the  committee  of  the  British  Association  on  Electrical  Standards,  appointed  by  the 
British  Association  in  1861,  can  now  be  procured  by  application  to  Mr.  Fleeming 
Jenkin,  6,  Duke-Street.  Adelpbi,  secretary  to  the  committee,  the  cost  of  a  unit 
coil  and  box  being  £2  Ills.  The  standard  is  a  close  approximation  to  10,000,000 
metre-secon  ds  in  Weber's  absolute  electro-magnetic  system,  determined  according 
to  new  and  careful  experiments  made  by  different  members  of  the  committee,  and 
the  copies  are  constructed  of  an  alloy  of  platinum  and  silver,  in  a  form  chosen  as 
well  adapted  for  exact  measurement.  The  want  of  a  generally  recognized  standard 
of  electrical  resistance  has  been  universally  felt,  and  led  to  the  appointment  of  the 
committee,  who  now  express  a  hope  that  the  motives  which  have  led  to  their  pre- 
sent choice,  and  which  are  fully  explained  in  the  several  reports  published  by  them, 
will  induce  all  interested  in  the  progress  of  electrical  science  to  assist  in  procuring 
the  general  adoption  of  the  new  standard. 

M  Cannel  Coal." — About  a  century  ago  the  celebrated  Duke  of  Bridgewater 
was  the  proprietor  of  a  large  estate,  situated  at  a  place  called  Worsley,  seven  miles 
from  Manchester.  This  estate  contained  numberless  valuable  coal  seams,  easily  to 
be  got  at,  but  nevertheless  comparatively  worthless,  in  consequence  of  the  great 
expense  and  difficulty  of  transporting  the  coal  to  market.  The  Duke,  being  a 
singularly  enterprising  individual,  determined,  if  possible,  to  remedy  this  defect, 
and  by  one  of  those  happy  coincidences  which  so  frequently  reward  a  praiseworthy 
effort,  he  found,  in  the  self-instructed  genius  James  Brindley,  the  very  man  to  con- 
trive the  means  for  securing  the  desired  end.  Suffice  it  to  say  that  Brindley  con- 
structed an  excellent  profit-paying  canal  between  Liverpool,  Manchester,  Worslev, 
and  the  Great  Wigan  district.  This  canal  appears  to  have  been  finished  about  the 
year  1766,  and  store-houses  were  built  at  various  points  at  its  course,  where  the 
Duke's  coal  was  deposited,  for  the  purpose  of  supplying  the  immediate  neighbour- 
hood. About  this  time  the  word  "kennel"  or  "  kannel "  was  generally  employed 
in  Lancashire  and  Cheshire  to  designate  an  artificial  watercourse ;  and  even  Brindley 
himself,  in  some  of  his  letters,  speaks  of  the  new  undertaking  as  "  the  Duke's 
kennel."  It  is  not,  therefore,  surprising  that  the  Duke's  coal  should  have  received 
the  name  of  "kennel  coal,"  being,  so  to  say,  kennel-borne;  and  this  name  would 
be  peculiarly  applicable  at  Liverpool,  where  sea-borne  coal  from  Whitehaven,  in 
Cumberland,  had  long  been  in  use,  and  was,  moreover,  an  article  differing  in  many 
of  its  qualities  from  the  Duke's  coal.  That  this  is  the  true  origin  of  the  name  now 
applied  to  this  kind  of  coal  is  further  established  by  the  fact  that  the  eminent 
geologist  Werner,  who  visited  the  coal  districts  of  England  not  long  after  the  above 
period,  has  adopted  the  very  word,  and  in  speaking  of  the  Wigan  coal,  calls  it 
u  kennelkohle."  This  word  has  indeed  been  lately  written  "  cannel  "  in  this  country, 
and  some  ingenious  persons,  finding  themselves  quite  at  a  loss  to  discover  the  source 
of  such  a  name,  have  come  to  the  conclusion  that  it  is  derived  from  the  word 
"  candle,"  and  to  support  this,  they  have  asserted  that  slips  of  this  kind  of  coal 
will  burn  like  a  candle;  an  assertion  which,  we  need  hardly  say,  is  altogether 
fabulous. 

The  Largest  Railway  Bridge  in  the  World. — The  proposed  bridge 
which  is  to  carry  the  South  Wales  and  Great  Western  Direct  Railway  across  the 
river  Severn,  near  to  Chepstow,  is,  according  to  the  design  of  Messrs.  Fowler  & 
Fulton,  the  engineers,  to  he  two  miles  and  a  quarter  in  length,  and  is  to  have  suffi- 
cient headway  to  permit  masts  of  ships  of  122  feet  in  length  to  pass  under  when 
the  surface  of  the  river  is  at  the  level  of  mean  tide,  so  as  in  no  way  to  impede  the 
navigation.  The  principal  opening  which  is  to  cross  the  low-water  channel,  is  to  be 
600  feet  span,  being  the  total  width  of  the  Thames  at  Southwark  Bridge.  Messrs. 
Fowler  &  Fulton  estimate  the  probable  cost  of  this  bridge  at  £980,000,  for  which 
sum  the  eminent  firm  of  Messrs.  Cochrane,  Grove,  &  Co.  have  undertaken  to  complete 
the  work.  The  gradients  upon  this  new  route  will  be  such  as  to  make  the  line 
between  London  and  the  South  Wales  coal-fields  better  adapted  to  a  large  coal  and 
mineral  traffic  than  any  other  line  of  the  same  length  in  the  kingdom.  The 
shortening  of  distance  and  securing  the  better  gradients  will  practically  diminish 
the  journey  between  Milford  Haven,  the  South  Wales  coal-fields,  and  London,  by 
about  forty  miles. 


South  Queensfekry  Paragon  Works  Mechanics'  Association.  — For 
some  time  past  the  workmen  engaged  in  the  construction  of  engines,  steam  hammers, 
and  engineers'  tools  of  every  description,  in  connection  with  the  above  works  near 
South  Queensferry,  have  felt  the  want  of  some  public  institution  whereby  the  younger 
hands,  especially,  might  be  instructed  in  drawing  and  other  matters  connected  with 
their  trade,  and  they  have  accordingly  formed  an  association  for  the  purpose, 
James  Dundas,  Esq.,  of  Dundas,  C.E.,  proprietor  of  the  works,  having  granted 
them  the  use  of  rooms  to  hold  their  meetings  in,  and  consented  to  accept  the 
office  of  president.  The  proceedings  were  formally  opened  on  the  11th  Feb.,  1865,  by 
the  president  delivering  an  appropriate  inaugural  address,  in  the  course  of  which  he 
stated  that  he  had  been  called  upon  to  preside  over,  and  to  open  this  "  School  of 
Arts,"  if  he  might  so  designate  it,  and  that  he  thought  very  highly  of  the  move- 
ment which  the  workmen  had  set  on  foot,  as  he  calculated  it  to  sharpen  their 
faculties,  and  to  make  them  more  intelligent,  and  consequently  better  workmen. 
This,  however,  must  be  a  matter  of  growth.  The  processes  in  nature  pursue  their 
noiseless  course  continually  in  their  approach  to  the  beautiful  and  the  perfect,  and 
perfection  in  mental  development  can  only  be  reached  by,  in  the  most  of  cases, 
laborious  self-application.  That  which  is  valuable  is  costly,  and  this  is  not  less 
true  in  the  mental  than  in  the  material  world,  and  the  question  how  best  to  fit 
one's  self  for  his  work  in  his  own  particular  line,  is  fraught  with  vital  interest,  and 
regarding  which,  probably,  no  specific  rule  could  be  laid  down  that  would  apply  in 
every  case.  Yet  there  are  those  main  lines  of  thought  which  concern  all  workers 
in  whatever  sphere  they  may  be  employed  ;  and  it  may  be  stated  without  much  fear 
of  contradiction,  that,  it  matters  not  to  what  class  of  workers  a  man  may  belong, 
he  will  be  the  better  fitted  for  his  work  by  his  greater  knowledge  of  the  materials 
he  operates  on,  the  tools  he  employs,  and  the  principles  of  construction.  In  acquiring 
a  better  knowledge  of  these,  however,  he  will  find  that  he  need  not  limit  himself 
to  them,  but  that  he  may  profitably  gather  a  little  out  of  contiguous  fields.  All 
knowledge  is  correlated,  and  a  difficulty  will  be  found  in  knowing  when  and  where 
to  stop.  The  history  of  iron  and  brass,  the  principal  materials  on  which  one  is 
employed,  will  doubtless  engage  a  considerable  amount  of  attention.  Very  valuable 
assistance  will  be  found  in  this  study  by  consulting  the  scientific  journals,  which  are 
easily  attainable  now-a-days  by  those  in  the  humblest  position.  The  tools  which 
are  used,  and  by  means  of  which  other  tools  are  produced,  and  the  principles  of 
their  construction,  will  also  claim  a  fair  share  of  consideration.  A  workman  cannot 
but  be  improved  as  a  workman  by  apprehending  the  theory  which  he  is  daily 
putting  into  practice.  A  knowledge  of  drawing,  geometry,  and  algebra,  as  well  as 
arithmetic,  must  tend  to  increase  efficiency  and  value  even  as  workmen  and  fit  them 
for  those  higher  and  more  responsible  situations,  the  emoluments  of  which  stimulate 
to  laudable  exertion  in  the  pursuit  of  knowledge  under  difficulties.  The  president 
concluded  a  very  pertinent  address  by  remarking  that  aknowledge  of  their  own 
deficiencies  would  be  a  powerful  incentive  to  fill  the  vacant  spaces,  and  make  the 
mental  building  complete;  each  apartment  furnished  with  those  articles  which 
properly  belong  to  it,  not  jumbled  together  as  in  a  lumber  room,  but  each  in 
its  proper  place,  so  as  to  be  had  whenever  required— like  a  workshop,  in  short,  eacli 
part  of  which  has  its  appropriate  plant. 

The  address  was  very  much  appreciated  by  those  present,  and  warmly  applauded 
throughout,  after  which  a  cordial  vote  of  thanks  was  accorded  to  Mr.  Dundas, 
moved  by  Mr.  George  Waddell,  and  heartily  responded  to  by  all  present. 

Supply  of  Water  to  Paris. — Few  cities  were  worse  supplied  with  water  than 
Paris  not  many  years  since,  and  still  the  mode  of  supplying  is  primitive,  dear,  and 
inconvenient.  There  is  no  such  thing  in  Paris,  in  the  ordinary  way,  as  a  huge  cistern 
or  butt  from  which  the  pail  may  be  replenished  ad  libitum.  Great  reforms  are, 
however,  being  made  in  this  matter;  a  water  company  is  gradually  carrying  its 
pipes  into  privates  houses,  and  the  common  ewer  is  growing  rapidly  in  size.  The 
means  taken  for  increasing  the  supply  are  grand,  both  in  conception  and  extent; 
aqueducts,  canals,  and  artesian  wells  are  being  excavated  and  constructed  in  all 
quarters  of  the  outskirts.  One  reservoir  at  Menilmontant,  which  is  rapidly  ap- 
proaching completion,  has  two  stages,  and  is  destined  to  contain  100,000  cubic 
metres  of  water,  at  the  height  of  108  metres  above  the  level  of  the  sea,  and  35,000 
cubic  metres  in  the  other  compartment  at  100  metres  altitude.  At  Belleville  is 
another  reservoir,  also  half  finished;  this  is  also  divided  into  two  parts,  one  to  hold 
15,000  cubic  metres,  at  the  height  of  more  than  131  metres,  and  the  other 
25,000  cubic  metres,  at  an  altitude  of  131  metres.  At  present  one  of  the  uppei 
compartments  is  filled  with  Seine  water  raised  by  machinery  at  Charonne.  The 
aqueduct  for  bringing  the  waters  of  the  Dhuis  to  Paris  is  being  carried  on  with 
great  vigour;  in  the  year  1863  sixteen  kilometres  of  canal  and  syphons  were 
executed;  last  year  ninety-six  kilometres;  and  only  sixteen  or  eighteen  kilometres 
more  remain  to  be  accomplished,  which  it  is  expected  will  be  done  by  the  month  of 
May.  No  work  of  the  kind  was  perhaps  ever  performed  more  rapidly.  Immense 
works  are  going  on  at  Saint  Maur  for  supplying  a  portion  of  the  reservoirs  and 
the  lakes  of  the  Bois  de  Vincennes  ;  the  subterranean  conduits  are  terminated,  the 
foundations  for  the  machinery  laid,  and  the  buildings  in  hand.  The  lakes  are 
expected  to  be  supplied  by  these  means  with  water  from  the  Marne  in  May,  and 
the  supply  of  Paris  with  the  same  a  month  or  two  later.  Two  new  artesian  wells 
are  being  sunk;  one  of  these  has  unfortunately  fallen  on  a  stratum  of  fine  sand 
fifty-six  feet  thick,  which  has  created  great  additional  trouble,  while  the  other  has 
met  with  no  serious  difficulties,  and  is  already  finished  down  to  the  chalk  deposits. 
In  connection  with  these  important  works  it  will  be  interesting  to  give  the  price  at 
which  filtered  water  is  sold  by  the  municipal  authorities  to  the  water  carriers,  or 
other  people  who  chcose  to  be  their  own  aquarii.  According  to  a  decree  of  the 
prefect  of  the  Seine,  the  price  is  10  centimes  for  a  hectolitre  and  a  half,  rather  less 
than  a  penny  for  upwards  of  thirty-three  gallons,  and  for  a  pailful  one  centime,  or 
the  tenth  part  of  a  penny.     This  decree  came  in  force  on  1st  February  last. 

New  Corsish  Minerals. — Specimens  of  new  Cornish  minerals  (hydrated 
oxychiorides  of  copper)  were  laid  before  the  Chemical  Society,  at  a  recent  meeting, 
by  Professor  Church,  of  the  Royal  Agricultural  College,  Cirencester.  They  are 
named  lyellite,  langite,  brochantite,  and  a  new  species  of  atacamite,  remarkable  for 
its  beautiful  turquoise-blue  colour.  All  contain  water,  varying  from  three  to  five 
parts.  Green  atacamite,  formed  artificially  by  Sir  Robert  Kane,  contains  only  two 
parts  of  water,  while  the  natural  mineral  contains  four. 
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Break's  Ejector  for  Oil  Wells. — The  American  Artizan  of  March  29 
contains  the  following  description  of  this  improved  instrument,  by  which  the  petro- 
leum is  extracted  from  the  wells.  It  will  be  interesting  to  our  readers: — The  oil- 
tube  of  the  ejectors  in  common  use  is  liable  to  be  clogged  by  the  paraffitie  in  the  oil 
becoming  congealed  by  the  cooling  influence  of  the  water  of  the  well  in  contact  with 
the  outside  of  the  tube.  The  object  of  this 
invention  is  to  protect  the  oil-tube  from  the 
|     k  cooling  effect  of  the  water,  and  to  keep  the  oil 

limpid  while  being  forced  up  from  the  well ;  and 
it  consists  principally  in  the  arrangement  of  the 
777777)  oil-pipe  within  the  blast-pipe,  so  that  the  air  in 
the  annular  space  between  the  pipes,  in  virtue 
of  its  non-conducting  quality,  shall  prevent 
,|§  the  passage  of  heat  from  the  oil  within  the 

nner  pipe  to  the  water  around  the  outer  pipe; 
and  so  that  the  heat,  developed  in  the  air  by 
compression,  maybe  applied  to  the  metal  which 

li3s  oil  in  contact  with  its  other  side,  instead 

ssp^v  of  the  ordinary  arrangement,  which  places  water 
in  contact  with  the  outer  surface,  while  oil  is  in 
contact  with  the  inner  surface  of  the  pipe. 

The  accompanying  engraving  shows  the  con- 
struction so  clearly  that  not  much  description 
is  required,     a  is  the  lower  mouth-piece,  having 
a  vertical  centra!  passage,  a,  through  it;  and 
having  around  the  central  passage  an  annular 
space,    &,    open  at    its  top,  but    closed  at  its 
bottom,  except  at  e,  where  it  communicates  with 
the  upturned  nozzle,  c,  the  mouth  of  which  is 
concentric  with  the  central  passage,  a.    ifis  the 
oil-tube,  having  its  lower  end  screwed  into  the 
upper  part  of  the  central  passage,  a,  of  the 
_,X,         socket,  a.     c  is  the  blast-tube,  surrounding  the 
^^        oil-tube,  and  so  much  larger  as  to  leave  between 
them  an  annular  passage,  d,  of  sufficient  size 
for   the  blast.     The  upper  end  of  this  blast- 
^\         tube  has  screwed  on  to  it  a  socket,  d,  at  the 
top  of  which   is   a    stuffing-box,    E,    through 
which    the  oil-tube    passes — the    stuffing-box 
>\  s  making  an  air-tight  slip-joint  around  the  oil- 

\    ■  pipe.    On  one  side  of  the  socket,  d,  is  an  open- 

ing, J]  for  the  connection  of  the  blast-pipe. 
The  tubes,  b  c,  are  of  such  length  that  the 
lower  mouthpiece,  a,  may  be  immersed  to  a 
suitable  depth  in  the  well,  and  the  upper  socket, 
i>,  may  be  at  a  convenient  distance  above  ground. 
The  operation  is  as  follows : — The  air  which 
is  to  drive  up  the  oil,  being  admitted  through 
the  opening,  Jl  to  the  socket,  d,  descends 
through  the  blast-tube,  c,  to  the  annular  cavity, 

t£>,  in  the  lower  socket  or  mouth-piece,  A,  and 
passing  through  the  opening,  e,  and  nozzle,  c, 
forces  up  the  oil  through  the  oil-tube,  b  ;  which 
being  surrounded  by  the  jacket  of  air,  in  the 
annular  space  between  the  tube,  is  protected 
from  the  cooling  influence  of  the  water  in  the 
well.  If  steam  were  admitted  through  the  tube, 
\^  c,  to  force  up  the  oil,  it  would,  of  course,  warm 
the  tube,  b  ;  or  if,  as  is  the  common  practice, 
^  compressed  air  be  used  for  the  blast  through 

the  tube,  c,  the  increased  temperature  given  to 
the  air  by  compression  will  have  a  similar 
warming  effect  on  the  tube,  B,  and  thereby  pievent  the  paraffine  from  con- 
gealing on  the  sides  of  the  oil-tube,  and  clogging  it ;  and  the  oil  will  remain  limpid, 
and  flow  freely. 

Scientific  Association  of  Paris. — This  new  society,  headed  by  the  Imperial 
Astronomer,  exhibits  great  energy;  it  commenced  by  the  application  of  a  sum, 
equal  to  £2,000,  for  the  construction  of  large  astronomical  instruments  for 
observations  in  the  provinces;  next,  it  devoted  i.'320  to  prizes  for  meteorological 
studies;  and  it  has  just  authorized  a  committee  of  its  council  to  draw  up  a  scheme 
for  the  employment  of  a  sum  of  .£240  in  the  encouragement  of  physical  science. 
The  committee  has  made  its  report,  which  has  been  adopted  by  the  council.  The 
sum  of  1000  francs  is  devoted  to  an  inquiry,  to  be  made  by  M.  Cazin,  pro- 
fessor in  the  Lyre'e  of  Versailles,  into  the  dynamic  theory  of  heat.  Another  sum 
of  700  francs  is  to  be  placed  at  the  disposal  of  M.  A.  Terquem,  of  Metz,  for  the 
apparatus  necessary  to  work  out  his  theory  of  the  vibrations  of  plates,  rods,  and 
cords ;  the  apparatus  to  remain  the  property  of  the  association.  A  third  sum  of 
600  francs  is  devoted  to  the  purchase  of  a  spectroscope ;  and  a  collection  of  crystals, 
prisms,  and  lenses,  to  be  placed  at  the  disposition  of  M.  Gernez,  of  Dijon,  for  ex- 
amination into  the  rotatory  power  of  quartz  in  high  temperatures.  Two  further 
sums,  each  of  500  francs,  are  to  be  given  to  M.  Gaugain  and  M.  Diacon,  to  assist 
those  gentlemen  in  their  researches  in  electricity  and  the  spectrum  analysis.  It  is 
hoped  that  next  year  the  association  will  be  able  greatly  to  extend  its  operations. 

Iron  and  Steel  Exports. — It  is  a  remarkable  fact  that  while  our  exports  of 
iron  and  wrought  steel  amounted  to  1,494,630  tons  last  year,  as  compared  with 
1,640,949  tons  in  1863,  the  value  of  last  year's  exports  was  £13,214,294,  against 
£13,150,936  in  1863.  It  cannot  be  said  that  any  material  advance  has  been 
made  in  our  exports  since  1857.  This  is  to  be  attributed  to  the  stationary  and,  in 
fact,  diminished  demand  for  railway  iron,  in  consequence  of  the  progress  now  made 
with  the  gr^at  India  lines  and  the  substitution,  in  part,  of  Belgian  for  English 
railway  iron  in  S^ain. 


French  Iron  Manufacture. — In  1854  the  quantity  of  pig  iron  made  in 
France  was  750,069  tons,  of  which  280,000  tons  was  charcoal-made.  In  1863 
the  rate  had  increased  to  1,180,000  tons,  but  the  proportion  of  charcoal-made  was 
smaller,  being  only  280,000  tons. 

Steam  Roller.— A  huge  machine  for  crushing  and  consolidating  the  broken 
stone  on  the  macadamized  roads  of  Paris,  has  lately  been  tried  in  one  of  the  great 
new  boulevards,  and  in  other  places,  and  it  is  reported  with  a  satisfactory  result 
The  new  steam  roller  consists,  in  the  first  place,  of  two  very  large  cast-iron  rollers, 
which  are  coupled  together  by  means  of  two  endless  chains  acting  on  rachet-wheels 
attached  to  one  side  of  each  of  the  rollers,  the  boiler  being  placed  over  one  of  the 
rollers  and  the  cylinders  nearly  in  the  centre  between  the  two.  The  axles  of  the 
two  rollers  are  so  arranged  that  they  may  be  thrown  out  of  parallelism,  and  thus 
enable  the  machine  to  turn  round  with  a  circle  of  about  five-and-forty  feet  diameter. 
The  whole  machine  weighs  seventeen  tons,  which  is  more  than  double  the  weight 
of  the  largest  roller  heretofore  employed,  and  it  is  said  that  the  economy  amounts 
to  60  per  cent,  as  compared  with  the  old  method. 

Ancient  Paper. — The  Header  says  that  Mr.  Toulmin  Smith,  in  examining  a 
mass  of  rolls  at  the  Record  Office,  dated  1388,  made  the  discovery  that  linen 
paper  was  thus  early  used  in  England.  The  quality  is  peculiar,  and  is  apparently 
an  imitation  of  the  texture  of  vellum.  Mr.  Smith,  who  has  carefully  examined  the 
paper  under  the  microscope,  believes  that  he  has  found  out  the  secret  of  its  manu- 
facture. It  is  as  durable  as  vellum,  and  after  five  hundred  years  of  very  bad  treat- 
ment, it  has  proved  itself  to  be  equally  valuable  for  the  preservation  of  public 
records.  This  discovery  raises  the  question  as  to  the  date  of  the  first  paper 
manufactured  in  England. 

M.  Lessef's  Canal. — A  letter  from  Paris  in  the  Gazette  de  Cologne  says  that 
according  to  communications  from  M.  de  Lesseps,  the  canal  which  is  to  unite  the 
Red  Sea  and  the  Mediterranean  will  be  finished  towards  the  end  of  June,  1868. 
The  contractors,  who  have  undertaken  the  works  for  100  millions,  are  bound  to 
500,000  franks  for  every  month's  delay.  On  the  other  hand,  they  are  to  receive  a 
like  sum  for  every  month  that  the  canal  shall  be  finished  before  the  time  stipulated. 
New  Safety  Light  for  Coal  Mines. — MM.  Dumas  and  Benoit  have  been 
making  some  experiments  in  the  French  collieries  on  the  application  of  electricity  as 
an  illuminating  power  in  "  fiery"  coal  mines.  Voltaic  electricity  has  been  proposed 
on  several  occasions,  as  a  means  of  giving  fight  to  the  collier  in  dangerous  places; 
but,  under  the  ordinary  conditions,  it  has  not  been  found  practicable  to  employ  it. 
Dumas  and  Benoit  propose  to  apply  Rhumkorff's  coil  machine  and  Geissler's  tubes ; 
to  use,  indeed,  those  tubes,  with  their  beautiful  auroral  light,  as  a  miner's  lamp. 
The  tube,  it  is  now  generally  known,  is  filled  with  some  highly  rarefied  gas,  and 
platinum  wires  are  hermetically  sealed  into  the  ends.  When  the  discharges  from  a 
Rhumkorff's  coil  apparatus  are  passed  through  this  tube  it  becomes  filled  with  a  mild 
diffusive  light,  which  lasts  as  long  as  the  discharges  pass  through  the  rarefied  medium. 
This  light  is  unaccompanied  by  heat;  it  cannot,  therefore,  under  any  circumstances, 
explode  the  fire-damp  of  our  coal  mines.  This  new  "  safety  lamp  "  consists  essen- 
tially of  a  cylindrical  zinc  vessel  about  6  inches  high  and  4  inches  in  diameter,  which 
incloses  a  porous  vessel  holding  a  cylinder  of  carbon.  A  solution  of  the  bichromate 
of  potash  is  placed  in  the  porous  cell,  and  dilute  sulphuric  acid  without  it.  This  bat- 
tery is  secured  by  a  wooden  cover,  which  is,  by  means  of  india  rubber  packing,  made 
to  fit  closely.  Then  there  are  a  Rhumkorff's  coil  and  condenser,  and  a  Geissler's  tube. 
This  tube  is  arranged  into  a  conical  coil,  so  that  a  large  surface  of  light  is  secured 
within  a  small  space.  Of  course,  the  objection  to  this  will  be  the  cumbrous 
character  of  the  machine  and  its  adjuncts.  Dumas  and  Benoit  think  they  have 
answered  this  objection  by  the  very  ingenious  arrangement  which  they  have  secured. 
We  are  assured  that  the  weight  of  the  glass  case  does  not  exceed  two  pounds,  and 
that  of  the  other  parts  of  the  apparatus  is  not  more  than  twelve  pounds.  That 
there  are  many  advantages  in  this  electrical  lamp  cannot  be  denied ;  but  we 
doubt  if  so  delicate  a  machine  can  be  intrusted  to  the  hands  of  colliers.  Under  cir- 
cumstances of  danger,  such  a  lamp  as  this  would  prove  of  the  highest  value.  As 
Dumas  and  Benoit  are  making  practical  trials  of  their  "cold  light,"  as  they  call  it, 
we  shall,  if  they  are  successful,  hear  more  of  this  interesting  application.  The 
Institute  of  France  has  given  the  inventors  a  prize  of  1000  francs  for  the 
ingenuity  of  their  plan.  We  understand  that  some  trials  have  been  made  in  the 
Newcastle  collieries.  The  objection  raised  by  the  miners  is,  that  the  light  is  a 
"  glimmer" — not  a  steady  illumination. 

New  Petroleum  Engine. — Mr.  F.  H.  Wenham,  of  Clapham,  has  patented  an 
invention,  which  consists  of  two  pistons  contained  in  a  cylinder  with  open  ends. 
The  first  piston  works  a  crank  by  means  of  a  connecting-rod,  the  second  is  discon- 
nected. During  the  revolution  of  the  crank  the  second  piston  follows  close  to  the 
first  by  atmospheric  pressure  until  near  the  termination  of  the  up  stroke.  They 
then  separate  for  a  short  distance,  at  which  time  a  mixture  of  gas  and  an  explosive 
vapour  is  drawn  in  between  them.  When  the  first  piston  arrives  at  the  end  of  the 
stroke  it  uncovers  a  small  touch-hole,  a  flame  is  drawn  in  through  the  side  of  the 
cylinder,  the  gases  take  fire,  and  by  explosion  drives  the  second  piston  to  the  oppo- 
site end  of  the  cylinder;  here  is  fixed  a  cross-bar,  through  which  the  flat-rod  of  the 
second  piston  passes,  this  is  now  instantly  held  fast  by  two  wedges  driven  into  the 
cross-bar  against  the  flat  sides  of  the  rod ;  this  and  the  wedges  may  be  grooved  to 
increase  the  grip.  A  vacuum  is  formed  between  the  pistons,  and  the  one  connected 
with  the  crank  in  approaching  the  other  by  atmospheric  pressure  causes  the  revolu- 
tion of  the  shaft.  The  piston  before  again  coming  into  contact  drives  the  products 
of  combustion  from  between  them  through  an  outlet  valve  in  the  side  of  the  cylinder. 
The  loose  piston  is  again  released  by  withdrawing  the  wedges,  and  follows  after  the 
other  for  the  succeeding  stroke.  The  next  improvement  is  for  a  means  of  igniting 
the  gaseous  mixture.  A  gas-jet  pours  directly  into  the  touch-hole  in  the  side  of 
the  cylinder.  Surrounding  the  flame  of  the  jet  there  is  a  platinum  coil  to  retain 
heat-  There  is  a  similar  arrangement  round  the  touch-hole,  and  both  coils  remain 
red-hot  whilst  the  engine  is  at  work,  and  prevent  the  flame  from  being  blown  out 
by  the  force  of  the  explosion  through  the  touch-hole.  He  gives  increased  pressure 
and  intensity  to  the  gas  by  means  of  a  small  pump  or  bellows.  A  further  improve- 
ment consists  in  passing  the  gas  or  air  through  naphtha,  petroleum  oil,  or  other 
volatile  liquids,  to  obtain  an  inflammable  vapour.  The  receptable  containing  the 
liquid  may  be  heated  to  assist  vaporisation. 
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APPLICATIONS   FOR 

PEOVISIONAL  PROTECTION  FOR  INVENTIONS 
UNDER  THE  PATENT  LAW  AMENDMENT  ACT. 

|^"  When  the  city  or  town  is  not  mentioned,  London  is  to  be  understood. 
30th  January,  1S65. 
John  M'Innes,  Liverpool— Metallic  anti-corrosive  varnish 
George  Da  vies,  Lincoln's  Inn. — Steam  engines — A  com. 
William  Teall.  Wakefield,  and   Abraham  Nay  lor,  Bradford— Extracting   greasy 

waste  of  fibrous  substances 
John  Gibson,  Sunderland — Lifting  and  lowering  weights 

F.  A.  Laurent,  and  John  Casthelaz.  Paris — Benzoic  acid 
George  Carter,  Eltham  Lodge — Construction  of  caps  for  chimneys 
C.  H.  Russel,  Lincoln's  Inn,  and  Joseph  Needham,  Piccadilly— Breech-loading  guns 
R.  A.  Brooman,  Fleet  Street— Shades  or  globes  for  lamps.— A  com. 

31st  January,  1S65. 
M.  Cartwright.  Covent  Garden — Means  for  giving  alarm  in  case  of  fire 
J.  W.  Gill,  Middlesex— Clothes  fastener 

R.  A.  Brooman,  Fleet  Street — Tramways,  in  laying  electric  telegraph  wires. — A  com. 
W.  H.  Cox,  Bermondsey — Tanning  hides 
Michael  Henry,  Fleet  Street — Propelling  on  land. — A  com. 
T.  Hall,  Stockport,  and  S.  Bonser,  Stockport — Mechanism    for  giving  continuous 

revolving  motion  of  different  velocities  without  the  use  of  change  wheels 
Joseph  Fletcher,  Droylesden,  and  Daniel  Hamer,  Manchester — Hydro-electricity 
E.  P.  Colqnhoun,  and  J.  P.  Ferris,  Cannon  Street — Condensation  of  steam 

E.  P.  Colquhonn,  and  J.  P.  Ferris,  Cannon  Street — Permanent  way  of  railways 
1st  February,  1865. 

James  Meakin,  Hanley — Placing  china  in  saggers 

John  Gray,  Uddingston — Scutching  flax 

Arthur  Freeman,  Manchester — Folding  fabrics 

John  Sainty,  Burnham  Market— Lever  horse  shoes 

W.  E.  Gedge,  Strand — Portable  folding  arm-chair. — A  com. 

John  M'NaugLt,  and  William  M'Naught,  Rochdale— Washing  and  drying  wool. 

G.  J.  Vertue,  Weymouth — Manufacture  of  oil  cake 
Joseph  Roper,  Birmingham — Corkscrews 
John  Mors  y,  Leytonstone — Coating  the  bottoms  of  ships 
G.  H.  Pierce,  Meavy — Socket  for  pipes 

John  Hughes,  Millwall — Construction  of  armour-plated  ships 
C-  A.  Wheeler,  Wilts— Netting  for  protecting  wall  fruit  trees 

2nd  February,  1S65. 
A-  S.  Stocker,  Wolverhampton — Reflectors 
J.  W.  Gray,  Peckham — Communication  on  railway  trains 
Edwin  Whittaker,  Hurst — Signalling  in  railway  carriages 
Andrew  Murray,  Foundling— Manufacture  of  boots  and  shoes 
Charles  Lungley,  Deptford — Armour-plated  ships 
John  Maynes.  Manchester — Looms  for  weaving 
James  Ball,  Sheffield — Manufacture  of  sheep  shears 
J.  H.Johnson,  London — Manufacture  of  ordnance.-— A  com. 
J.  S.  Jeffreys,  riccadilly — Armour-plated  ships 
Thomas  Routledge,  Sunderland — Treating  spent  leys 

3rd  February,  1S65. 
William  Vale,  Birmingham — Improvements  in  the  manufacture  of  pencil  cases 
Thomas  Joyce,  Birmingham — Fire-arras 

George  Hum  and  Daniel  Hum,  Norwich — Manufacture  of  driving  hands 
B.  L.  Mosely,  Sheffield— Improved  tooth  powder 

William  Bartram,  Sheffield — Self-adjusting  lever  charger  for  fire-arms 
Matrhew  Blank,  Carlton — Working  ships'  pumps 
William  Clark,  Chancery  Lane — Sewing  machines. — A  com. 
John  Westerby,  Mold  Green — Preventing  the  explosion  of  steam  boilers 

4th  February,  1865. 
J.  R.  Webb,  Hibemia  Chambers — Extract  of  hops. — A  com. 
Frederic  Row,  Colchester — Manufacture  of  citric  and  tartaric  acids 
James  Park,  Brompton — Clarionets 
6.  W.  Wood,  Cornwall — Revolving  fire-arms 
J.  A.  Phillips,  Kensington — Purification  of  lead 

F.  C.  Hills,  Deptford — Effecing  the  combustion  of  fuel  in  the  furnaces  of  steam  boilers 
R.  S.  Baker,  Hargrave — Vermin  traps 
Edonard  Hottin,  Paris — Rendering  uninflammable  cotton 
William  Clark,  Chancery  Lane — Improved  combustion  pump. — A  com. 
R.  A.  Brooman,  Fleet  Street — Varnish  for  preserving  wood. — A  com. 
J.  L.  Hancock,  Goswell  Road — Cushions  for  billiard  tables 
A.  H.  Robinson,  Dublin—  Improvements  in  air  cushions 
Robert  Richardson,  Westminster — Railway  chairs 
R.  M.  Alioway,  Strand— Treating  peat  for  fuel 
W.  E.  Newton,  Chancery  Lane— Superphosphate  of  lime. — A  com. 

6th  February,  1865. 
C  R.  Markham,  Eccleston  Square — Regulating  momentum  of  heavy  bodies — A  com, 
Jabez  Booth,  Hyde  Road — Manufacture  of  paper  hangings 
E.  Williams  an;i  T.  Williams,  Victoria  Mills — Spinning  mules  and  throstles 
W.  H.  Latham  and  C.  W.  Latham,  Bolton — Cutting  the  edges  of  books 
It.  A.  Brooman,  Fleet  Street — Hair-pins 
Robert  Shaw,  Attercliffe — Window  safes 

George  Duncan,  Liverpool — Machinery  for  forming  certain  parts  of  metallic  casks 
Alexander  Steven,  Glasgow— Hydraulic  lifting 
William  Cockburn,  Paisley — Jacquard  apparatus  for  weaving 
A.  A.  Hulot,  Paris — A  new  typographic  ink 
J.  I.  Watts,  Keevil— Obtaining  motive  power 

Charles  Beard,  Bnry  St.  Edmunds — Apparatus  for  ventilating  horticultural  buildings 
W.  P.  Wilkins,  Ipswich — Mills  for  grinding  wheat 

1th  February,  1865- 
Henry  Masters,  Bristol— Sewing  machines 

Con>tantine  Henderson.  Westminster— Construction  of  roadways 
H.  B.  Barlow,  Manchester—  Machinery  for  breaking  the  stems  of  flax.— A  com. 
Raymond  Brassens,  Bordeaux,  and  F.  A.  Le  Mat,  Paris— Ships  and  vessels. 
Charles  Lungley,  Deptford— Steam-engines 
A.  1.  L.  Gordon,  Hyde  Park — Candlesticks 

John  C'<rne-s  Ilford.and  William  Simpson,  Roshervi  lie — Machinery  for  cuttingstraw 
Charles  Kilburn,  Richmond — Construction  of  life  belts 
Romain  De  Bray,  Rennes — Set  of  apparatus  for  the  gas-lighting 
J.  B.  Walters,  Maidstone — Apparatus  for  brushing  the  hair 
William  Sim,  Glasgow — Extracting  gases  from  mineral  oils 
John  Lake,  Devonport — Steam  generators 
Raphael  Brandon,  Regent  Street— Cannon  shot  and  shells 
A.  A.  Larmuth,  Salford — Healds  for  luorns 

W.  E.  Hfewton,  Chancery  Lane— Apparatus  for  separating  grain. — A  com. 
George  Twigg,  Birmingham — Fastenings  for  slay  busks 
S.  E.  Rosser,  Dorset  Street — Ventilation  of  pressing  irons 


259 
260 
261 

262 
263 
2^4 
265 


267 
263 
269 
27" 
271 
272 

273 
274 
275 

276 
277 
273 
279 
2S0 
231 
2-2 
2S3 
2S4 
2=3 
2t6 
2=7 

S88 

289 
290 
£91 
?92 
293 
294 


29S 
299 
300 
301 
302 
303 
304 
305 

306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
31a 
319 
320 

321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 


334 
335 
336 
337 
33S 
339 
340 
341 
342 
313 
344 
345 
346 
347 
MS 

350 


8t/;  February,  1865. 

351  Charles  Field,  Red  Lion  Square— Lacing  ladies'  stays 

352  W.  E.  Wiley,  Birmingham— Pencil-holders 

353  R.  C.  Thorp'and  P.  Young,  Barnsley—  Miners'  safety  lamp 

354  Jules  Desmontils,  Paris — Manufacture  of  grease  for  lubricating  purposes 

355  Julius  Singer,  Watling  Street— Garments  for  ladies 

356  William  Anderson.  Dublin— Improved  mode  of  making  metal  pipes 

357  A.  W.  Banks,  Newgate  Street — Signals 

358  Edward  Lindner,  Vienna — Fire-arms 

359  George  Elliot,  Betley  Hall,  and  Henry  Coxon,  Sunderland— discharging  ships'  cargo 

360  R.  A.  Brooman,  Fleet  Street — Manufacture  of  wire  netting.— A  com. 

361  William  Staats,  Cannon  Street,  West  -Skirt  borderings  and  linings. — A  com. 

9th  February,  1865. 
W.  A.  Marshall,  Leadeuhall  Street— Insulating  telegraphic  wire. — A  com. 
J.  C.  C.  Halkett,  Mid-Lothian — Protecting  wooden  surfaces  from  fouling  in  sea-water 
John  Chubb,  St  Paul's  Churchyard— Iron  safes 
Moses  Bier,  Great  Tower  Street — Propelling  boats 
Richard  Winder,  Abingdon  Street — Mode  of  ploughing 
Milo  Peck,  New  Haven — Manufacture  of  patched  balls  for  fire-arms 
J.  P.  Lindsay,  New  Haven — Locks  for  fire-arms 

G.  E.  Meek,  Fleet  Street,  and  W.  H.  Howes.  Shoreditch— Fastenings  for  doors 
A.  V.  Newton,  Chancery  Lane — Sewing  machines. — A  com. 
John  Dale,  Manchester — Pigments 

10th  February,  1S65. 
Alfred  Krupp,  Essen— Breech-loading  ordnance 
Charles  Lingard,  Sheffield — Manufacture  of  scissors 
Evan  Leigh.  Manchester — Furnaces  for  smelting  iron  ores 
John  Ramsbottom, Crewe — Machinery  for  rolling  iron 
Ed«ard  Lord,  Todmorden — Machinery  for  spinning  cotton 
R.  G.  Hazard,  United  States — Looms  for  weaving 
A.  C.  Edwards,  Middlesex — Signalling  in  railway  trains. 
H.  W.  Hart,  Strand— Affixing  postage  stamps  and  labels 
W.  E.  Newton,  Chancery  Lane — Formation  of  embankments. — A  com. 
George  Coles,  Gresham  Street  West,  J.  A.  Jaques  and  J.  A.  FantJiawe,  Tottenham 

— Boots  and  shoes. 
Henry  Emanuel,  Saiut  Paul's  Churchyard— Improvements  in  boxing  gloves. 

11th  February,  1S65. 
Jacob  Schneubr,  St.  Petersburg — Apparatus  for  counting  coins  for  money 

D.  H.  Barber,  Cambridge — Improvements  in  reaping  machines 
G.  C.  Haseler  and  J.  B.  Haseler,  Birmingham — Brooches 
John  Porter  and  James  Porter,  Boston — "Porter's  permanent  stay." 
Charles  Atherton  and  A.  H.  Renton,  Westminster — Improvements  in  buoys 
Joseph  Hall,  Nottingham — Manufacture  of  oil  for  the  use  of  machinery 
T.  A.  Verkruzen  and  M.  A.  Verkruzen,  Hatton  Garden — An  improved  winder 
Andrew  M'Laren,  Upper  Thames  Street — Apparatus  for  heating  water 
William  Crookes,  Fleet  Street— Extracting  gold  and  silver  from  their  ores 
Charles  West,  Kennington  Park — Apparatus  for  giving  alarms 

E.  H.  Newby,  Cheapside — Case-hardening  iron 

E,  J.  Hill,  Ferryside — Pen  and  pencil  holders 
John  Cass,  Accrington — Improvements  in  furnaces 

A.  V.  Newton,  Chancery  Lane — Construction  of  single-thread  sewing  machines 
H.  H.  Grierson,  Manchester— Cupolas  and  blast  furnaces 
P.  A.  Fontaine-Moreau — Manufacture  of  caoutchouc. — A  com. 

13£/i  February,  1865. 
David  Barr,  Cherry  Street,  W.  H.  Page,  Lord  Street,  and  C.  J.  Newey,  Briarley 

Street — A  machine  for  making  collars 
H.  M.  Kennard,  Crumlin — Machinery  for  rivetting 
R.  W.  Thomson,  Edinburgh — Steam  boilers 
L.  H.  G.  Ehrhardt,  Bayswftter — Gunpowder 

J.  A.  Pastorelly,  Marseilles— Extracting  turpentine  from  resinous  wood 
William  Adams.  Bow — Bogie  trucks 
J.  G.  Tongue,  Chancery  Lane — Paddle  wheels. — A  com. 

F.  C.  Vannet,  Paris — Manufacture  of  penholders 
E.  B.  Wilson,  Glasgow— Fire  places 

E.  J.  C.  Welch,  HaiTOw— Supplying  air  to  hydrocarbon  burners 
W.  E.  Newton,  Chancery  Lane — Manufacture  of  sheet  iron. — A  com. 

14th  February,  1S65. 
James  Gresham,  Manchester — Apparatus  for  feeding  steam  boilers 
H.  J.  Walduck  and  Edward  Barton,  Manchester— Furnaces  for  smelting  ores 
W.  B.  Newberry,  Boston — Manufacture  of  files. — A  com. 
George  Harton,  Middlesex — Improvements  in  waterproofing  skins 
W.  C.  Hine,  Swineshead — Stoppering  bottles 

W.  F.  Batho,  Birmingham — Improvements  in  expansion  gear  for  steam  engines 
R.  J.  Jones,  Blue  Pits,  near  Rochdale — System  of  manufacturing  clog  soles 
George  Whitton,  Kingston-upon-Hull—  Hydraulic  presses 
Alfred  Fryer,  Manchester — Evaporating  saccharine  solutions 
E.  H.  Newby,  Cheapside — Manufacture  of  cast  iron. — A  com. 
John  Trotman,  Coruhill — Mooring  anchors 
J.  von  der  Poppeuberg,  Birmingham — Fire-arms 

George  Homfray,  Whitley  Lodge— Mode  of  making  the  links  of  steel  chains 
R.  P.  Barret,  Middlesex — New  combined  garment 
James  Purdey,  Oxford  Street — Fire-arms 
Benjamin  Thompson,  Birmingham — Fire-arms. — A  com. 
Benjamin  Thompson,  Birmingham — Improvements  in  cartridges.— A  com. 


15tft  February,  1S65. 
S.  It.  Freeman,  Manchester,  and  A.  Grundy,  Rusholme — Improved  blowing  apparatu 
W.  A.  Hackett,  Cork — Improvement  in  fish  hooks 

W.  C.  Ridings,  Middleton — Protector  for  the  needles  used  in  jacquard  machines 
A.  V.  Newton,  Chancery  Lane — Sewing  machines. — A  com. 
W.  H.  Brown,  Sheffield-Cast  steel  chains 

Michael  Lane.  Paddington — Apparatus  for  working  railway  switches 
Charles  Lungley,  Deptford— Ventilating  blinds 

D.  C.  Pierce,  New  York— Improvements  in  railway  rails 

F.  J.  Emeiy,  Cobridge — Ornamenting  china 

G.  T.  llumphris,  Walton-on-Thames — Improvements  in  pumps 
R.  H.  Emerson,  Dublin — An  invalid  or  siphon  drinking  cup 

G.  T.  Bousfield,  Brixton — Armour-plated  ships. — A  com. 

Alexander  Clark,  Lincolu'6  Inn  Fields — Improvements  in  fire-proof  safes 

16th  February,  1865. 
W.  E.  Gedge,  Strand — Improved  manufacture  of  barege  stuffs. — A  com. 
William  Kirrage,  Victoria  Park — Manufacture  of  artificial  stone 
R.  A.  Brooman,  Fleet  Street— Manufacture  of  boots  and  shoes. — A  com. 

E.  It.  Wilson,  Glasgow — Improvements  in  furnaces 

H.  J.  Picard,  Keyworth— Improved  machine  for  clearing  and  sweeping  streets 

H.  C.  Cleaver  and  Joseph  Cleaver,  Nottingham — Fog  signals 

C   O.  Staunton,  Chelsea — Apparatus  for  lifting  casks  containing  liquids 

W.  E.  Newtou,  Chancery  Laue-  Apparatus  for  distilling  petroleum.—  A  com. 

J.  F.  Hearsey,  Bromptim  — Measuring  liquids. — A  com. 

F.  A.  Laurent,  John  Cathelaz,  Nicolas  Basset,  Paris — Manufacture  of  oxalic  acid 
Joseph  Thompson,  Surrey— Improvements  in  s:ifes 

Richard  Smith,  North  Pentonville — Treating  sewage 
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17th  February,  18G5. 

452  Richard  Hill  and  Robert  Tushingham,  Garston—  Manufacture  of  bricks 

453  W.  E.  Gedge,  Strand— Manufacture  of  articles  in  pottery.— A  com. 

454  Coleman  Defries,  London— Means  of  securing  the  safety  of  railway  passengers 

455  John  Brown,  Sheffield— Improvements  in  armour  plates  for  vessels  of  war 

456  J.  O.  Christian,  Manchester,  and  J.  and  II.  Charlton,  Strangeways— Magnesium 

457  William  Clark,  Chancery  Lane -Improvements  in  shifting  wrenches.— A  com. 

458  J.  B.  Brown,  Cannon  Street— Improvements  in  lawn-mowing  machines 

459  James  Ferguson,  Langham  Place— Improvements  in  iron  sates 

460  C.  F.  Claus,  Fearnhead— Improvements  in  obtaining  sulphates  of  potash 

XQth  February,  1865. 

461  T.  P.  Tregaskis.  Perran-ar-Worthall—  Overbalancing  weights 

462  P.  E.  Bidaux,  Paris— Clocks.— A  com. 

4(13  Emile  Carchon,  Paris— Dyeing  herbs  and  straw 

464  J.  J.  Chidlev,  Hackney— Method  of  stopping  bottles 

465  C.  Brakell,  W.  lloehl,  and  W.  Giinther,  Oldham— Substitute  for  leather 

466  Thomas  Ogden,  Cliff  Mound— Lubricating  cylinders  of  '  tapeing'  machines 

467  R.  A,  Brooman,  Fleet  Street— Improvements  in  filters.— A  com. 

468  J.  G.  Jones,  Newport— Improvements  in  beam  engines 

469  James  Graham,  Manchester  Road,  Warrington— Coating  iron  with  zinc 

470  William  Robinson,  Watling  Street— Manufacture  of  iron 

471  C.  D.  Barge  and  Alexander  Herman t,  Paris — Improvements  in  waterproof  coats 

472  L.  W.  G.Rowe,  Brunswick  Square,  and  Adolphe  Baab:  Hampstead  Road— Indicating 

apparatus  for  the  protection  of  railway  passengers 

473  J.  G.  N.  Alleyne,  Alfreton— Improvements  in  puddling  furnaces 

20th  February,  1865. 

474  G.  H.  II.  Ware,  Tun  bridge  Wells— Shifting  points  on  railways 

475  Henry  Percy,  Bawtry— Improvements  in  sewing  machines 

476  Andrew  Sharp,  Glasgow— Construction  of  bedsteads 

477  W.  E.  Gedge,  Strand— Chemical  combustible  substance.— A  com. 

478  J.  Cliff,  Wortley— Improvement  in  the  utilization  of  the  waste  gases  of  blastfurnaces 

479  J.  D.  Nichol,  Edinburgh— Apparatus  for  folding  envelopes 

21st  February,  1865. 

480  C  W.  Homer,  Dukinfleld— Machinery  for  pressing  bricks 

481  Robert  Willison,  Alloa— Improvements  in  mashing  machines 

482  William  HitcJiin,  Birmingham— Improvements  in  sash  fasteners 

483  J.  H.  Johnson,  London— Machinery  for  kneading  dough.— A  com. 

484  Charles  Baulch,  Bristol— Machinery  for  sewing  leather 

485  J.  R.  Swann,  Edinburgh— Improvements  in  steam  engines 

486  W.  E.  Newton,  Chancery  Lane— Extracting  liquid  from  solid  substances,— A  com. 

22nd  Felrruary,  1865- 

487  Eugenio  Jesurum,  Gresham  Street— Machinery  for  stopping  railway  trains.— A  com- 

488  C.  V.  Walker,  Surrey,  and  A.  O.  Walker,  Florence  Road— Railway  signalling 

489  John  Keighley  and  Richard  Shephard,  Bradford— Improvements  in  circular  box  looms 

490  James  Mallison,  Halliwell— Treating  yarns 

4'.tl  Isaac  Pariente,  Manchester— Improvements  in  scarfs.— A  com. 

492  R.  A.  Brooman,  Fleet  Street— Improved  mercuro-hydraulic  motor.— A  com. 

493  Jasrer  Hullev,  Macclesfield— Improvements  in  boilers  for  heating  water 

494  J.  Dodgeon,  Burnley,  J.  Gaukroger,  Hebden  Bridge,  and  W.  Shackleton,  Todmorden 

— Looms 

495  H.  P.  Ribton,  Kingstown— Improved  fastener  for  envelopes 

49H  W.  E.  Newton,  Chancery  Lane— Improved  balance  slide  valve.--A  com. 

497  T.  G.  Webb,  Manchester— Manufacture  of  ornamented  articles  of  glass 

498  John  Carter,  Prince  of  Wales'  Road— Apparatus  for  ventilating  hats 

499  G.  N.  Shore,  Lyme  Regis—Improvements  in  iron  safes 

500  James  Nicholas,  Aspull— Improvements  in  producing  oil  from  coal 

501  M.  P.  W.  Bonlton,  Tew  Park-Obtaining  motive  power 

502  David  Barr,  Birmingham— Improvements  in  machinery  for  dressing  fruit 

23rd  February,  1865. 
501  Aaron  Barker,  Millgate— Improvements  in  looms  for  weaving 
504  Godfrey  Sinclair,  Edinburgh— Signalling  in  railway  trains 
60S  William  Westbury  and  Thomas  Wathen,  Birmingham— Suspending  articles 
506  W.  H.  Auhin,  Wolverhampton— Fire-arms 

607  Samuel  Whitfield.  Birmingham— Improvements  in  locks  for  safes 
508  W.  S.  Mappin,  Birmingham— Improvements  in  the  manufacture  of  safes 
f,09  George  llaseltine,  Chancery  Lane— Improvements  in  naval  ships.— A  com. 
510  J.  G.  Hughes,  Strand— An  improved  screw  propeller.— A  com. 
611  Samuel  Saville,  Bradford— Improvements  in  separating  wool  from  refuse 

512  W.  E.  Newton,  Chancery  Lane— Artificial  manures.— A  com. 

513  William  Rowe,  Plymouth—  Buffers  for  railway  carriages 

514  II.  K.  Taylor,  Bafh— Protecting  bullion  in  safes 

515  Adolph  Meyer  and  Moritz  Meyer,  Liverpool— Explosive  compounds.— A  com. 

2\th  February,  1865. 

516  Joseph  Jacob  and  Rudolph  Pilzinger,  Dudley— Generating  heat 

517  W.  E.  Gedge,  Strand— Apparatus  for  shearing  all  sorts  of  woollen  fabrics.— A  com. 
5(8  C.  W.  Lancaster,  New  Bond  Street— Cartridges 

519  II.  E.  Clifton  and  Saul  Myers  and  Abraham  Hoffnung,  Liverpool— Fire-arms 

520  J.  K.  Donald,  Glasgow— Improvements  in  the  permanent  way  of  railways 
621  William  Oram,  Salford— Hydraulic  pumps 

522  James  Howard,  Bedford— Improvements  in  steam  engines,  applicable  to  ploughing 
6  '3  S.  W.  Worssam,  Chelsea—  Improvements  in  machinery  for  sawing  wood 

524  John  Sbortridge,  Sheffield— Making  of  chain  cables  of  iron 

5  5  ('.  J.  Rowe,  Maldon  Road,  Haverstock  Hill— Improvements  in  invalid  or  bed  tables 
626  James  Hnndv,  Birmingham— Improved  instrument  or  apparatus  for  raising  weights 
527  William  Winter,  Leeds— Improvements  in  sewing  machines 

523  James  Nicholas,  Aspull— Improvements  in  converting  coal  oil  into  gas 
529  James  Bndeock,  Aldersgate  Street— Improvements  in  crinoline  skirts 

v.  i;,.  r_r  Sere.  Clarendon  Gardens— Signalling  in  railway  trains 
5  tl  E.  P.  II.  Gomlouin,  Paris— Improvements  in  cotton  gins.— A  com. 

2oth  February,  1865. 

532  Thomas  Rontledgc,  Sunderland,  and  Thomas  Richardson,  Newcastle-upon-Tyne— 

Treatment  of  certain  products  obtained  in  the  manufacture  of  paper 

533  J.  H.  Rawlins  and  Joseph  Cbappell,  Wrexham— Manufacture  of  paper 
.7'4  Frederic  Claudet,  Coleman  Street— Preparation  of  iron  ores 

535  James  Starlev,  Coventrv— Improvements  in  sewing  machines 

536  T.  Dronsficld,  T.  Edwin' Jones,  and  J   Ashton,  Oldham— Measuring  woven  fabrics 
517  John  Askew,  Hampstead  Road— Vehicle  for  teaching  children  to  walk 

638  P.  A.  Moreau,  Paris  and  London— Improvements  in  the  treatment  of  madder.  -A  com. 
539  William  Calvert.  Leeds— Improvements  in  signalling  on  railways 
640  E.  H.  Kldredge,  Boston— A  magazine  repeating  rifle.— A  com. 

541  Ralph  Smith,  Hampton  Court— Improvements  in  harmoniums 

27th  February,  1865. 

542  Charles  Whiting,  Lewisham— Improved  portable  frames  for  tables 

543  W.  II.  Tucker,  Strand— Improvements  in  fire  and  thief  proof  safes 

544  H.  II.  Ilenson,  Westminster — Improvements  in  railway  chairs 

545  Ferdinand  Dancart,  Faris — Bell  alarms  for  railway  trains 

64fi  G.  K.  Geyeliu,  South  Hackney— Improvement  in  aii-tight  jars  for  preserving  eggs 

647  Coniyn  Ching,  Upper  St.  Martin's  Lane — Improved  fluid  valve 

648  M.  B.  Nairn,  Kirkcaldy— Improvements  in  the  manufacture  of  floor  Cloths 
549  William  Sim,  Glasgow— Extracting  gases  from  mineral  oils 


550  T.  W.  Uoys  and  G.  A.  Lilliendahl,  New  York— Rocket  guns  and  harpoons 

551  Robert.  Barclay,  Kilmarnock — Improvements  in  sewing  machines 

552  R.  A.  Brooman,  Fleet  Street — A  combined  key  and  weapon  of  defence. — A  com. 
653  John  Blackie,  Woolwich— Improvements  in  signalling  apparatus. — A  com. 

554  G.  Haseltine,  Chancery  Lane — Improvements  in  the  manufacture  of  mirrors. — A  com. 

555  G.  T.  Ellwick,  Phcenix  Place — Improvements  in  machinery  for  baking  biscuits 

28(ft  February,  1865. 

556  S.  S.  Gray,  Boston — Improvements  in  paper  collars  for  ladies  and  gentlemen 

557  Mark  Mascn,  Manchester — Improvements  in  apparatus  for  cutting  paper 

558  George  Lauder,  Glasgow — Improvements  in  machineiy  for  mining  cnal. — A  coin. 

559  J.  M.  Hart,  Cheapside — Improvements  in  the  construction  of  doors  of  safes 

560  Arthur  Davy,  Sheffield — Spring  knives 

561  William  Clark,  Chancery  Lane — Decorticating  grain. — A  com. 

562  W.  B.  Dalston,  Pittsburgh — Atmospheric  pressure  lamp  for  the  burning  of  paraffin 

563  David  Chalmers.  Glasgow— Improvements  in  the  manufacture  of  textile  fabrics 

564  John  Fordred,  Blackheath — Improvements  in  treating  hydro-carbon  oils 

565  G.  Weigmann,  Moorgate  Street — Improvements  in  dies  for  cutting  screws.— A  com. 

566  James  Hartshorn  and  AVilliam  Uedgate,  Nottingham — Manufacturing  lace 

567  Sydney  Whiting,  Maida  Hill  West — Shop  counters 

568  T.  S.  Hall,  Truro — Improvements  in  gas  burners 

1st  March,  1865. 
669  J.  B.  Touissant,  Paris — Improvements  in  gaiters 

570  Samuel  Whitfield,  Birmingham— Improvements  in  locks  for  fastening  doors 

571  James  Young,  Manchester—  Improvements  in  distilling  bituminous  substances 

572  G.  H.  Barth,  York  Road — Improvements  in  condensation  of  vapours  and  liuids 

573  William  Holiday,  Bradford— Blocking  the  tyres  of  wheels. 

574  C.  J.  Falkman,  St.  Petersburgh — Distilling  and  storing  spirituous  liquors 

575  Moses  Bayliss,  Wolverhampton — Pointing  railway  spikes 

576  Nicholas  Henwood,  Tideford — Improvements  in  reaping  machinery 

577  John  Dodd,  Oldham — Improvements  in  mules  for  spinning  and  doubling 

578  W.  E.  Kochs,  Cannon  Row — Beams  applicable  to  building  of  bridges 

579  A.  T.  Godfrey,  Barusbury — Improvements  in  musical  instruments 

2nd  March,  1865 
5S0  Thomas  Horton.  Salop,  and  D.  S.  Price,  Westminster — Smelting  of  iron 

581  James  Park.  Bury — Manufacture  of  paper 

582  J.  M.  H«therin-ton,  Manchester — Joints  of  steam  generators 

583  Samuel  Erooks,  West  Gorton — Certain  improvements  applicable  to  looms  for  weaving 
.584  Samuel  Hupkinson  and  Edwin  Hopkinson,  Bradford — Smoke-consuming  apparatus 
585  Samuel  Chatwood,  Bolton — Improvements  in  the  manufacture  of  safes 

5S6  John  Kirkland,  Liverpool — Indicating  the  number  of  passengers  carried  in  omnibuses 

587  David  Hartley,  Oldham — Casting  metallic  pipes 

588  W.  S.  Thomson,  Paris — Improvements  in  covered  steel  for  crinoline  skirts. — A  com 

589  Peter  Roth  well,  Denton — Prevening  horses  from  running  away 

590  W.  E.  Newton,  Chancery  Lane — Impregnating  wood  with  chemical  solutions 

591  Charles  Rahn,  Brook  Street — An  improved  instrument  for  concentrating  light 

592  Robert  Johnson,  Waterloo  Place — Improvements  in  constructing  strained  wire  fences 

593  J.  M.  Dunlop,  Manchester — Improvements  in  carding  engines 

594  Wm.  Clark,  Chancery  Lane — Improvements  in  the  manufacture  of  buttons— A  com. 

595  C.  L.  Roberts,  John  Street — An  improvement  in  cigars 

3rd  March,  1865. 

596  W.  R.  Bowditch,  Wakefield — Preparation  of  hydro-carbons  for  cavbnrretting  gas 

597  David  Manwell  and  James  Manwell,  Glasgow — Improvements  in  driving  piles 

598  Sir  J.  S.  Lillie,  Pall  Mall — Propulsion  by  atmospheric  pressure 

599  R.  A.  Brooman,  Fleet  Street — Refining  sugar. — A  com. 

600  James  Spence,  Liverpool — Operating  engineers'  and  carpenters'  tools. — A  com. 

Ath  March,  1865. 
Gni  II.  E.  Cliton  and  Abraham.  Hoffnung,  Liverpool— Sewing  machines 

602  Luke  Thomas,  Dawson  Flace,  Bayswater — Propellers 

603  H.  A.  Bonneville,  Paris— Drying  apparatus. — A  com. 

604  II.  A.  Bonneville,  Paris— Rinsing  and  drying  by  centrifugal  force. — A  com. 

605  H.  A.  Bonneville,  Paris — Improvements  in  washing  machines.— A  coin. 

606  J.  H.  Johnson,  London— Improvements  in  stopping  bottles. — A  com. 

607  J.  H.  Johnson,  London — Steam  generators. —  A  com. 

60S  Henry  Ta\  lor,  Nottingham — Manufacture  of  lace  made  on  bobbin  lace  machines 

609  Daniel  Morris,  Haslin^den,  Joseph  Morris,  Ramsbottom,  and  James  Morris,  lla.sling- 

den — Coupling  and  uncoupling  railway  waggons 

610  L.  Cottam,  Winsley  Street — Fitting  sliding  partitions  in  stables 

61 1  R.  A.  Brooman,  Fleet  Street — Obtaining  motive  power  from  ammoniacal  gas. — A  com. 

612  Wiliam  CIulow,  Sheffield— Improvements  in  the  manufacture  of  sheep  shears 

613  Edward  Humphreys,  Deptford — Improvements  in  conbining  marine  steam  boilers 

614  Joseph  Whitley,  Leeds — Improvements  in  casting  steel  railway  wheel  tyres 

615  W.  E.  Newton,  Chancery  Lane— Putting  up  tobacco  for  smoking. — A  com. 

616  Thomas  Turton,  Sheffield— Machine  for  shaping  file  '  blanks.' 

617  Abraham  Akeroyd,  Bradford— Process  apparatus  for  dyeing  cotton 

618  Edwin  Pettit,  Birmingham — Photographic  pictures 

6th  March,  1865. 

619  C.  F.  Varlcy,  Beckenham— The  protection  of  houses  from  burglars 

620  R.  A.  Brooman,  Fleet  Street — Improvements  in  pumps. — A  com. 

621  Samuel  Phillips  and  Joseph  Groves,  Birmingham—  Improvements  in  safes 

622  Samael  Smith  and  William  Smith,  Keighley— Machinery  for  combing  wool 

623  T.  S.  Sperry,  New  York— Covered  springs  for  clothing 

624  Francis  Cruickshank,  Edinburgh — Coatings  for  iron  ships 

625  Thomas  Craig  and  David  Carlow,  Glasgow— Improvements  in  numbering  machines 

626  W.  J.  Oliver,  Manchester— Buffer  springs  of  railway  carriages 

627  Andrew  Potts,  Cappagh— Machinery  for  scutching  flax 

628  William  Riddle.  South  Lambeth— Improvements  in  hooping  bales 

629  Thomas  Nicholson.  Gateshead— Apparatus  for  making  caustic  liquor 

630  George  Nimmo,  Jersey —Manufacture  of  crucibles 

631  William  Clark,  Chancery  Lane —  Preparing  hides  for  tanning.— A  coin. 

7th  March,  1S65. 

632  William  Bunger,  Southampton  Buildings— Grain.— A  com. 

633  E-.  W.  Young,  Blandford  Place— Bridges 

634  R.  A.  Brooman,  Fleet  Street— Tubular  boilers.— A  com. 

635  J.  H.  Wilson,  Hnddersfield—  Measuring  the  human  body 

636  Loftus  Perkins,  Francis  Street— Atmospheric  air 

637  A.  E.  A.  Aubert  and  G.  E.  M.  Gerard,  Paris— Shoes 


DESIGNS  FOR  ARTICLES  OF  UTILITY. 

Registered  from  llth  March  to  15th  April,  1865. 

John,  Charles,  and  John  Field,  Surrey— "  Field's  Lighting  Wick." 

W.  Tonks  &  Son,  Birmingham — "  Arm  of  Mantelpiece  Fire  Screen.'1 

R.  Evered  &  Son,  Birmingham— "Self-regulating  Rack  Bracket." 

Gustavus  Boehm,  3  Aldermanbnry— "Odorator." 

H.  Crichley  &  Co.,  Birmingham — ''  Stove  Grate." 

W.  Tonks  &  Sons,  Birmingham— "Table  Fastener." 

C  Bevan,  66  Margaret  Street— "Mediaeval  Reclining  Chair." 
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RECENT   IMPROVEMENTS   IN   TUNNELLING. 
HISTORY    OF    THE    MONT    CENIS   APPARATUS. 

THE    LATE    MR.    THOMAS    BARTLETT'S    CLAIMS. 

To  have  been  the  first  to  have  inaugurated  a  practically  successful 
system  of  apparatus,  whereby  the  rains  of  heaven  dripping  from  the 
tianks  of  Alpine  peaks  shall  have  been  made  obedient  to  the  task  of 
penetrating  through  the  bowels  of  the  monarch  range  of  European 
mountains,  and  letting  the  sunlight  of  the  south  for  the  first  time 
pierce  through  the  greatest  tunnel  ever  made,  is  a  distinction  so  proud 
and  eminent,  that  it  may  well  have  been  coveted. 

Commonly,  and  up  to  a  very  late  period,  the  honours  of  this  achieve- 
ment have  been  more  than  popularly  enjoyed  by  Messrs.  Sommeiller, 
Grandis,  &  Grattoni,  as  well  as  the  more  solid  pudding  that  has  come 
of  their  connection  professionally  as  engineers,  &c,  with  the  Mont 
Ceuis  Tunnel.  Although,  abroad,  some  mutterings  had  been  heard  of 
the  ideas  of  others  appropriated  without  acknowledgment,  in  England, 
until  the  reading  of  Mr.  Sopwith's  paper  at  the  Institution  of  Civil 
Engineers  brought  the  subject  on  the  tapis,  the  claims  of  one  of  our  own 
countrymen,  disregarded  in  the  same  but  in  a  still  more  unjustifiable 
way,  had  scarcely  become  known  beyond  a  narrow  circle  of  friends  of 
the  gentleman  chiefly  concerned ;  and  the  English  public  knew  nothing 
of  the  facts  to  which  we  purpose  now  referring,  and  which  appear  to  us 
to  afford  satisfactory  proof  that  to  the  late  Mr.  Thomas  Bartlett,  C.E., 
and  to  him  alone,  is  due  the  credit  that  belongs  to  having  led  the  way, 
and  completed  fully  those  methods  for  mechanical  rock-boring  which 
have  been  adopted  by  Messrs.  Sommeiller  &  Co.,  and  from  which  they 
have  reaped  all  the  advantage. 

There  is  the  greater  reason  why  this  act  of  justice,  in  establishing 
the  rights  of  priority  in  the  invention,  should  be  done,  because  the 
inventor  himself  has  but  recently  passed  from  amongst  us,  suddenly  and 
unexpectedly,  so  that  upon  his  surviving  professional  acquaintances  rests 
the  duty  of  sustaining  his  just  fame,  which,  had  he  lived,  he  would  him- 
self have  taken  steps  to  assert. 

Mr.  Thomas  Bartlett,  a  member  of  the  Institution  of  Civil  Engin- 
eers, after  having  occupied  responsible  posts  upon  the  Great  Northern 
and  other  important  railways  in  this  country  during  their  formation, 
had  been  for  several  years  one  of  the  most  trusted  and  valued 
engineering  agents  of  the  great  firm  of  contractors,  Messrs.  Brassey, 
Peto,  &  Betts,  whose  interests  he  had  represented  in  the  most  efficient 
and  satisfactory  way  in  several  of  their  great  undertakings  abroad, 
especially  on  the  Italian  and  Spanish  railways.  For  some  months 
before  his  death  he  had  been  engaged  with  the  negotiations  on  the 
part  of  his  firm  for  the  Great  South  of  Russia  Railway,  one  of  the 
largest  railway  undertakings  ever  contemplated.  For  this  he  had 
travelled  several  times  to  and  from  Russia,  and  suffered  much  from 
fatigue,  anxiety,  and  winter  climate.  Those  who  last  saw  him  in 
London  on  the  eve  of  his  departure  for  Lisbon,  to  which  he  proceeded 
in  reference  to  new  undertakings,  and  marked  his  robust  form,  healthy 
face,  and  honest  intelligent  eye,  had  little  notion  they  looked  their  last 
upon  him,  or  of  the  domestic  tragedy  that  impended  over  him  and  his 
family. 

Within  a  few  days  of  his  arrival  at  Lisbon  he  was  attacked  with 
inflammatory  rheumatism  and  fever.  His  symptoms  rapidly  grew  worse, 
and  a  telegram  was  forwarded  home  for  Mrs.  Bartlett  immediately  to 
join  him.  Another  telegram  however,  winged  with  death,  was  on  its 
way  to  his  bedside  and  crossed  his  own  in  transitu,  abruptly  telling 
him  (for  such  messages  must  be  abrupt),  that  she  whom  he  had  lately 
left  in  health,  his  wife,  was  dead.  A  slight  surgical  operation,  necessary 
for  a  chronic  ailment,  had  in  her  case  ended  fatally.  Whatever  hopes 
there  might  have  been  of  saving  Bartlett  before,  there  were  none  after 
his  knowledge  of  this  overwhelming  calamity;  the  shock  killed  him, 
and  within  a  few  hours  a  large  family  of  children  were,  as  to  both 
parents,  orphans. 

This  is  not  the  place  for  a  biography  of  Thomas  Bartlett — a  man 
much  regarded  and  esteemed  by  all  who  knew  him — but  eo  much  as 
we  have  stated  was  necessary,  to  explain  how  and  why  it  is  that  his 
rights  and  claims  as  an  inventor  come  to  be  sustained  by  another  pen 
than  his  own. 

From  the  sketch  that  has  been  given  in  the  preceding  portion  of  this 
article  {Practical  Mechanic's  Journal  for  May,  1865),  it  will  have  been 
perceived  that  the  tunnelling  machinery  of  Mont  Cenis  divides  itself 
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naturally  into  two  distinct  groups — viz.,  1.  The  motive  power,  i.e., 
the  methods  by  which  the  water  power  of  the  region  at  either  end  is 
made  to  transfer  itself,  through  the  medium  of  compressed  air,  to  the 
remote  ends  or  foreheads  of  the  work,  there  to  actuate  the  machinery 
for  penetration  ;  and  2.  The  boring  or  rock -penetrating  machinery 
itself. 

Claims  are  made  without  qualification  by  Messrs.  Sommeiller,  Grandis, 
&  Grattoni,  as  inventors  and  constructors  of  both  of  these :  to  the 
former,  so  far  as  the  machinery  for  compressing  the  air  a  coups  de 
bellier  is  concerned,  and  nothing  beyond  this  has  anything  novel  or 
peculiar;  for  there  is  no  novelty  or  peculiarity  in  an  overshot  water 
wheel  driving  air-pumps,  nor  anything  novel  in  preventing  the  air 
leakage  past  the  pistons  of  those  pumps  by  the  interposition  of  a  column 
of  water,  for  this  was  practised  in  England  at  least  thirty  years  ago, 
for  the  purposes  of  compressing  coal  or  oil  gas  for  what  were  called 
Portable  Gas  Companies,  and  was  employed  quite  fifteen  years  ago  in 
France  by  Thilorier,  in  his  beautiful  apparatus  for  compressing  carbonic 
acid  iuto  a  liquid  state. 

To  the  latter,  the  boring  machinery,  MM.  Sommeiller  &  Co.  claim 
also  to  be  exclusively  the  inventors. 

We  shall  deal  with  these  claims  in  succession,  and  with  the  first 
briefly. 

The  air-compressing  machine  so  claimed,  the  general  nature  and 
operation  of  which  we  have  slightly  described  in  the  former  part  of 
this  paper,  is  designed  to  condense  the  atmospheric  air  by  the  direct 
descent  of  a  column  of  water,  without  any  intermediate  pump  or  other 
machinery,  and  consists  essentially  of  a  siphon-formed  main  pipe, 
which  descends  from  a  conduit  or  reservoir  at  a  constant  level, 
(fig.  1).  At  the  bottom  of  the  descending  limb  the 
main  pipe  passes  off  horizontally,  and  then  ascends 
again  in  a  second  limb ;  in  the  second  limb  is  a  valve, 
which  may  be  called  the  supply  valve;  upon  the 
upper  part  of  the  ascending  limb  is  an  air  discharge 
valve,  opening  upwards  and  iuto  the  reservoir  for 
compressed  air,  with  which  the  cavity  of  the  limb, 
or  "  chamber  of  compression,"  communicates  by  the 
pipe  seen  in  the  figure. 

Upon  the  horizontal  limb  of  the  siphon  is  a  dis- 
charge valve  for  water,  and  upon  the  ascending  limb 
is  a  valve  opening  inwards,  by  which  air  may  be 
drawn  into  the  interior  of  that  limb,  between  the 
discharge  air-valve,  when  closed,  and  the  water 
surface  in  the  limb. 

Also  in  the  second  limb,  and  at  successive  levels,  not 
much  above  that  of  the  standing  water  surface,  when 
the  supply  valve  is  shut,  and  the  discharge  valve 
open,  are  several  holes,  each  provided  with  a  hang- 
ing valve,  so  formed  that  they  permit  air  to  pass  out 
when  it  is    expressed  before 
the    column    of   water  rising 
:uto  the  limb  in  its  elevation 


Fig.  1. 


m 


up>  to  the  level  of  the  highest  of 
these,  but  do  not  per- 
mit any  water  to  pass 
out. 

The  action  of  the 
machine  is  as  follows: 
— Let  us  suppose  the  water  discharge  valve  closed ;  if  the  supply  valve 
be  now  opened,  the  descending  column  of  water  will  mount  in  the  second 
limb,  closing  the  successive  valves,  and  compressing  the  air  in  this  limb 
will  raise  the  air  discharge  valve,  and  a  bulk  of  air  equal  to  that  displaced 
will  be  driven  into  the  reservoir  for  compressed  air.  Let  us  assume, 
to  avoid  prolixity,  though  not  quite  exact,  that  either  the  air  is  already 
by  any  means  at  such  a  tension,  or  that  the  valve  is  so  loaded  that  the 
rising  column  of  water  shall  not  reach  or  pass  this  valve.  As  soon  as 
the  ascending  column  shall  have  reached  this  its  highest  point,  viz., 
where  the  fluid  pressure  at  the  surface  of  this  column  is  balanced  by 
the  resistance  at  the  upper  valve,  let  the  water  discharge  valve  be 
opened,  and  the  supply  valve  simultaneously  closed,  the  water  in 
the  second  limb  will  now  run  to  waste  through  the  discharge  valve, 
and  the  air  space  will  fill  again  with  water.  Now  let  the  discharge 
valve  be  closed,  and  the  supply  valve  simultaneously  opened,  and  the 
column  will  mount  again,  and  again  compress  the  air  last  admitted  and 
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drive  it  past  the  valve  also  into  the  reservoir.  These  operations 
repeat  themselves  again  and  again  in  equal  times,  all  the  valves  acting 
automatically ;  as  to  the  arrangements  for  effecting  which,  we  need  not 
trouble  ourselves  here. 

There  are  thus  four  distinct  periods  in  the  action  of  the  machine — 
the  first  commencing  when  the  water  supply  valve  is  opened,  and  ends 
at  the  instant  that  the  ascending  column  passes  the  highest  of  the 
valves.  During  this  period  the  whole  column  of  water  between  the 
upper  and  the  lower  end  gets  into  motion,  and  accumulates  vis  viva. 
The  second  period  begins  at  the  instant  that  the  ascending  column 
has  passed  the  highest  valve,  and  ends  at  the  moment  this  column  has 
reached  its  highest  and  the  air  discharge  valve  has  opened.  The  third 
period  is  that  during  which  the  air  discharge  valve  remains  open,  and 
the  elevated  column  is  engaged  in  delivering  through  it  the  compressed 
air  into  the  reservoir — the  water  at  its  highest  point  just  reaching,  and 
no  more,  the  lower  side  of  that  valve.  The  fourth  period  is  from  the 
instant  of  the  opening  of  the  water  discharge  valve,  to  its  closing 
again,  which  takes  place  at  the  instant  the  second  has  emptied  itself. 

It  will  thus  be  seen  that  the  machine  is  in  fact  a  gigantic  hydraulic 
ram,  similar  in  principle,  in  all  respects,  to  those  of  Mongolfier,  and  of 
Whitehurst  and  Watt,  but  employed,  by  the  intervention  of  certain 
additional  parts,  for  the  compression  of  air,  instead  of  for  the  elevation 
of  a  certain  portion  of  the  descending  column  of  water. 

It  will  also  be  seen  that  the  measure  of  the  compressive  power  is 
not  merely  that  of  the  statical  column,  equal  to  the  difference  of  the 
altitudes  of  the  two  limbs,  but  that,  conformably  with  the  principles  of 
dynamics,  the  motive  work  (or  rather  the  excess  of  the  motive  over 
the  resistant  work)  of  the  machine  during  the  time,  d  t,  is  equal  to  half 
the  sum  of  the  vires  vivce  of  all  parts  of  the  moving  column  accruing 
(luring  the  same  time.  The  limit  of  compression,  therefore,  greatly 
exceeds  the  tension  that  is  due  to  the  statical  head. 

So  also,  as  the  whole  of  the  vis  viva  accumulated  in  the  descending 
and  ascending  columns  is  expended  without  shock,  by  the  surface  of  the 
fluid  in  the  latter  column  coming  to  rest  below  the  valve,  it  follows 
that  this  modification  of  the  hydraulic  ram  must  produce  a  considerably 
greater  use/id  effect  than  that  employed  for  elevating  water,  as  usually 
constructed.  It  will  be  also  remarked  that  there  is  one  serious  loss  of 
useful  effect  in  these  machines — viz.,  that  the  vis  viva  accumulated  by 
the  descent  of  the  column  of  water  in  the  process  of  emptying  the 
ascending  limb  by  the  valve  is  wholly  wasted. 

This  brief  explanation  of  the  structure  and  principles  of  the  Mont 
Cenis  air-compressing  machinery,  a  coup  de  bellier,  will  be  sufficiently 
full,  both  for  judging  of  the  machinery  itself  there  employed,  and  for 
enabling  the  reader  to  determine  how  far  it  is  original  with  Messrs. 
Sommeiller  &  Co. 

In  1859  the  Marquis  Anatole  de  Caligny  read  a  paper  before  the 
Academy  of  Sciences  of  Turin,  which  has  been  published  in  the 
Nutfcia  storica  dei  lavori  fatti  dalla  classe  di  Scienze  fisiche  e  mate- 
matiche  della  R.  Accadcmia  delle  Scienze  de  Torino,  pell  anno  1859, 
and  of  which  the  marquis  has  published  also  a  separate  French 
translation,  printed  at  Turin,  1860. 

In  this  he  points  out  various  anticipations,  more  or  less  complete,  of 
the  principles  and  construction  of  these  Mont  Cenis  compressing 
machines. 

The  reclamation  was  evoked  in  consequence  of  General  Menabrea 
having  read  to  the  Institute  of  France,  in  June  1858,  an  account  of 
the  tunnel  works ;  and  though  alluding  to  the  proposals  made  to  the 
commission  of  the  Italian  Government  by  M.  Colladon  of  Geneva,  and 
by  M.  Mans,  a  mining  engineer  of  Belgium,  the  general  made  none  to 
those  which,  it  appears,  had  also  been  laid  before  the  same  commission 
by  the  Marquis  Caligny. 

To  a  letter  of  remonstrance  as  to  this,  addressed  by  the  marquis  to  the 
general,  the  latter  replied,  that  "  the  commission  was  not  an  academy, 
and  that  it  took  no  cognizance  of  proposed  methods ;  that  its  business 
was  simply  to  determine  the  possibility  of  success  in  piercing  the 
tunnel ;  and  that  it  only  had  alluded  to  Colladon  and  Maus,  because 
they  having  both  produced  plans  for  the  work,  it  was  necessary  to 
explain  the  grounds  on  which  the  commission  gave  preference  to  those 
of  Sommeiller  &  Co." 

This  is  technically  a  sufficient  explanation  perhaps,  at  least  on  the 
assumption  that  nothing  can  be  a  plan  but  a  drawing.  However,  De 
Caligny  has  in  the  document  we  have  cited  shown,  that  as  long  ago  as 
1844  he  had  published  his  plans  for  the  conversion  into  machines  for 


air  compression  of  those  which,  in  1837,  he  produced  for  raising  water 
— all  being  based  upon  the  general  principle  of  the  hydraulic  ram; 
and  he  quotes  a  letter  addressed  to  him  from  General  Menabrea 
admitting  that  "  les  dispositions  de  voire  appareil,  a  bien  des  rapports, 
avec  la  machine  experimenle  a  Genes."  This  machine,  tried  at  Genoa, 
was  the  production  of  MM.  Sommeiller  &  Co.,  it  is  to  be  remarked. 

The  memoir  of  De  Caligny  is  very  full  and  exhaustive.  He  traces 
the  history  of  air-compressive  machines  of  this  class  from  the  original 
suggestion  of  Mongolfier,  that  his  ram  might  be  used  for  such  a  pur- 
pose, and  cites  information  received  by  him  from  M.  Colin,  retired 
professor  of  physics  at  the  military  school  of  St.  Cyr,  who  states  that 
Mongolfier  during  his  life  personally  informed  him  (Colin)  that  he  had 
actually  so  employed  his  first  hydraulic  ram,  and  had,  by  means  of  air 
compressed  by  it,  determined  the  amount  of  pressure  that  a  man  could 
withstand  when  inclosed  in  a  chamber  of  compressed  air. 

For  details  of  these  and  other  very  interesting  facts  in  the  early 
history  of  these  machines  we  must  refer  to  the  memoir  itself,  confining 
ourselves  here  to  the  description,  aided  by  fig.  2,  of  the  Marquis  de 
Caligny's  machine,  as  published  in  the  Bulletin  du  Musee  de  VIndustrie 
de  M.  Jobard,  of  Brussels,  vol.   xxix.,  p.   194,  &c,  in  1856.     This 


Fig.  2. 


curious  machine  constitutes  one  form  only  of  several  for  analogous 
purposes,  produced  and  some  actually  set  to  work  by  the  inventor. 

In  this,  the  dotted  line  is  the  level  of  the  head  or  reservoir  of  water ; 
the  descending  limb,  communicating  (in  the  fig.)  by  a  horizontal  conduit 
with  the  ascending  limb.  This  is  constituted  of  a  tube  larger  in 
diameter  than  the  conduit  of  approach,  and  within  which,  free  of  its 
internal  sides,  a  fixed  plunger  is  placed,  to  contract  the  cross  section 
to  the  annular  space  between  these. 

The  tube  is  provided  at  its  lower  end  with  a  conical  or  flat  seat, 
to  sit  down  upon  the  mouth  of  the  conduit  of  approach.  The  tube  is 
capable  of  motion  up  and  down  in  the  line  of  its  axis,  being  guided 
below  and  above  where  it  passes  through  a  gland  in  the  bottom  of  the 
shallow  reservoir  into  which  the  water  is  to  be  elevated. 

The  lower  end  of  the  tube,  is  externally  surrounded  by  a  hollow 
annular  float,  which  nearly  balances  the  weight  of  the  tube,  and 
permits  it  to  rest  at  its  lower  end  upon  the  mouth  of  the  conduit  of 
approach.  If  in  this  state  the  tube  be  raised  a  little,  as  shown  in  the 
fig.,  the  water,  which  before  stood  at  the  same  level  in  the  two  limbs, 
begins  to  escape  rapidly  all  round  the  circle  of  broken  junction,  or 
sort  of  conic  valve,  permitting  also  water  from  the  head  to  give  motion 
to  all  in  the  limb  and  conduit  of  approach,  and  to  escape  into  the 
lower  reservoir.  Almost  immediately  after,  however,  the  tube  falls 
back  upon  the  orifice  of  approach,  and  closes  it  all  round ;  and  a 
certain  portion  of  the  column  in  movement  is  forced  up  into  the  reser- 
voir. Directly  after  this,  the  tube  spontaneously  rises  again  (chiefly 
from  resilience,  but  also  from  hydrostatical  causes,  which  we  need  not 
go  minutely  into)  from  its  lower  seat.  The  column  is  again  put  into 
motion,  and  the  periodic  operations  of  the  machine  are  repeated,  and 
so  proceed. 

Here  is  certainly  a  very  curious  modification  of  the  hydraulic  ram — 
one  affirmed  by  its  inventor  to  give  a  useful  effect  of  60  per  cent.,  and 
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working,  we  may  almost  say,  without  any  valve  work  whatever.  The 
inventor  has  pointed  out  that  the  whole  tube  need  not  necessarily 
move,  and  that  a  Cornish  valve  may  be  substituted  to  form  the  lower 
part  of  it,  and  perhaps  advantageously. 

The  close  analogy  in  its  principles  with  the  machines  at  Mont  Cenis 
is  not  difficult  to  discern  ;  but  it  may  be  said  this  is  simply  a  machine 
to  raise  water,  not  to  compress  air. 

This  objection,  however,  is  satisfactorily  set  at  rest  by  M.  de  Caligny, 
who  points  out  that  in  his  memoir  on  this  machine,  read  to  the  Philo- 
mathic  Society  of  Paris  on  2nd  November,  1850,  and  published  in  the 
journal  Vlnstitut  of  20th  November,  1850,  No.  881,  p.  373,  he 
expressly  there  says,  "  Alois  cet  appareil  peut  etre  employe  a  comprimer 
de  Voir,  au  moyen  (Tun  piston  liquidc,  soit  pour  line  machine  soufflante." 
Besides,  this  machine  can  be  employed  to  compress  air  by  means  of  a 
liquid  piston — i.e.,  without  a  piston  at  all — or  as  a  blowing  machine. 
We  may  add  that  in  this  same  memoir  the  inventor  shows  that  these 
"  oscillating  machines,"  as  he  denominates  them,  may  be  employed  to 
exhaust  air  as  well  as  to  compress  it. 

For  the  invention  and  his  memoirs  on  this  class  of  machines  the 
Institute  of  France,  in  December,  1839,  awarded  to  De  Caligny  the 
medal  in  the  class  of  mechanics.  Full  accounts  of  his  various 
machines  will  be  found  in  the  "  Annales  des  Mines,"  tome  xiv.,  p.  21, 
1838;  in  "Cosmos"  for  May,  1859;  and  in  "  Le  Technologists "  for 
June,  1850,  p.  495,  &c,  to  which  we  refer  the  reader. 

We  may  pass  now  from  the  Marquis  de  Caligny,  the  description  of 
whose  machines,  as  we  have  seen,  was  actually  laid  before  the  com- 
mission of  which  General  Menabrea  was  a  member,  and  the  knowledge 
of  them,  as  is  not  denied,  communicated  to  MM.  Sommeiller,  Grandis 
et  Grattoni. 

Another  claimant  to  like  communications  was  M.  Piatti.  In  "Z'/ra- 
ventore,  giornale  della  proprieta  industriale,"  for  Saturday,  lGth  May, 
1857,  there  is  printed  a  petition  presented  by  M.  Piatti  to  the  Italian 
Parliament,  from  which  we  translate  the  following  particulars  : — 

"  In  February,  1853,  the  undersigned  submitted  to  the  Sardinian 
Ministry  his  proposition  having  for  object  the  solution  of  the  difficult 
problem,  the  piercing  of  a  tunnel  through  the  Mont  Cenis,  the  success 
of  which  depended  entirely  on  the  use  of  new  mechanical  combinations 
by  him  invented,  of  which  the  most  important  are  : — 

"  1.  Cheap  and  easy  compression  of  air  by  means  of  the  direct 
action  of  the  water. 

"  2.  Friction  (i.e.  braking)  of  the  waggons  on  the  inclined  planes  of 
the  railway  by  means  of  the  pressure  of  confined  and  compressed  air. 

"  3.  Boring  of  holes  for  blasting,  for  piercing  the  great  gallery  of 
Bardonneche  and  other  tunnels,  by  means  of  machines  working  by 
the  elastic  force  of  compressed  air. 

"  5.  Firing  the  blasts  by  electricity. 

"  6.  Renewal  of  the  air  in  the  galleries,  and  removal  of  the  smoke, 
by  means  of  a  current  of  the  compressed  air  to  escape  in  the  neighbour- 
hood of  the  explosions. 

"  6.  Loading  and  carriage  of  the  material  of  every  sort,  by  means  of 
locomotives  and  railway  in  the  interior  of  the  gallery,  actuated  by 
compressed  air. 

"  (Signed)  Jean  B.  Piatti." 

This  brief  extract  from  a  long  document  is  sufficient  to  show  that 
early  in  1853  communications  had  been  made  to  the  Italian  Govern- 
ment commission  charged  with  the  consideration  of  the  Mont  Cenis 
tunnel,  on  the  subject  of  working  it  by  compressed  air,  in  addition  to 
those  of  Maus,  of  Colladon,  and  of  De  Caligny. 

It  is  but  fair  to  add,  that  we  have  had  in  our  hands  a  reply  by  M. 
Sommeiller  to  M.  Piatti,  dated  29th  May,  1857.  It  appears  to  us, 
however,  unsatisfactory,  and  amounts  to  little  more  than  this,  that  M. 
Piatti  had  published  in  a  memoir  printed  at  Turin  in  1853  his  inven- 
tions ;  that  he  had  not  patented  them  ;  that  they  differed  "  so  as  to 
have  nothing  in  common"  with  the  inventions  of  Sommeiller,  &c. ;  and 
that  Piatti's  inventions  were  old  even  when  published  ;  and  whatever 
they  were,  that  the  patent  of  Sommeiller  &  Co.  was  of  a  nature  to 
prevent  Piatti  from  making  any  use  of  them  even  had  they  been  good. 
The  replication,  we  are  obliged  to  say,  bears  on  its  face  all  that  infla- 
tion of  style  which  often  characterizes  a  bad  cause. 

We  are  not,  however,  about  to  decide  anything  for  or  against  either 
side.  We  simply  point  out  that  two  claimants  have  come  forward — 
one  of  them  De  Caligny,  with  much  demonstrative  force  in  his  favour 
— to  show  that  the  idea  of  employing  compressed  air  as  a  motive  agent 


in  the  Mont  Cenis  tunnel  was  theirs,  and  that  the  mode  proposed  by 
each  for  compression  of  the  air,  by  the  direct  action  of  water,  was  theirs 
also ;  and  in  both  cases  anterior  to  the  coming  on  the  stage  of  those 
who  have  now  actually  applied  these  methods — viz.,  Sommeiller  &  Co. 

We  have  therefore  said  enough  to  show  that,  as  regards  the  only 
peculiarity  in  the  motive  power  employed  at  this  tunnel,  the  rights  of 
inventorship,  as  claimed  by  Sommeiller  &  Co.,  admit  of  being  strongly 
contested,  if  not  wholly  denied. 

This  first  part  of  the  apparatus  employed  (the  power)  we  may  now 
pass  away  from,  having  made  its  nature  and  something  of  its  history, 
as  we  trust,  clear  ;  and  proceed  to  the  machinery  for  boring  the  rock, 
which  is  wrought  by  this  power  of  compressed  air. 

The  details  of  the  rock-boring  machinery  are  fully  claimed  by  M. 
Sommeiller  as  inventor  and  designer.  For  this  fact,  as  well  as  for  the 
details  themselves,  we  must  refer  again  to  the  "  Relazione  della  direzione 
Technica,"  &c,  4to.,  Turin,  1863,  in  which  well-executed  plates,  signed 
by  that  gentleman  as  engineer,  will  be  found  of  all  parts  of  the  appa- 
ratus. Diagrams  of  these  machines  were  also  presented  to  the  Insti- 
tution of  Civil  Engineers  by  Mr  Sopwith,  C.E.,  when  he  read  his  paper 
on  the  Mont  Cenis  tunnel. 

These  machines  as  now  in  use,  though  not  identical  in  some  of  their 
details  with  those  invented  and  patented  by  the  late  Mr.  Thomas 
Bartlett,  C.E.,  are  in  all  essential  particulars  similar,  and  in  such  points 
of  detail  as  they  do  differ  are  inferior  to  Bartlett's. 

Before,  however,  going  further  into  the  machines  themselves,  we 
will  state,  in  order  of  dates,  the  successive  events  in  which  Mr.  Bartlett 
was  concerned  with  the  Mont  Cenis  tunnel,  and  the  steps  which  led 
to  kis  invention  and  prosecution  experimentally  to  full  and  practical 
completion  of  Ids  machines  for  roch  perforation. 

In  this  we  derive  the  dates  and  facts  from  a  manuscript  now  before 
us,  signed  by  Mr.  Bartlett,  and  handed  to  us  for  this  special  destina- 
tion, prior  to  his  departure  from  England  and  decease  abroad.  We 
should  add  that  this  statement  was  originated  by  the  discussion  at  the 
Institution  of  Civil  Engineers,  London,  on  Mr.  Sopwith's  paper,  descrip- 
tive of  the  Mont  Cenis  tunnel,  in  which,  while  Mr.  Bartlett's  were  just 
noticed,  they  were  neither  admitted  nor  denied. 

In  August,  1853,  Mr.  Bartlett  was  invited  to  assist  Mr.  Newman, 
M.I.C.E.,  in  selecting  the  line  of  railway  from  the  French  frontier  to 
Modane.  In  the  progress  of  his  survey,  having  concluded  that  Mont 
Cenis  must  be  penetrated  by  a  tunnel  of  about  eight  miles  in  length, 
and  at  a  depth  that,  in  his  opinion,  forbade  the  use  of  shafts  and  multi- 
plied headings,  so  that  by  ordinary  methods  the  execution  of  the  tunnel 
would  occupy  thirty  years,  he  became  satisfied  that  the  possibility  of 
the  work  rested  with  that  of  producing  machinery  to  bore  the  rock  for 
blasting  at  a  much  greater  rate  than  by  hand  working  could  be  achieved. 

In  April,  1854,  he  completed  working  drawings  of  a  rock-boring 
machine,  and  sent  them  to  England,  for  the  machine  to  be  made  in 
accordance  with  them ;  and  in  June  he  tried  his  first  machine  at 
Brighton,  upon  a  block  of  hard  Aberdeen  granite,  with  complete  success. 

In  December,  1854,  he  sent  the  machine  to  Chamber}',  in  Savoy, 
where  he  was  then  residing  in  charge  of  the  Victor  Emanuel  Railway, 
as  agent  to  Messrs.  Brassey  &  Co.,  and  the  same  month  made  the  first 
trial  of  the  machine  there,  before  M.  Ranco,  the  Commisaire  Technique 
of  the  Piedmontese  Government  on  the  above  railway,  and  before 
several  other  official  persons. 

During  the  early  part  of  the  next  year,  1855,  he  worked  this  machine 
at  Chambery,  in  presence  of  Count  Cavour,  Chevalier  Paleopaca, 
General  (then  Colonel)  Menabrea,  Messrs.  Sommeiller,  Grandis,  & 
Grattoni,  and  several  other  persons. 

In  all  these  experiments  high  pressure  steam  was  the  motive 
agent,  because  it  was  at  command,  and  because  the  expense  of  com- 
pleting apparatus  for  compressed  air  as  a  motor,  would  have  been  very 
serious,  and  unnecessary  for  a  mere  demonstration.  Mr.  Bartlett,  how- 
ever, had  made  the  requisite  designs  and  estimates  for  machinery  to 
compress  air  as  the  motor,  and  had  specified  its  use  in  his  patent, 
granted  to  him  by  the  Piedmontese  Government  in  this  year. 

We  may  here  pause  to  give  in  detail  the  statement  presented  to  us 
by  Mr.  Bartlett,  of  the  work  actually  done  by  those  experiments  at 
Chambery  ;  and  though  with  a  little  anachronism,  shall  at  same  time, 
for  sake  of  comparison,  give  the  results  subsequently  to  be  referred 
to,  obtained  at  Genoa,  together  with  some  experiments  on  the  maximum 
results  that  could  be  obtained  by  hand  jumping,  with  foreign  labour, 
all  signed  by  Mr.  Bartlett. 
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Trials  of  Mr.  Bartlett's  boring  machine  with  steam,  at  Chamber}', 
Savoy,  in  1855 — 

Diameter  of      Depth  of  Tim.        Depth  of  hole        „        rt 

drift                hole.  Time'        per  minute.         Kemarks. 

Centimetres.  Centimetres.  Minutes.     Centimetres. 

1st  Trial, -06       ...       -51      ...  9  ...     -057        In  Limestone. 

2nd    "    '05       ...       "81      ...  15  ...     -0504      Micaceous  schist. 

3rd     "    -06       ...       '22      ...  3  ...     -073        Limestone. 

4th     "    -07J     ...       -12      ...  4  ...     -03 

Trials  at  Genoa  in  March,  1857  (St.  Pierre  d'Arena),  before  Italian 
Government  commission,  with  air  compressed  to  seventy  lbs. ; 
machine  about  500  metres  distant  from  reservoir — 

Diameter  of       Depth  of  Time  Depth  Kate  of  Ma- 

drill.                hole.  *  per  minute,    chine  work. 

Metres.           Metres.  Minutes.  Metres.  Times. 
Limestone. 

Machine -05  ...     -50     ...  7    ...  -0714  ...              — 

2  Miners, -05  ...     -45     ...  103    ...  -0044  ..     16-2  faster. 

1  Miner, -05  ...     "24     ...  103    ...  -0023  ...     31"         " 

SlENITE. 

Machine, -04        ...     -41     ...        5    ...       "082     ...  — 

2  Miners, -04         ...     -385   ...      50    ...       "007     ...      117  faster. 

Sandstone. 

Machine, -04        ...     -52     ...    2-42   ...       -193     ...  — 

1  Miner, -04        ...     -32     ...  50"       ...       -006     ...     32-1  faster. 

Gypsum, 

Machine, -04  ...  "58  ...2-7       ...  -274     ...             — 

2  Miners, -04  ...  -80  ...      113...  -007     ...  39 '1  faster. 

1  Miner, -01  ...  -49  ...     113..  '0043...  637      " 

Rock  Boring  by  Hand,  with  Spanish  labour. — Account  of  a  drilling 
or  jumping  match  which  took  place  at  Subijana,  near  Vittoria,  Spain, 
in  the  year  1860,  between  two  workmen  (drillers)  who  were  engaged 
on  the  Tudela  and  Bilbao  Railway — Messrs.  Brassey  &  Co.,  contractors. 

The  match  was  arranged  between  the  friends  of  the  two  men,  and 
presided  over  by  the  alcalde  and  the  authorities  of  the  place.  At  a 
given  signal  from  the  alcalde  the  men  began.  The  stone  drilled  was 
of  the  hardest  kind  of  limestone,  and  two  large  blocks  were  removed 
from  the  work  to  a  large  field  in  the  neighbourhood,  for  the  greater 
convenience  of  the  spectators,  if  not  of  the  men  themselves.  The 
stones  were  embedded  in  the  ground  nearly  up  to  the  surface  on  which 
the  men  were  to  stand  and  drill.  The  men  who  drilled  were  ordinary 
workmen,  who  perhaps  had  shown  some  superior  aptitude  for  the  work, 
and  hence  the  match  made  for  them.  The  men  having  set  to  work, 
had  in  reserve  an  unlimited  number  of  drills,  as  in  case  of  one  breaking 
or  being  soft  he  could  change  it  at  once.  The  mode  of  drilling  was 
different  with  the  two  men — one  drilling  perfectly  upright,  with  the  hole 
just  in  front  of  his  open  feet;  and  the  other  drilling  aslant,  with  the  hole 
at  the  outside  of  his  left  foot,  and  driving  the  drill  with  the  upper  part 
of  his  body  as  well  as  with  his  arms ;  the  other  raised  the  drill  plumb, 
and  brought  it  down  equally  plumb,  and  apparently  working  with  much 
greater  ease  than  his  fellow,  who  drove  the  drill  sideways.  There  was 
very  little  difference  in  the  length  of  stroke  of  the  two  men — the  upright 
drill  making  about  3'0  metres  per  stroke,  and  the  slant  drill  about  2'6 
metres  average.  For  the  first  nine  or  ten  inches  the  holes  were  put 
down  dry,  and  afterwards  cleaned  out  by  the  aid  of  a  liquid  of  greater 
consistence  than  water,  which  was  supplied  from  wine  skins  by  the 
abettors  of  each  man  at  every  stroke  of  the  drill.  About  fifteen  drills 
were  used  by  each  man.  The  men  worked  stroke  and  stroke  nearly  for 
the  whole  hour,  and  left  off  with  but  one  inch,  or  three  centimetres 
between  them;  he  who  held  his  drill  upright  doing  six  feet  (or  1-80 
metres),  and  the  other  six  feet  one  inch  (or  1*83  metres),  the  former 
doing  his  work  in  four  holes,  and  the  latter  in  six  holes,  and  having 
started  a  seventh.  The  whole  of  the  holes  were  driven  nearly  plumb. 
The  drills  used  were  1J  inch  diameter,  about  56  metres  long,  and 
weighed  nearly  fifteen  lbs. 

This  is  recorded  as  an  instance  of  the  most  probably  that  can  be 
done  by  hand  labour  in  one  hour  with  1J  inch  drills,  upon  a  very  hard 
piece  of  limestone. 

Reverting  now  to  the  chronological  narrative.  In  1855  the  Victor 
Emmanuel  Company  applied  to  the  Government  for  permission  to 
lay  rails  for  goods  and  passengers  on  the  line  of  existing  road  be- 
tween St.  Jean  de  Maurienne  and  Susa,  to  facilitate  the  communica- 


tion between  the  then  French  and  Italian  terminations  of  the  railway. 
A  commission  was  appointed  to  report  on  this,  consisting  of  several 
members,  amongst  whom  were  MM.  Grandis  and  Grattoni.  This  com- 
mission obtained  from  the  Chamber  of  Commerce  of  Chambery  a  report 
by  M.  Gabriel  de  Mortillet  on  the  geology  of  the  Mont  Cenis,  where 
proposed  being  pierced.  They  also  examined  Mr.  Bartlett's  machine 
at  work,  and  reported,  that  having  seen  a  machine  which  satisfied  them 
that  the  tunnel  could  be  pierced  in  a  moderate  time,  they  advised 
Government  not  to  sanction  the  laying  those  rails  ;  and  their  report  was 
adopted.  At  this  period,  viz.,  in  May,  1856,  MM.  Grandis,  Grattoni, 
and  Sommeiller  were  engaged  in  erecting  a  "  compresscur  a  coup  de 
bellier"  for  the  purpose  of  compressing  air,  to  be  used  for  locomotion  on 
the  Giovi  Incline :  nothing  of  the  sort  had  been  done  at  Mont  Cenis. 

On  the  24th  May,  1856,  M.  Rauco,  on  behalf  of  the  Italian  Govern- 
ment, applied  to  Mr.  Bartlett  to  place  two  of  his  machines  at  the 
disposition  of  the  commission  to  try  them  when  working  with  com- 
pressed air.  This  application,  made  as  a  formal  letter  (copy  before  us), 
embraced  three  chief  conditions  : — 1 .  The  machines  and  workmen  were 
to  be  furnished  by  the  inventor  at  Genoa,  and  for  six  months,  Govern- 
ment paying  all  expenses;  2.  The  Government  were  disposed  to 
employ  these  machines  in  one  of  the  first  tunnels  to  be  made  in 
Piedmont,  and  required  to  have  conditions  for  working  them  under 
Bartlett's  patent  defined  by  him  ;  3.  They  guaranteed  to  him  a  supply 
of  compressed  air  to  work  them,  provided  water-power  should  be  found 
at  the  mouths  of  the  tunnel.  The  title  of  the  tunnel  is  not  given,  but 
that  of  Mont  Cenis  is  evidently  referred  to. 

Early  in  December,  1856,  two  machines  were  accordingly  sent  to 
St.  Pierre  d'Arena,  near  Genoa,  where  one  of  the  compressews  of 
Sommeiller  &  Co.,  was  already  erected  to  work  them.  The  first  trial, 
made  before  Count  Cavour,  Sir  James  Hudson,  and  many  other  persons, 
resulted  at  once  in  this — that  Count  Cavour  pronounced  his  opinion  that, 
as  he  now  saw  that  the  machines  would  work  as  well  with  compressed 
air  as  with  steam,  he  felt  assured  of  the  practicability  of  the  great 
tunnel;  and  he  stated  that  he  would  introduce  a  bill  to  the  Italian 
Chamber  for  its  execution.  The  immediate  result  of  this  was  the 
appointment  of  a  scientific  commission  to  examine  and  report  upon 
these  machines  at  work  at  Genoa ;  and  during  March  and  April,  1857, 
those  experiments  of  which  we  have  given  above  an  extract  were  made 
there  before  its  members,  being  completed  on  the  18th  April,  and  a 
favourable  report  made  to  Government,  upon  which  Count  Cavour  did 
bring  in  the  bill. 

In  the  discussion  on  the  bill  in  the  Chamber,  General  Menabrea,  who 
was  a  member  of  the  commission,  used  the  following  words  (when 
translated  and  abridged)  in  his  address : — 

"  Mr.  Bartlett,  engineer  of  the  Savoy  Railway,  has  invented  a  per- 
forator to  make  the  holes  for  blasting,  and  which  worked  with  remark- 
able rapidity. 

"  This  machine  was  constructed  to  work  with  steam,  the  use  of 
which  in  the  tunnel  is  inadmissible.  .  .  Certainly  the  mechanism 
of  Mr.  Bartlett  worked  with  compressed  air,  and  acted  equally  well  as 
with  steam  ;  but  this  machine  was  found  more  complicated  than  if  it 

had  been  made  in  the  first  instance  to  work  by  air In 

consequence  of  this,  M.  Sommeiller  suggested  the  idea  of  a  perforator 
of  greater  simplicity  than  that  of  Mr.  Bartlett.  The  experiments  which 
have  been  made  with  these  machines  prove  generally,  that  whether  it 
be  the  perforator  of  Mr.  Bartlett  or  of  M.  Sommeiller,  the  holes  are 

made  from  15  to  20  times  as  fast  as  by  hand Observe, 

these  are  not  complicated  machines,  but  very  simple ;  and  when  we 
shall  have  studied  them  more,  they  will  become  still  more  so." 

We  cannot  give  M.  Menabrea's  speech  at  length,  which  is  full  of 
adroit  unfairness  to  Bartlett,  whose  claims  he  could  not  pass  over  nor 
deny,  and  of  partiality  to  Sommeiller.  It  will  be  observed  that  he 
makes  it  to  be  inferred  that  Sommeiller  had  actually  had  some  machine 
successful!}'  at  work  at  Genoa  along  with  Bartlett's,  and  that  both 
machines  had  done  equal  work  with  air.  What  will  be  thought  of 
General  Menabrea's  fairness  when  we  state  that  we  have  it  under  Mr. 
Bartlett's  hand  that  a  machine  brought  to  Genoa  by  Sommeiller  for 
trial  never  made  but  one  blow,  and  was  by  that  disabled,  and  that  his 
(Bartlett's)  machines  were  the  only  ones  which  worked  at  all. 

But  this  was  not  the  only  injustice  done  to  Bartlett.  Up  to  the 
time  of  his  death  the  Italian  Government  had  not  paid  him  a  shilling  of 
the  great  expense  he  had  gone  to  in  preparing  and  working  the  machines 
at  Genoa ;  and  no  notice  had  been  taken  of  many  applications  made 
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(uuder  terras  of  his  agreement)  to  the  officials  at  Turin  ;  nor  had  a 
memorial,  which  he  presented,  in  February,  1862,  to  the  Minister  of 
Public  Works,  asking  for  payment  of  his  claim  of  60,000  francs,  been 
attended  to. 

Thus  it  is  that  one  injustice  leads  to  another.  It  is  probably  quite 
untrue  that  General  Menabrea  has  or  had  (as  rumoured)  some  conjoint 
interest  with  Messrs.  Sommeiller  &  Co.  But  this  delay  of  payment  of 
an  indisputable  claim,  without  reason  assigned  or  reply,  must  have  had 
its  origin  in  this,  that  its  payment  would  naturally  have  led  to  the 
consequential  admission  of  Bartlett's  claims  as  an  inventor  and  patentee, 
and  embarrassed  those  who  have  assisted  the  existing  contractors  into 
their  position.  The  short  and  simple  answer  to  the  statement  of  M. 
Menabrea,  that  Sommeiller's  imaginary  machine  of  Genoa  was  simpler 
than  Bartlett's,  is,  it  did  not  exist  as  a  working  machine. 

The  best  commentary  on  his  speech  is,  that,  as  regards  simplicity, 
four  machines  are  always  out  of  order  at  the  Mont  Cenis  tunnel  for  one 
in  working  condition,  and  that  the  work  done  in  equal  times  is  less  than 
one-half  that  done  in  the  experimental  trials  by  Bartlett's  machines.  In 
fact,  the  prime  peculiarity  of  Bartlett's  machines,  which  secured  their 
durability,  was  his  introduction  of  the  air-cushion  between  the  piston 
and  the  jumper.  This  was  omitted,  and  constituted  the  simplification 
of  M.  Sommeiller ! 

So  much  for  the  chronological  facts  of  the  subject. 

We  shall  proceed  in  our  next  paper  to  describe  Mr.  Bartlett's  machines, 
working  drawings  of  which  he  furnished  us  with  before  his  demise. 
We  shall  also  refer  to  some  others  in  use  elsewhere. 


THE   PRODUCTION    OF    THE    USEFUL    METALS   IN   THE 
UNITED  KINGDOM.     By  Robert  Hunt,  F.R.S. 

IRON   ORE. 

There  is  no  mineral  industry,  in  this  country,  which  is  in  all  respects 
so  important  as  that  of  Iron.  Although  the  value  at  the  place  of  pro- 
duction of  the  iron  ores  raised  annually  does  not  exceed  three  millions 
sterling,  and  that  of  coal,  at  the  pit's  mouth,  is  more  than  twenty 
millions,  yet  the  iron  in  its  first  stage  of  production,  as  pig  iron, 
acquires  a  real  value  of  ten  millions ;  and  at  every  subsequent  stage  of 
conversion,  as  bars,  rails,  plates,  sheets,  &c,  the  increase  is  ever  in 
arithmetical  progression,  and  this  is  often  exceeded.  When  we 
reflect  on  the  numerous  purposes  to  which  iron  and  steel  are  now 
applied,  from  the  ponderous  cranks  employed  in  the  steam  engines  of 
our  war  ships,  and  the  massive  plates  which  shield  them,  to  the  finest 
wire  and  the  most  delicate  springs,  we  must  acknowledge  the  importance 
of  iron  to  us,  indeed  to  the  world.  It  may  be  interesting  to  give,  for 
the  last  ten  years,  a  statement  of  the  quantities  of  pig  iron  produced  in 
this  country,  and  the  number  of  blast  furnaces  employed  in  producing 
it:— 


Year. 

1854 
1855 
1856 
1857 
18.58 
1859 
1860 
1861 
1862 
18C3 
1864 


Furnaces 
in  Blast. 

555 
589 
632 
628 
618 
607 
583 
569 
562 
597 
594 


Pig  Iron  made. 
Tons. 

3,069,838 
3,218,154 
3,586.377 
3,659,447 
3,456,064 
3,712,904 
3,826,752 
3,712,390 
3,943,469 
4,510,040 
4,179,305 


From  this  table  it  will  be  apparent  that  there  has  been  a  gradual 
increase  in  our  make  of  pig  iron  for  several  years,  and  that  in  1856 
the  largest  number  of  furnaces  were  in  blast ;  though  the  make  of  iron 
was  not  in  proportion.  This  will  he  explained  by  stating  that  all  the 
more  recently  erected  blast  furnaces  have  been  much  larger  than  those 
previously  built.  As  examples  of  this,  the  capacities  of  a  few  old  and 
new  blast  furnaces  are  given  : — 

Cubic  feet. 

Madeley  Wood,  Shropshire 2,600 

Blaenavon,  South  Wales, 5  540 

Russell's  Hall,  South  Staffordshire,  5,280 

Barrow,  Lancashire, 9,300 

EM<w  Vale,  South  Wales, 8,000 

Cwm  Celyn,  South  Wales 16,660 


The  pig  iron  of  this  country  is  obtained  from  several  varieties  of 
iron  ores,  which  are  found  distributed  through  a  somewhat  wide  range 
of  geological  formations,  and  over  nearly  every  division  of  those  islands. 
They  differ,  as  might  have  been  expected,  considering  the  widely  dis- 
similar conditions  under  which  the  ores  have  been  deposited,  considerably 
in  their  chemical  constituents.  Consequently,  the  iron  produced  from 
them  presents  physical  characteristics,  which  are  determined  mainly  by 
what  ma)'  properly  be  called  the  accidental  mixtures  in  the  ore.  These 
are  questions,  however,  which  cannot  be  entertained  in  the  present 
paper,  as  its  limits  will  only  admit  of  our  embracing  descriptions  of  the 
localities  in  which  the  iron  ores  are  found,  their  modes  of  occurrence, 
the  quantities  produced  annually,  and,  as  far  as  existing  evidence  will 
admit  of  it,  an  examination  of  the  probable  duration  of  each  supply. 
Some  trouble  has  been  taken  to  ascertain  the  mean  average  quantity 
of  iron  contained  in  the  ores  named  in  the  following  list,  which  may  be 
regarded  as  types  of  those  which  are  employed  in  this  country.  The 
per  centage  given  in  each  case  has  been  obtained  from  the  most  reliable 
analyses  of  many  varieties  of  the  ore  named : — 

Yields  of  Iron. 
Per  cent. 

1.  Magnetic  Oxide  of  Iron, 56-10 

2.  Red  Hajmatite, 6513 

3.  Brown  Hsematite, 41-40 

4.  Do.        do.        [Oolitic), 35-60 

5.  Sphathose  Ores, 40  95 

6.  Argillaceous  Ores,  (Clay-band), 30.68 

7.  Do.  (Black-band), 37.8 

8.  Mean  average  of  all  these  ores,  supposing  them  )      47. so 

to  be  employed  in  equal  quantities, ) 

Since,  however,  the  argillaceous  iron  ores  of  the  coal  measures  are 
used  in  far  larger  proportions  than  any  of  the  others,  it  may  be  stated 
in  general  terms,  that  about  two  and  a  half  tons  of  iron  ore  are  employed 
to  produce  one  ton  of  pig  iron.  This  general  statement  appeared 
necessary,  in  the  first  place,  as  showing  the  value  of  British  iron 
manufacture  ;  and  in  the  second,  for  determining  the  value  of  the  raw 
materials  upon  which  the  iron-master  has  to  work. 

Taking  the  ores  in  the  order  in  which  they  have  already  been  placed, 
we  proceed  to  the  main  subject  of  our  consideration. 

Magnetic  Iron  Ores. — Magnetic  oxide  of  iron,  or  magnetite,  is  a 
compound  of  the  sesquioxtde  of  iron  and  protoxide  of  iron,  and  when 
pure  it  contains  as  much  as  72  per  cent,  of  metal.  It  usually  holds 
in  mixture  alumina,  lime,  magnesia,  and  silica,  a  little  manganese, 
and  often,  in  combination,  some  phosphoric  acid.  In  some  of  the 
magnetic  ores  of  Cornwall  and  Devonshire,  tin  has  been  found.  This 
ore  is  usually  discovered  in  the  older  formations,  and  very  generally 
it  is  associated  with  some  igneous  rock,  to  the  action  of  which,  in  all 
probability,  its  magnetic  character  is  due.  In  Cornwall  several  veins 
or  lodes  of  magnetic  ore  are  known  ;  but  a  few  only  of  them  have  been 
worked,  and  those  but  sparely.  The  more  remarkable  lodes  are  found 
near  Penryn,  and  at  a  short  distance  from  St.  Austell.  The  first  is  on 
an  estate  called  Treluswell,  and  it  has  been  traced  to  the  valley  of  Pons- 
an-nooth,  which  is  more  than  two  miles  distant.  This  lode  was  thought 
by  its  first  discoverers  to  have  been  an  ore  of  tin,  and  it  was  worked 
under  that  impression.  Although  containing,  in  some  parts  of  the  lode, 
1  per  cent,  of  tin,  it  was  valueless  as  a  source  of  that  metal,  and  for 
many  years  the  piles  of  ore  which  had  been  raised,  encumbered  the 
ground.  Eventually  a  person  residing  at  Penryn  introduced  it  into 
Wales  as  a  valuable  iron  ore,  and  he  made,  it  is  stated,  a  large  profit 
by  his  speculation.  From  both  extremities  of  the  lode  ore  has  been 
raised  within  the  last  few  years,  but  the  works  are  pursued  but  languid!}', 
and  hence  it  may  be  concluded,  not  profitably.  At  Ladock,  a  few  miles 
from  St.  Austell,  the  second  lode  mentioned  occurs.  This  lode  has 
been  worked  for  many  years  over  an  extensive  tract,  and  considerable 
quantities  are  annually  raised  and  shipped  for  Wales,  from  the  nearest 
sea-port. 

A  much  more  extensive  deposit  of  this  ore  is  found  on  the  southern 
flank  of  Dartmoor,  where,  near  the  Haytor  rocks,  can  be  seen  a  series 
of  veins,  or  beds — for  it  is  somewhat  difficult  to  determine  by  which 
name  they  are  most  appropriately  designated — interstratified  with  altered 
slate  and  masses  of  greenstone  porphyry.  This  remarkable  deposit  has 
been  extensively  worked,  though  at  present,  owing  mainly  to  the  cost 
of  carriage,  all  is  in  a  state  of  repose.  Fine  specimens  of  magnetite 
are,  however,  still  to  be  obtained  from  the  waste  heaps  of  the  aban- 
doned workings. 
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These  beds  of  ore  dip  with,  but  somewhat  faster  than  the  hill,  and 
a  curious  change  occurs  as  they  recede  from  the  granite  and  the  trap 
rocks.  They  gradually  lose  their  magnetic  character,  and  pass  into 
brown  hematite,  which  is  in  many  places  deeply  bedded  in  a  ferru- 
ginous clay.  At  the  base  of  this  hill  on  the  Smallacombe  estate, 
the  ore  has  been  worked  by  the  Atlas  Mining  Company ;  but  it  is  now 
in  the  hands  of  a  gentleman  who  purchased  the  property,  and  who  only 
awaits  the  nearer  approach  of  a  railway  in  process  of  construction,  to 
develope  it.  As  long  since  as  1G67,  a  large  mass  of  magnetic  ore  was 
sent  to  the  Royal  Society  from  Devonshire,  by  Dr.  Edward  Cotton.  This 
mass  is  said  to  have  been  so  magnetic,  that  it  moved  a  needle  placed  at 
the  distance  of  nine  feet  from  it.  It  has  been  stated  that  this  specimen 
of  magnetite  was  found  at  South  Brent.  No  such  statement  is  made  in 
the  Transactions  of  the  Royal  Society,  although  it  might  probably  have 
been  derived  from  a  layer  of  this  ore  near  Brent,  which  rests  like  a  shell 
upon  a  trap  rock  which  extends  over  a  considerable  tract.  Two  or  three 
attempts  have  been  made  to  work  this  deposit ;  but  it  is  so  irregular  in 
its  mode  of  occurrence,  and  so  uncertain  in  its  composition,  that 
hitherto,  as  a  commercial  speculation,  it  has  not  been  successful. 

There  is  but  one  other  mass  of  magnetic  iron  ore  which  will  require 
description — that  is,  the  deposit  in  the  Rosedale  Abbey  district,  York- 
shire. There  has  been  so  much  discussion  respecting  the  nature  and 
origin  of  this  deposit,  that  a  brief  description  of  it  will  not  be  out  of 
place.  The  first  discovery  of  this  deposit  of  ironstone  was  at  a  quarry, 
on  the  south-west  side  of  the  valley  of  Rosedale,  about  a  mile  south  from 
Rosedale  Abbey.  When  this  quarry  was  opened  out,  it  was  found  to 
consist  of  apparently  a  confused  mass  of  ironstone  boulders,  of  an 
ellipsoidal  structure,  often  three  or  four  feet  in  diameter ;  the  central 
part  of  thess  boulders  being  generally  blue,  and  consisting  of  a  solid 
dark  oolitic  iron  ore,  with,  in  many  cases,  sandy  and  solid  ironstone 
crusts  around  it,  and  in  receding  from  the  centre  the  iron  ore  becomes 
paler,  alternating  with  dark-brown  purplish  layers;  the  layer  then 
becomes  pale  brown,  and  the  magnetic  character  is  lost.  These  changes 
are  evidently  due  to  the  action  of  air  and  water  upon  the  original 
magnetic  mass.  These  variations  do  not  occur  where  the  ironstone  is 
covered  by  other  strata,  and  the  magnetic  property  is  strongest 
where  the  mass  is  thickest,  showing  scarcely  any  magnetism  in 
places  where  it  is  thin,  or  where  it  has  little  cover.  The  condition 
under  which  this  iron  ore  occurs,  will  be  at  once  seen  from  the  accom- 
panying section,  copied  from  a  larger  section  given  by  Mr.  Nicholas 
Wood.*      The  peculiar  condition  of  the  mass  will  also  explain  why 

Fig.  1. 
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considerable  differences  of  opinion  have  arisen  amongst  practical  men  as 
to  its  nature  and  origin  ;  Mr.  N.  Wood  being,  for  example,  disposed  to 
regard  it  as  a  bed  having  some  relation  to  known  existing  beds,  whereas 
Mr.  Bewick,  on  the  contrary,  says  "  the  iron  ore  of  Rosedale,  instead  of 
being  a  large  mineral  field  as  was  first  asserted,  and  still  believed  to  be 

^Transactions  of  North  of  England  Institute  of  Mining  Engineers,  vol.  vii., 
1858-59. 


so  by  many,  is  nothing  more  than  a  volcanic  dyke ;  and,  secondly,  that 
the  ironstone  lately  opened  out  in  this  locality,  is  not,  as  it  is  reputed 
to  be,  the  main  seam  now  being  worked  in  Cleveland  and  Grosmont 
districts."* 

Mr.  Bewick  gives  a  section  of  the  Rosedale  quarry,  which  being 
taken  from  another  point  of  view  thau  the  former  section,  and  as 
illustrating  this  peculiar  deposit,  we  have  also  engraved.     That  there 
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is  a  "  slip  dyke"  here  is  clearly  made  out,  but  its  volcanic  character  is 
questionable.  Why  any  of  those  who  have  written  on  the  Rosedale 
deposit  should  have  supposed  heat  to  be  essential  to  the  production  of 
magnetic  oxide  of  iron,  it  is  rather  difficult  to  understand.  It  is  quite 
true  that  by  heat  the  magnetic  oxide  can  be,  and  often  is  formed ;  but 
an  lydrated  magnetic  oxide,  which  this  Rosedale  ore  most  resembles, 
can  be  readily  obtained  as  a  precipitate  from  an  aqueous  solution.  At 
the  same  time  it  must  be  admitted,  that  this  mass  may  have  been 
originally,  like  much  of  the  ore  which  is  found  in  the  neighbourhood, 
a  carbonate  of  the  oxide  of  iron,  which  by  beat  has  been  converted 
into  that  mixture  of  peroxide  and  protoxide  of  iron,  which  gives  the 
magnetic  character  to  the  stone.  The  analysis  given  by  Mr.  Marley 
of  this  iron  ore,  shows  50  per  cent,  of  metallic  iron ;  the  produce  of  a 
large  quantity  smelted  at  Conset,  gave  55  per  cent,  from  the  calcined 
ore,  and  45  per  cent,  from  the  raw  stone.  Another  analysis  by  Mr. 
J.  Pattinson,  gave  protoxide  of  iron  35-85 ;  peroxide  of  iron  32-67 ; 
the  metallic  iron  being  49'20.f  This  mineral,  magnetite,  has  been  found 
in  small  quantities  in  many  other  parts  of  these  islands.  In  Scotland  it 
has  been  discovered  at  Portsoy  in  Banffshire  and  in  Aberdeenshire,  in 
the  Shetland  islauds  and  the  Hebrides.  In  Ireland,  it  exists  at  Muck 
and  Magee  islands,  county  Antrim,  near  Crogau  Kinshela  in  Wicklovv, 
and  in  the  Mourne  Mountains. 

Red  Hcematitc. — The  most  important  deposits  of  this  anhydrous 
sesquioxide  of  iron,  are  found  in  North  Lancashire  and  Cumberland. 
This  ore  of  iron  is  found  in  several  parts  of  the  United  Kingdom,  but 
nearly  always  associated  with  carboniferous  limestone  rocks.  At  the 
Mumbles  near  Swansea  it  has,  for  example,  been  worked  for  many  years, 
and  in  some  parts  of  Devonshire  and  Cornwall  red  haematites  have 
been  found.  Much  confusion,  however,  exists  between  the  red  and  the 
brown  haematites,  numerous  localities  being  given  for  the  former  which 
properly  belong  to  the  latter  ore. 

The  importance  of  the  haematite  deposits  of  Whitehaven  and  Ulver- 
stone,  demands  especial  notice.  At  Whitehaven  this  ore  is  found  in 
carboniferous  limestone  and  the  millstone  grit  (locally  called  "  whirl- 
stone"),  near  the  outcrop  or  surface  edge  of  the  slaty  rocks  upon 
which  these  formations  rest.  An  attentive  examination  of  all  the 
conditions  under  which  this  haimatite  occurs,  proves  it  to  have  been  a 
deposit  from  water,  which  at  some  period  flowed  through  the  chasms, 
hollows,  and  caverns  in  which  it  is  found.  These  receptacles  of  the 
iron  ore  had  evidently  been  formed  by  the  same  process  which  we 
may  now  witness  going  forward  in  every  limestone  country;  water 
charged  with  carbonic  acid  dissolving  out  carbonate  of  lime,  and  thus 
producing  wear  by  solution  on  the  one  hand,  and  disintegration  on 
the  other. 

From  whatever  sources  the  ores  at  Whitehaven  and  at  Ulverstone 
may  have  been  derived,  there  are  indications  which  show  that  they 
had  a  common  origin  ;  the  probability  being  that  oxide  of  iron,  which 

*  Ibid.,  vol.  vi.  See  also  Mr.Marley's  paper  on  the  "  Cleveland  Iron  Ore  District," 
vol.  v. 

f  See  "  Industrial  Resources  of  the  Tyne,  Wear,  and  Tees."  Mr.  J.  Lowthian 
Bell's  paper  on  the  "  Manufacture  of  Iron." 
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existed  in  rocks  possibly  much  older  than  those  in  which  the  ore  is  now 
found,  was  dissolved  out  by  carbonic  acid  in  water,  and  held  in  solution 
so  long  as  there  was  an  excess  of  that  acid,  or  of  vegetable  matter 
undergoing  decomposition  and  thus  producing  it.  When,  however,  the 
ferruginous  water  lost  by  exposure  its  carbonic  acid,  the  iron  would 
become  oxidized  on  its  surface,  and  be  deposited  as  a  peroxide  in 
the  state  in  which  we  find  it.  Where  the  iron  deposits  are  near  the 
coal  measures,  they  have  been  found  as  argillaceous  carbonates, 
and  at  Milyeate  there  are  some  beds  of  hxmatite  as  thin  as  2  or  3 
inches,  and  rarely  exceeding  12  inches,  which  support  this  view.  The 
deposits  in  general  around  Whitehaven  are  very  massive.  At  Todholes, 
where  the  ore  has  been  worked  out  as  a  quarry,  the  bed  has  a  thickness 
of  20  feet,  and  at  the  mines  belonging  to  the  Park  Mining  Company, 
it  has  been  met  with  to  the  thickness  of  70  feet.  In  these  mines 
cavities  not  unfrequently  occur,  around  which  the  ore  assumes  those 
botryoidal  forms  known  as  "kidney  ore."  In  those  cavities  rock 
crystal,  calcareous  spar,  and  arragonite,  are  also  found.  The  accom- 
panying section  of  the  important  iron  ore  district  of  Frizington,  will 
convey  a  correct  idea  of  the  manner  in  which  these  deposits  occur. 

Fig.  3. 


Between  the  slate  hills  which  rise  at  the  back  of  Ulverstone,  and  the 
new  red  sandstone,  on  which  stands  the  beautiful  ruins  of  Furness  Abbey, 
is  found  the  carboniferous  limestone,  covered  up  for  the  most  part 
with  drift  deposits.  In  this,  over  an  area  of  about  six  miles  long  and 
four  broad,  red  haematite  has  been  worked  in  numerous  localities. 
Some  of  the  workings  are  of  considerable  antiquity.  We  find,  indeed, 
in  many  of  the  oldest  documents  connected  with  Furness  Abbey,  grants 
of  the  iron  ore  in  the  district  of  Low  Furness  to  the  monks  of  that 
ecclesiastical  establishment. 

The  ores  of  Ulverstone  differ  in  some  respects  from  those  of  White- 
haven. There  is  a  considerable  quantity  of  ore  of  a  very  compact 
character,  which  is  known  as  "blast  ore;"  but  many  of  the  fissures  and 
ponds  of  ore  are  filled  with  "  raddle,"  a  less  coherent  aggregate  of 
extremely  delicate  filmy  scales  of  micaceous  iron.  This  is  sold  as 
"  puddling  ore,"  for  the  purpose  of  forming  the  bottom  of  puddling  fur- 
naces, and  it  fetches  a  higher  price  than  the  "  blast  ore."  There  are 
no  indications  of  anything  approaching  to  a  true  lode  in  any  part  of 
this  important  haematite  district.  At  Stainton,  near  Dalton,  it  was 
long  thought  that  the  chasm  worked  open  to-day,  some  20  or  30  feet 
in  width,  was  a  lode  of  regular  character,  and  it  was  expected  to  con- 
tinue far  beyond  the  60  yards  to  which  a  shaft  had  been  sunk.  The 
result  is  shown  in  the  accompanying  transverse  section  of  this  working. 
The  stone  arch  was  built  for  the  purpose  of  supporting  the  walls  of  the 
chasm,  from  which  the  iron  ore  was  to  be  removed,  expecting  that  the 
deposit  would  prove  of  considerable  depth.  Within  a  short  distance 
a  bed  of  clay  was  met  with,  below  which  there  was  not  a  trace  of  iron 
ore.  A  shaft  was  sunk  through  this  bed  of  clay,  hoping  to  find  a  con- 
tinuance of  the  haematite ;  but  the  only  result  was  to  prove  the  occur- 
rence of  a  fault,  and  a  continuation  of  the  "  blue  hunger  "  (the  local 
name  of  the  clay)  under  the  limestone. 

At  Rickett  Hills  and  Mousell,  near  the  town  of  Dalton,  the  hjematite 
has  been  worked  in  several  lake-like  depositories — they  have  been 
spoken  of  as  "  dish-shaped."  On  all  sides  the  workings  have  been 
abruptly  stopped  by  the  limestone.  These  "  dishes  "  of  ore  run  from 
50  to  60  yards  in  width,  and  are  from  18  to  20  feet  deep  ;  and  usually 
they  are  covered  only  with  the  drift  deposit  of  the  country.  At  Park 
and  Roanhead,  between  Dalton  and  the  western  coast,  is  another 
remarkable  tract.  There  the  ore  occurs  in  two  basins,  which  are 
slightly  connected  with  each  other,  but  they  have  nothing  of  the  cha- 
racter of  a  mineral  lode.  These  basins  are  covered  for  the  most  part 
with  sea-sand,  which  is  overlaid  by  some  yards  of  tenacious  clay.     It 


will  be  readily  seen  that,  in  working  such  a  deposit  as  this,  the  utmost 
care  is  required.  Mr.  W.  W.  Smyth,  in  his  paper  on  those  iron 
ore  mines,  which  accompanies  the  analysis  of  the  iron  ores  of  Great 
Britain  published  by  the  Museum  of  Practical  Geology,  thus  describes 
the  conditions  : — 

"  In  the  ordinary  process  each  stage  of  the  working  is  9  feet  high, 

Fig.  4. 
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and  one  horizon  is  entirely  cleared  out  before  the  next  beneath  it  is 
commenced ;  the  roof  is  meanwhile  partially  supported  by  strong  timber 
framing,  so  that  when  several  such  stages  have  been  exhausted,  the 
place  of  the  ore  is  occupied  by  a  certain  quantity  of  refuse,  and  by  a 
collapsing  forest  of  Baltic  pine.  No  precautions  can  long  save  a  shaft, 
except  of  the  smallest  dimensions,  placed  in  such  a  subsiding  mass. 
An  attempt  was  made  at  Stainton  not  long  since,  to  work  by  means  of 
a  shaft  24  feet  long  by  12  feet  broad,  in  opposition  to  the  experience  of 
the  miner.  It  soon  began  to  yield.  Various  devices  were  employed 
to  keep  the  closing  walls  apart,  but  in  vain;  the  whole  fabric  went  down 
together,  and  has  left  scarcely  a  wreck  behind." 

The  importance  of  the  two  localities  of  Whitehaven  and  Ulverstone, 
as  iron-producing  districts,  will  be  shown  by  the  following  returns  for 
the  last  ten  years : — 


WHITEHAVEN 

TJI.VERSTONE 

DISTRICT. 

DISTRICT. 

TOTAL. 

Years. 

Tons. 

Tons. 

Tons. 

1855      . 

.....    200,788 

336,828 

537,616 

1856     . 

464,853 

724,020 

1857     . 

323,812 

592,390 

916,202 

1858     . 

331,542 

433,546 

770,088 

1859     . 

449,046 

849,352 

1860     . 

520,829 

987,680 

1861     . 

472,094 

519,180 

991,274 

1862     . 

533,120 

559,391 

..       1,092,511 

1863     . 

690,083 

658,642 

..      1,348,725 

1864     . 

780,532 

820,500 

..      1,601,032 

Compared  with  this,  all  the  other  sources  of  the  red  haematite  are 
insignificant.  Small  quantities  are  raised  from  the  limestones  of  Derby- 
shire, and  a  few  other  places,  but  they  are  of  small  importance.*  For 
some  years  haematite  ore  has  been  worked  at  Ashton  Hill,  near  Bristol, 
and  in  the  carboniferous  limestones  in  other  parts  of  western  England, 
but  no  very  large  quantities  have  been  obtained  from  these  sources. 

*  Some  interesting  particulars  of  those  districts  will  be  found  in  a  paper  by  M. 
S.  Jordan,  entitled,  "  Note  on  the  Manufacture  of  Haematite  Pig  Iron  in  North 
Lancashire  and  Cumberland,"  published  in  the  Revue  Universelle  de$  Mines, 
&c,  1862. 
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Brown  Hcernutite. — It  may  not  be  known  to  all  that  the  popular  dis- 
tinction between  the  red  and  the  brown  haematite  is,  that  the  former 
produces  a  red  streak,  and  the  latter  a  brownish-yellow  streak,  when 
drawn  across  a  piece  of  unglazed  pottery.  The  chief  locality  for  this 
ore  is  the  Forest  of  Dean  in  Gloucestershire,  where  it  has  been  worked 
from  the  earliest  times  Forest  trees  now  grow  upon  the  waste  heaps 
which  resulted  from  the  rude  metallurgical  operations  of  our  ancestors. 
King  James  I.  and  Oliver  Cromwell  were  Forest  of  Dean  iron-masters. 
The  Forest  of  Dean  may  be  regarded,  geologically,  as  a  basin,  which  is 
nearly  surrounded  by  the  old  red  sandstone,  upon  which  rests  caibon- 
iferous  limestone,  millstone  grit,  and  the  coal  measures.  The  upper 
beds  of  the  carboniferous  limestones,  and  the  lower  beds  of  the  mill- 
stone grit,  are  known  as  the  "  mine  measures,"  from  the  vast  quantities 
of  iron  ore  which  they  contain — in  this  respect  resembling  the  red 
haematite  districts  of  Lancashire  and  Cumberland.  The  Forest  of  Dean 
ores  are  usually  classified  into  "Brush,"  "  Smith  mine,"  and  "Clod." 
According  to  the  analyses  given  by  Dr.  Percy,  these  ores  contain 
respectively  of  sesquioxide  of  iron  and  metallic  iron,  the  following 
quantities : — 

Sesquioxide.  Metallic  Iron. 

Brush  ore, 90-05  =  63'04 

Smith  mine, 89'7S  =  62'86 

Clod,  or  grey  vein, 49'98  =  3446 

The  brush  ore  is  compact,  of  a  semi-metallic  lustre,  often  botryoidal, 
and  exhibits  a  fibrous  and  radiated  structure. 

The  smith  mine  is  a  finely-divided  and  very  pure  peroxide  of  iron. 

The  clod  is  a  calcareous  marl,  impregnated  with  the  peroxide  of 
iron.     It  contains  14  per  cent,  of  lime,  and  10  per  cent,  of  magnesia. 

The  quantities  of  brown  haematite  raised  in  the  Forest  of  Dean  during 
the  five  years  ending  1863,  have  been  as  follows  :— 

Tons. 

1859      106,292 

1860      90,466 

1861      100,419 

18G2      158,908 

1863      121,397 

During  the  last  two  years  the  consumption  of  the  iron  furnaces  in 
the  Forest,  viz.,  Cinderford,  Parkend,  and  Soudley,  has  been  about 
100,000  tons  per  annum,  nearly  the  whole  of  the  remaining  quantity 
having  been  sent  into  South  Wales. 

Lelaud,  in  his  "  Itinerary,"  1533-1540,  says  : — "  There  are  two  faire 
parkes  by  south  of  Llantrissant,  now  unimpalid  and  without  deere. 
There  is  yren  now  made  in  one  of  these  parkes,  named  '  Glinog.'  " 
Strangely  enough,  the  existence  of  iron  at  Llantrissant  was  entirely 
forgotten,  and  the  discovery  of  brown  haematite  was  regarded  as  some- 
thing quite  new.  After  new  excavations  had  been  made,  the  workings 
of  the  "  old  men  "  were  found  to  have  been  extensive,  and  in  them  tools 
and  other  relics  were  discovered. 

The  iron  ore  deposit  around  Llantrissant  may  be  regarded  as  the 
lowest  bed  of  the  Permian  series — that  is,  it  is  found  at  the  bottom  of 
the  magnesian  conglomerate,  distributed  irregularly  in  the  hollows  and 
fissures  formed  in  the  upturned  edges  of  the  mountain  limestone.     The 
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accompanying  section  typically  represents  the  conditions  of  this  inter- 
esting locality. 

One  of  the  basins  at  Mwyndy,  which  contained  a  great  quantity  of 
iron  ore,  assumed  a  wedge-like  shape  at  the  outcrop,  and  thickened  as 
the  basin  was  opened  out  in  depth.  The  Bute  haematite  mines, 
Mwyndy,  Wenooe,  and  one  or  two  smaller  works,  are  now  producing 
large  quantities  of  a  really  useful  ore,  the  analysis  of  which  gives  70 
per  cent,  of  sesquioxide  of  iron,  or  48  9  per  cent,  of  metallic  iron.  A 
singular  discovery  of  iron  ore  was  made  in  1861  by  the  late  Ebenezer 
Rogers  of  Abercarne.  After  observing  the  position  of  the  pisolitic  red 
iron  ore  (termed  "  oligest ")  in  Belgium,  which  has  lately  come  into 


extensive  use,  Mr.  Rogers  searched  the  corresponding  part  of  the  strata 
in  this  country — namely,  the  bottom  of  tha  carboniferous  limestones. 
At  their  south  outcrop  in  South  Wales,  at  Cwm  Noddi,  he  discovered 
a  precisely  similar  bed  of  workable  thickness,  red,  flaky,  pisolitic,  and 
abounding  in  stems  of  enorinites,  just  as  may  be  seen  near  Charleroi. 
At  Frampton  Cotterell,  some  discoveries  of  iron  ore  have  been  made, 
which  promise  to  be  of  considerable  importance.  Here  and  there,  in 
the  limestones  of  the  Mendip  Hills,  are  some  very  good  iron  ores  of  this 
character,  but  they  have  hitherto  been  worked  somewhat  spasmodically. 
In  the  hollows  of  the  Devonian  limestones  which  occur  around  Torbay, 
considerable  deposits  of  brown  haematite  are  found ;  and  in  the  neigh- 
bourhood of  Brixham  three  or  four  excavations  are  being  carried 
actively  forward.  In  1863,  from  these  mines  about  3000  tons  were 
shipped,  and  in  1864  about  4500  tons. 

This  iron  ore  may  be  cited  as  an  example  of  the  uncertainty  which 
exists  at  present  in  our  classifications.  It  will  be  found  in  several 
works  named  as  red  haematite,  whereas  none  of  it  exists  as  an  anhydrous 
ore.  It  is  possible  that  this  error  has  arisen  from  the  circumstance 
that  Wolston's  iron  paint,  which  is  extensively  employed,  is  manufac- 
tured from  these  ores  calcined,  which,  of  course,  renders  them  anhy- 
drous. The  brown  haematite  at  Smallaeombe,  near  Newton,  has  been 
already  named,  and  it  is  only  again  referred  to  for  the  purpose  of 
explaining  that  it  is  generally  known  as  the  "  Teignmouth  ore,"  from 
the  circumstance  of  its  being  shipped  at  that  port.  Along  the  line  of 
the  South  Devon  Railway,  there  are  indications  of  hoematitic  deposits, 
beneath  the  ferruginous  conglomerates  which  are  so  striking  a  feature 
in  the  cuttings,  which  may  by-and-by  be  found  to  be  of  considerable 
value. 

Numerous  deposits  of  brown  iron  ore  exist  in  Cornwall,  but  compara- 
tively only  a  few  of  these  are  worked.  It  happens,  somewhat  unfor- 
tunately, that  a  very  strong  prejudice  has  been  generated  in  the  minds 
of  the  Welsh  iron-masters  against  the  Cornish  ores,  from  the  circum- 
stance that,  owing  to  carelessness  in  working,  and  certainly  no  care  in 
selection,  cargoes  of  very  inferior  ores  have  been  sent  to  South  Wales. 
The  error  has  been  made  in  ignorance ;  and  without  doubt  a  fresh 
demand  for  many  of  the  valuable  iron  ores  existing  in  that  great  mineral 
district  must  ere  long  arise,  when  a  much  less  objectionable  system 
will  be  adopted.  There  are  several  iron  mines,  however,  which  have 
maintained  their  reputation.  Amongst  these  may  be  named  the  Royal 
Restormel  iron  mine  near  Lostwithiel,  the  property  of  H.R.H.  the 
Duke  of  Cornwall ;  Pawton,  near  Wadebridge  ;  Retire  Ladock,  Penhall, 
and  others,  near  St.  Austell — the  annual  produce  of  these  mines  vary- 
ing from  20,000  to  30,000  tons,  and  the  best  class  of  ores  giving  about 
50  per  cent,  of  the  sesquioxide  of  iron,  or  36  per  cent,  of  metallic  iron. 
All  these  lodes  are  in  the  clay  slate  or  "killas"  of  the  county,  which 
rocks  are  now  generally  considered  to  be  of  the  Devonian  or  old  red 
sandstone  age.  On  the  north  coast  of  Cornwall,  the  visitor  to  the 
beautiful  and  most  extensive  sands  of  Perranzabuloe  will  find  in  the 
cliffs  a  lode  of  iron,  having  the  remarkable  width  of  100  feet.  This 
lode  has  been  traced  many  miles  inland,  and  worked  upon  in  several 
places.  Although  near  the  surface  it  exists  as  brown  ore,  it  is  in 
reality  a  deposit  of  spathic  carbonate,  the  superficial 
portions  of  which  have  by  atmospheric  influences 
suffered  decomposition.  A  special  description  of  this 
remarkable  lode  is  reserved  for  the  section  on  the 
spathose  ores. 

In  the  Cwm  mountains,  and  near  Prestatyn  in 
North  Wales,  brown  haematites  are  from  time  to  time 
worked ;  but  no  regular  supply,  in  quantity,  has  yet 
been  obtained  from  North  Wales. 

At  Froghall,  near  Cheadle  in  Staffordshire,  a  very 
remarkable  calciferous  brown  haematite  occurs,  which 
is  largely  used  in  the  iron  furnaces  of  that  county.  This  ore  occurs 
in  the  lowest  portion  of  the  coal  measures.  It  will  probably  be  found 
to  be  an  altered  ferruginous  limestone — many  of  the  limestones  of 
Staffordshire  containing  notable  quantities  of  oxide  of  iron.  The  analysis 
of  this  ore,  as  made  by  Dr.  Percy,  appears  to  support  this  view : — 

Sesquioxide  of  iron, 52-83 

Lime 1460 

Magnesia, 5*70 

Carbonic  acid, 18'14 

Water  combined, 4-75 

Organic  matter, 1*30 
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From  150,000  to  200,000  tons  of  this  ore  is  raised  and  used  in  the 
district — a  small  quantity,  about  13,000  tons,  being  sent  into  South 
Wales. 

Aluminous  iron  ores  have  been  lately  in  request — the  best  examples 
of  this  variety  of  brown  ore  having  been  found  near  Belfast  in  Ireland. 
Two  specimens,  analysed  in  the  laboratory  of  the  Museum  of  Practical 
Geology,  gave  : — 


Sesqnioxide  of  iron, 35  90 

Protoxide  of  iron, 6-57 

Alumina,    27'95 

Silica,... 9-75 


II. 

2793 
5-08 

34-57 
9-87 


These  aluminous  ores  are  coming  much  into  use.  It  is  stated  on 
the  authority  of  practical  iron-makers,  that  mixtures  of  haematite  with 
aluminous  ore  are  cheaper  than  clayband  ironstones,  a  better  furnace- 
burden,  and  more  free  from  sulphur  and  phosphorus. 

The  consideration  of  the  brown  hoematites  from  the  oolite,  of  the 
spathic  carbonates,  of  the  argillaceous  iron  ores  from  the  coal  measures 
and  from  the  lias,  is  reserved  for  another  paper. 


STEAM  SCREW  HOPPER  BARGES  FOR  THE  SUEZ  CANAL. 

(Illustrated  by  Plate  4.) 

We  are  enabled  in  the  present  part  of  the  Journal  to  place  before 
our  readers  an  account  of  one  of  the  most  interesting  portions  of  the 
apparatus  employed  upon  the  works  of  the  Suez  Canal — the  engineering 
work  of  all  others  now  in  progress  that  presents  perhaps  the  greatest 
amount  of  interest  to  the  engineer,  the  historian,  and  the  politician. 
The  apparatus  to  which  we  refer  is  the  system  of  Steam  Hopper 
Barges  employed  for  conveying  the  material  excavated  from  the  line  of 
the  canal,  and  conveying  it  by  water  to  be  dropped  elsewhere.  These 
barges  have  been  built  in  Great  Britain — the  most  recent  of  them  on 
the  Clyde,  by  Messrs.  Henderson,  Coulborn,  &  Co.,  of  Renfrew;  and 
we  must  here  acknowledge  the  readiness  with  which  Mr.  Lobnitz,  a 
member  of  that  firm,  has  placed  at  our  disposal  the  original  working 
drawings  and  full  information,  from  which  the  accompanying  plate  has 
been  prepared. 

We  have  also  to  acknowledge  valuable  information  from  M.  Amedee 
Buquet,  the  engineer  residing  in  Glasgow,  who  has  watched  the  progress 
of  the  work  on  behalf  of  the  Canal  Company. 

On  Monday,  the  10th  ult.,  the  last  of  these  barges  built  by  the 
above-named  firm  proceeded  down  the  Clyde  on  her  trial  trip,  thence 
to  the  Gareloch  for  the  adjustment  of  her  compasses.  Each  of  these 
barges  is  capable  of  containing  300  tons  of  wet  sand,  and  is  propelled 
by  condensing  engines  of  35  horse-power,  nominal. 

It  is  evident  that,  to  secure  economy  in  the  prosecution  of  the  canal 
works,  these  barges  should  be  constructed  to  transport  the  largest 
quantity  in  the  shortest  possible  time,  and  with  as  small  a  number 
of  them  as  possible.  We  now  proceed  to  show  how  these  intentions 
have  been  realized. 

When  empty,  the  engines  making  from  82  to  84  revolutions  per 
minute,  with  a  pressure  of  steam  between  25  and  26  lbs.,  and  a 
vacuum  of  28'5  to  29  inches  of  mercury,  the  measured  mile  has  been 
run  in  5-6  minutes  ;  and  when  loaded  with  300  tons  of  material  dredged 
from  the  Clyde,  the  pressure  of  steam  being  the  same,  but  the  revolu- 
tions of  the  engines  reduced  to  79  or  80,  vacuum  being  as  before,  the 
measured  mile  was  run  in  609  minutes,  with  a  consumption  of  6  cwt. 
of  coal  per  hour,  as  seen  in  the  subjoined  table  : — 

RUNNING  LADEN  WITH  300  TOSS  OF 

CLYDE  deblai. 

Revolution  of    Pressure  of       Height  of 
Engines        Steam  in  lbs.     Vacuum  in 
per  minute,     per  sq.  inch.  in.  of  Mercury. 

79  to  80        25-5  to  26     285  to  29 

Speed  of  Barge. 

1  Mile  in  608  Minutes  =  9'84  Miles 

per  Hour. 


somasa  empty. 

Revolution  of    Pressure  of       Height  of 
Engines       Steam  in  lbs.     Vacuum  in 
per  minute,     per  sq.  inch.  in.  of  Mercury. 

82  to  84        25-5  to  26     28-5  to  29 

Speed  of  Barge. 

1  Mile  in  5  8  Minntes  =  10-35  Miles 

per  Hour. 


The  first  of  the  barges  built  by  Messrs.  Henderson,  Coulborn,  &  Co. 
arrived  at  Port  Said  from  the  Clyde  in  twenty  days,  including  the  time 
of  coaling  at  Gibraltar  and  Malta.  The  second  and  third  arrived  at 
Gibraltar  in  about  a  week  after  their  departure  from  the  Gareloch. 
Kg.  1  of  Plate  4  is  a  partial  longitudinal  section  and  side  elevation, 
showing  the   general    arrangement   and    construction   of    the   barge. 
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Fig.  2  is  a  corresponding  half  plan  and  horizontal  section.  Fig.  3  is  a 
transverse  section  through  the  hopper  ;  and  fig.  4  is  another  transverse 
section  through  the  engine  room. 

We  cannot  explain  these  vessels  better  than  in  the  words  of  the 
specification  under  which  the  contractors  for  the  barges  have  worked, 
as  follows : — 

Specification  op  Steam  Screw  Hopper  Barge,  capable  of 
containing  300  Tons  of  Wet  Sand,  propelled  with  Con- 
densing Engines,  nominally  of  35  Horse-Power. 

Dimensions  of  Hull. — The  Hull  shall  be  of  Iron  of  the  following 
general  dimensions : — 

Length  of  Keel  and  Fore-rake  to  be   135  feet  0  inches. 

Breadth  of  Mould  to  be  23     "    0      " 

Depth  Moulded  9     "    9      " 

Length  of  Hopper    50     "    0      " 

Breadth  of    do.    at  Deck  19    "    0      " 

Do.  do.         Bottom    8    "    3      " 

General  Description  and  Conditions.— The  Keel  and  Stem  shall 
be  of  the  best  best  Rolled  Bars  in  long  lengths,  with  customary  long 
scarf  5  inches  X  lj  inches,  and  the  Stem  frame  to  be  solid  forging  :  the 
inner  post  to  be  5  inches  X  3j  inches,  and  the  outer  post  to  be  5 
inches  X  2  inches,  all  bored  and  finished  as  customary.  The  Keel, 
for  the  wdiole  length  of  the  Hopper,  to  have  angle  iron  on  each  side, 
4  inches  X  4  inches  X  5  inch. 

The  Frames  of  Shell  and  Hopper  shall  be  of  angle  iron  3^  inches  X 
3  inches  X  yV  inch,  spaced  2  feet  apart  centres. 

Floors  shall  be  placed  at  every  frame,  and  be  of  plates  ^  inch  thick 
X  10  inches  deep,  stiffened  with  reverse  angle  irons,  2J  inches  X  2J 
inches  X  yV  inch,  carried  up  round  bilges. 

The  Plating  of  the  whole  Vessel  and  Hopper  to  be  -|  inch,  except 
the  sheer  strake  from  15  feet  fore  and  aft  the  Hopper,  and  the  next 
strake  from  5  feet  fore  and  aft  the  Hopper  shall  be  ^  inch,  all 
clencher-joiuted;  the  average  of  midship  plates  to  have  30  square 
feet,  or  such  dimensions  as  practicable.  The  plating  of  the  inside  of 
Hopper  to  be  -|  inch  with  flush  joints ;  the  entire  plating  to  be  B  best 
boiler  plate,  stamped  according  to  Lloyds'. 

Water-tight  BulkheadSj  three  in  number,  to  be  constructed  where 
shown  on  drawing,  each  consisting  of  -J  inch  plates  stiffened  with  angle 
iron,  3  inches  X  3  inches  X  -f  inch,  space  2J  feet  apart  centres. 

The  sides  of  Hopper  to  have  diagonal  stays,  one  on  each  Frame,  of 
angle  iron  3J  inches  X  3  inches  X  yff  inches. 

Deck  Beams  shall  be  placed  at  every  alternate  Frame,  and  to  be  of 
angle  iron,  4  inches  X  3  inches  X  yV  inch,  properly  kneed  and  rivetted 
to  Frames.  The  lower  or  under  Beams  forward  and  aft  of  the  Hopper 
shall  be  of  angle  iron,  4  inches  X  3  inches  X  yV  inch.  The  main- 
deck  Beams  forward  and  aft  to  be  supported  with  2  inch  round  stays 
where  necessary. 

There  shall  be  a  Keelson  on  each  side  of  Hopper,  carried  as  far 
forward  and  aft  as  possible,  and  one  in  midship  forward  and  aft  of 
Hopper,  all  of  double  angle  iron,  3  inches  X  3  inches  X  f  inch, 
rivetted  back  to  back  and  to  each  floor.  There  shall  also  be  suitable 
Keelsons  for  Boiler  and  Engines. 

A  Stringer  of  Plate-Iron,  -§  inch  thick  and  24  inches  broad,  to 
extend  on  each  side  for  60  feet  amidships,  tapering  thence  forward 
and  aft  to  16  inches  X  yV  in°b  thick. 

An  Angle  Iron,  4  inches  X  4  inches  X  -/V  i,icui  t0  ue  carried 
along  the  outer  edge  of  Hopper  on  each  side,  rivetted  to  stringer 
plate,  and  upper  strake  of  plating,  which  shall  be  carried  up  so  as  to 
be  flush  with  the  angle  iron ;  this  angle  iron  to  be  returned  at  each 
end  of  Hopper  as  shewn. 

Four  Man-holes  with  proper  doors  to  be  formed  where  pointed  out. 

The  Hopper  Doors  shall  be  strongly  framed  with  Angle  Iron,  and 
cross  bearers  3  inches  X  3  inches  X  yV  inch>  an(i  plated  with  -fg  inch 
plate,  the  upper  surface  being  lined  with  Elm  of  sufficient  thickness  to 
be  flush  with  the  angle  iron ;  each  door  to  be  fitted  with  strong  hinges 
having  steel  joints,  also  eye-bolts  for  chains. 

The  Rudder  Stock  shall  be  4  inches  in  diameter,  of  the  best  ham- 
mered Scrap  Iron,  plated  with  J  inch  plates.  The  Rudder  to  be  fixed 
and  hung  with  strong  iron  bands,  all  as  customary  for  sea-going  vessels. 

The  curved  Plate-Iron  Box-Stringer,  for  hanging  Hopper  Doors, 
shall  extend  from  end  to  end  of  Hopper,  and  be  formed  of  four  plates ; 
the  vertical  plate  being  18  inches  deep  at  the  middle,  and  24  inches 
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deep  at  the  extreme  end ;  the  top  and  bottom  plates  to  be  8  inches 
broad,  all  f  inch  thick,  with  angle  iron  in  the  four  inside  corners 
3  inches  X  3  inches  X  f  inch :  the  beam  to  have  openings  cut  in  the 
upper  and  lower  plates  for  pulleys  and  chains,  the  holes  inside  plates 
for  journals  of  pulleys  to  be  strengthened  with  plate-iron  washers, 
J  inch  thick,  rivetted  on  the  outside :  the  extremities  of  the  side  and 
lower  plates  of  stringer  to  be  curved  out  so  as  to  be  fiat  on  end-plating 
of  Hopper,  to  which  they  are  to  be  properly  rivetted,  the  ends  of  upper 
plate  being  rivetted  down  on  deck  beams. 

A  Box  Beam  upright  to  be  placed  at  the  centre  where  shown,  formed 
of  plates  of  8  inches  broad,  but  the  plates  next  the  bulkhead  to  be  12 
inches  broad,  so  as  to  allow  of  its  being  rivetted  to  plating  of  bulk- 
head ;  all  the  plates  to  be  %  inch  thick,  and  the  angle  iron  for  the 
corners  to  be  same  as  described  for  box-stringer.  The  upright  to  be 
properly  connected  and  rivetted  to  box-stringer,  bulkhead  and  bottom 
cross-tie. 

Four  triangular  Cross-ties  or  Bearers  to  be  placed  at  bottom  of 
Hopper,  as  shown,  to  consist  of  two  angle  irons  3  inches  X  3  inches 
X  %  inch,  with  -|  inch  plating ;  these  ties  to  be  inserted  so  that  the 
ends  may  be  completely  closed  by  side-plating  of  Hopper. 

Elm  fillings  to  be  placed  inside  of  Hopper  of  the  size  and  form 
shewn,  fitted  on  top  of  keel  and  on  centre  cross-tie,  and  securely 
bolted  to  plating  of  keel  and  bulkhead.  The  keel  and  stem  and 
stern-posts  and  all  vertical  joints  of  plating  to  be  double  rivetted ;  the 
remainder  to  be  single  rivetted ;  all  the  rivets  being  of  the  best  Boiler 
rivet  iron. 

The  Main-Deck  shall  be  of  Yellow  Pine,  2\  inches  thick,  properly 
caulked  and  payed ;  the  Lower-Deck  in  position  of  vessel  forward  of 
Hopper  to  be  -|  inch  planking,  feathered  and  grooved. 

The  Bulwark  Stanchions  forward  and  aft  of  Hopper  shall  be  of 
British  Oak,  extending  where  possible  3  feet  down  the  frames  and 
securely  bolted  thereto.  The  Rails  shall  be  ot  Elm  or  Oak,  3  inches 
thick,  of  a  proper  breadth,  and  properly  mortised  down  on  Stanchions. 

A  Guard  Chain,  with  moveable  Iron  Stanchions,  to  run  along  each 
side  of  Hopper;  the  stanchions  shipping  into  proper  sockets,  and  the 
chains  fastened  at  each  end  to  the  timber  stanchions  with  eye-bolts  and 
hooks,  and  so  as  to  be  readily  unshipped  when  the  Barge  is  loading. 

A  Belting  or  Fender  of  Elm  or  Oak  to  be  fitted  between  two  angle 
irons,  3  inches  X  4  inches  X  y\  inch,  and  well  fastened  thereto  with 
bolts  every  six  feet,  passing  through  angle  irons  and  Fender,  and 
extending  along  straight  side  of  vessel,  and  returned  at  bow  and  stern. 

A  powerful  double-powered  Crab  Winch  to  be  fixed  on  deck,  near 
bow,  for  heaving  anchor,  &c. 

Two  Crab  Winches  of  the  most  approved  construction  to  be  provided 
for  working  the  Hopper  Doors,  to  be  double  powered,  with  gearing  pro- 
portioned to  the  weight,  and  provided  with  strong  ratchets  and  pauls; 
the  sole-plates  being  securely  fixed  down  at  each  end  of  Hopper.  The 
necessary  pulley  sheaves  for  working  the  doors  to  be  provided  and  fitted 
on  the  box-stringer,  and  worked  on  strong  turned  axles;  the  eyes  of 
pulleys  being  bored  out  and  the  pulleys  fixed  dead  on  the  axles.  All 
Crab  Winches  to  be  provided  with  proper  surging  heads.  Power  is 
reserved,  if  afterwards  approved  of,  to  substitute  ratchets  and  pauls,  as 
now  planned  for  Clyde  Trust  Hoppers,  in  lieu  of  the  above  Crab 
Winches. 

The  Pumps  shall  be  of  cast-iron,  truly  bored,  and  six  in  number, 
with  suitable  working  gear  of  the  most  approved  construction. 

The  vessel  to  have  two  Pole  Masts,  suitable  for  a  sea  voyage,  with 
all  necessary  Canvas,  &c,  as  per  after  arrangement. 

Steering  Gear  to  consist  of  an  Iron  Steering  Wheel,  complete  with 
Chains,  &c. ;  a  Binnacle  and  Compass  to  be  provided  and  fitted  up  in 
vessel. 

A  Bell  and  Belfrey  to  be  provided  and  fitted  up;  and  Signal  Lamps, 
Cooking  Range,  and  a  proper  supply  of  Cooking  Utensils  to  be  furnished. 

The  portion  of  the  vessel  forward  of  the  Hopper  to  be  fitted  up  in  a 
plain  style  for  the  crew,  with  Mess  Table,  Forms,  and  Folding  Berths; 
with  Iron  Nettings,  Companions,  Sky-lights,  and  Side-lights,  to  be  fitted 
for  a  tropical  climate,  or  as  afterwards  pointed  out. 

Eight  cast-iron  Mooring  Bitts  to  be  provided,  and  fixed  where  pointed 
out;  and  a  Knight's  Head  to  be  fitted  at  Bow.  Hause-Pipes,  &c,  to 
be  fitted  where  requisite,  or  as  afterwards  pointed  out. 

To  be  provided  with  two  Boats;  one  extra  strong  twelve  feet,  and 
one  seventeen  feet  double-bowed  boat;  the  small  Boat  to  hang  on 
Davits. 


All  the  Iron  and  Wood-work  to  receive  three  coats  of  suitable  Paint 
or  Varnish.  After  the  parts  are  put  together  the  whole  iron-work  shall 
receive  two  coats  of  Parker's  Patent  Black  Varnish;  the  exposed  sur- 
faces, both  inside  and  out,  to  receive  an  additional  coat;  after  which  the 
inside  bottom  and  bilges  of  the  vessel,  and  the  inside  bottom  and  bilges 
of  the  water-tight  compartments  on  each  side  of  Hopper  to  be  laid 
with  the  best  Asphalte  or  Portland  Cement.  The  Deck-planking  to 
receive  two  coats  of  the  best  Varnish  ;  all  the  other  timber,  after  being 
primed,  to  receive  three  coats  of  the  best  Oil  Paint,  the  outside  parts 
being  chocolate,  and  the  inside  a  light  stone-colour. 

Before  being  launched,  the  vessel  to  be  proved  with  water  under 
pressure,  in  order  to  ascertain  whether  she  be  perfectly  water-tight  in 
all  her  compartments;  any  leaks  found  shall  be  caulked  or  otherwise 
remedied,  until  the  whole  vessel  is  rendered  perfectly  water-tight. 

Engines,  &c. — The  Engines  to  be  direct  tilt,  Cylinders  22  inches  X 
22  inches  stroke;  fitted  with  cast-iron  slide  valves  and  metallic  pistons, 
and  fitted  with  a  suitable  surface  Condenser,  fitted  with  brass  tubes,  and 
the  same  to  be  fully  tested  by  water  pressure  before  being  fitted  on 
board.  The  Air  and  Cooling  Pumps  to  be  of  brass.  India-rubber 
Valves  all  carefully  fitted  and  finished  as  customary  in  such  cases. 
The  Sole-Plate  and  Framing  to  be  cast-iron,  and  of  the  form  and 
dimensions  requisite. 

To  have  one  Feed  and  one  Bilge  Pump,  each  three  inches  diameter, 
connected  to  Air  Pump  Levers;  the  feed  plunge  to  be  of  brass,  but  the 
bilge  plunger  to  be  of  cast-iron. 

The  Crank  shaft-journals  to  be  5  inches  in  diameter ;  the  Cranks, 
with  the  Crank-pins  to  be  properly  forged,  and  the  whole  of  the  Cranks 
to  be  malleable-iron  and  polished  bright,  and  to  have  the  customary 
crank-pins.  The  Screw  and  Crank  Shaft  to  be  properly  connected 
together  with  flange  couplings  as  customary. 

A  Donkey  Engine,  of  the  most  approved  construction  to  be  fitted  on 
board,  to  feed  Boiler  and  pump  bilge-water  as  customary. 

A  Bourdon's  Vacuum  Guage  to  be  connected  with  the  Condenser. 

The  Engines  to  be  finished  bright;  the  parts  not  polished  to  be 
painted  copal  green  and  varnished. 

The  Boiler  to  be  a  Horizontal  Tubular  Boiler  of  the  form  shewn  on 
the  drawing,  8  feet  4  inches  long  at  bottom,  7  feet  8  inches  wide,  and 
11  feet  6  inches  high,  with  semi-circular  top,  and  fitted  with  two  Fur- 
naces, each  3  feet  wide,  with  grate-bars  5j  feet  long,  and  uptake  2$ 
feet  diameter;  the  shell  to  be  §  inch,  bottom  of  Furnace  T7^-  inch,  and 
bottom  of  Boiler  J  inch  thick ;  it  being  understood  the  plates  are  all  to 
be  of  Blochairn,  Glasgow,  or  Govan  best ;  the  Tube  plates  to  be  f  inch, 
sides  and  top  of  Furnace  §  inch.  Uptake  -y^  inch,  and  Flame-box  § 
inch  thick  ;  all  of  the  best  Lowmoor  or  Bowling  iron.  All  the  angle 
iron  to  be  3  inches  X  3  inches  X  J  inch,  and  of  Bradley's  S.  S.  Crown. 
All  Plates,  Rivets,  Landings,  &c,  to  be  well  caulked  inside  and  outside. 
The  Tubes  to  be  of  iron  of  the  best  and  most  approved  quality,  144  in 
number,  each  six  feet  long  and  3j  inches  external  diameter.  The 
Boiler  to  be  stayed  to  stand  a  working  pressure  of  25  lbs.  per  square 
inch,  and  proved  with  water  to  a  pressure  of  40  lbs.  per  square  inch, 
before  leaving  the  Contractor's  yard.  A  Steam  whistle  to  be  fixed  on 
a  brass  tube  alongside  of  Waste-steam  Pipe,  with  handle  to  work  it. 
The  Boiler  to  be  properly  painted  and  fitted  up  complete,  with  copper 
Supply  and  Waste-steam  Pipes,  and  provided  with  all  the  necessary 
blow-off  Cocks,  Gauge  Cooks,  and  Gauge  Glasses,  and  to  have  a  Bour- 
don's Pressure  Guage  fitted  up  in  a  convenient  position  ;  also  the  cus- 
tomary Safety  Valves,  and  to  have  three  Man-holes  formed  in  front  of 
Boiler  with  doors  and  bridge  fixings. 

Proper  Coal  Bunkers  of  iron  to  be  fitted  up  as  customary  and  as 
space  will  permit,  with  malleable  chequered  Floor-Plates  in  front  of 
Furnaces. 

The  Funnel  to  be  2  feet  9  inches  inside  diameter,  21  feet  long,  and 
formed  of  J  inch  Plate  properly  jointed  on  Butt  Straps,  to  have  Damper 
and  Rack  with  hinge-door,  and  strongly  stayed,  all  as  customary. 

The  Propeller  to  be  8  feet  diameter,  and  12J  feet  pitch,  three-bladed. 
The  Stern-pipe-stuffing-Box  and  Brass  bush,  all  as  fitted  in  sea-going 
Clyde  vessels.  The  Shaft  to  be  5  inches  in  diameter,  and  of  the  best 
hammered  scrap-iron. 

Each  Barge  shall  be  provided  with  the  following  Stores,  viz. : — One 
Spare  Screw  Propeller,  made  and  finished  to  fit  shaft ;  Bench  and  Vice 
in  Engine-Room ;  One  Six  Gallon  Oil  Can  and  Feeder ;  One  Tallow 
Can  and  Kettle,  and  all  the  usual  Engine  Room  Furnishings  as  cus- 
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tomarv  for  sea-going  Clyde  vessels  of  tins  sort.  There  shall  also  be 
provided  One  Double-Fluked  Trotrnan's  Anchor,  weighing  6  cwts. ; 
One  Kedge  Anchor,  weighing  3  J  cwts.,  and  One  Kedge  Anchor,  weigh- 
ing 2  cwts.,  with  70  fathoms  of  very  best  g  inch  short-linked  Cable 
Chain,  and  50  fathoms  of  T9^  inch  same ;  One  Large  Beef  Cask ;  One 
Harness  Water  Cask,  and  all  customary  Chandlery  with  the  usual  Deck 


Conditions,  dc. — The  entire  Workmanship  and  Materials  to  be  of 
the  very  best  description,  and  to  the  satisfaction  of  any  Superintendent 
that  may  be  appointed  to  superintend  the  work. 

Power  is  reserved,  without  in  any  way  vitiating  this  Contract  or  in- 
ferring any  extension  of  the  time  within  which  delivery  is  to  be  made, 
to  make  alterations  on,  or  additions  to  the  work  as  it  proceeds,  which 
alterations  or  additions  shall  be  done  under  a  written  order  from  the 
purchaser,  the  value  of  the  same  to  be  determined  by  the  Arbiter  after- 
named,  the  contract  sum  being  added  thereto,  or  deducted  therefrom  as 
the  case  may  be. 

The  entire  work,  including  time  for  repairs  arising  from  defects  in 
material,  workmanship,  or  arrangement,  discovered  after  trial,  shall  be 
completed  within  the  time  stated  in  the  contract,  under  a  penalty  of 
Ten  Pounds  Sterling  for  every  day  thereafter  that  each  Barge  remains 
incomplete,  and  the  amount  of  the  penalties  shall  form  a  proper  deduc- 
tion from  the  Contract  price. 

The  Barges,  after  being  finished  and  furnished  as  specified,  and 
tested  and  tried  to  the  satisfaction  of  the  purchaser  or  his  Inspector, 
shall  be  delivered  over  to  the  purchaser  at  Glasgow,  or  Greenock,  or 
such  other  place  on  Clyde  as  he  may  require,  free  from  port-dues  and 
other  charges. 

The  Specification  and  Relative  Plan  are  not  intended  to  specify  and 
shew  every  part  of  the  work,  but  merely  to  give  a  general  outline  of  it. 
The  amount  of  this  Contract,  therefore,  shall  be  held  as  including  every- 
thing necessary  for  the  complete  performance  of  the  work  for  which 
they  are  intended,  although  the  same  may  be  neither  specified  nor 
shewn  (reference  is  here  made  to  Barge  No.  4,  belonging  to  Clyde 
Trustees,  as  Model  Barge). 

On  the  completion  and  full  equipment  of  each  Barge,  the  Contractor 
shall  furnish  to  the  purchaser  a  complete  and  accurate  set  of  Drawings 
of  such  Barge  and  Machinery,  complete,  and  these  Drawings  shall  be 
supplied  previous  to  any  settlement  being  made. 

Supplementary  Specification  relative  to  the  Necessaries  for  the  Voyage  of 
the  Barges  from  Glasgow  to  Port  Said. 

The  hopper  part  in  each  Barge  to  be  covered  over  with  a  Pine  Deck, 
2J  inches  thick ;  this  deck  being  laid  upon  10  angle  iron  beams,  3X4 
X  -f%i  a  piece  of  hard  wood  being  fitted  under  each  extremity  of  the 
beams,  and  fastened  down  to  sides  of  Hopper  by  two  screw  bolts  in 
each  end  passing  through  beam  and  stringer  plate.  Four  round  iron 
stanchions,  grasping  the  wood  keel,  will  be  fastened  to  it,  and  support 
on  their  top  four  of  the  iron  beams.  At  each  end  of  the  beams  an 
angle  iron  stanchion,  2J  X  2£  X  tw,  to  be  fixed  by  a  knee  plate  properly 
rivetted,  provision  being  made  on  the  tops  of  these  stanchions  to  sup- 
port and  secure  a  3-inches  rail,  extending  along  co  as  to  join  the  fixed 
rail,  and  fixed  to  them  by  screw  bolts.  The  Hopper  Deck  to  have  two 
hatches,  4  feet  square,  with  coamings,  hatch-bands  and  bars,  tarpaulins, 
and  also  one  round  cast-iron  coal  scuttle ;  the  whole  deck  to  be  made 
water-tight.  The  Hopper  Doors  at  bottom  of  vessels  to  be  made 
entirely  water-tight  by  caulking  and  nailing  on  listings  where  necessary ; 
each  door  to  be  fastened  by  two  glands  of  malleable  iron,  grasping  the 
keel,  and  fixed  by  two  bolts  at  each  end,  passing  through  the  door. 
The  listings  covering  the  joints  of  the  doors  at  the  sides  of  the  Hopper 
to  be  made  high  enough  for  supporting  a  transversal  platform,  3  inches 
thick,  lying  in  the  middle  of  the  wooden  keel.  Each  of  the  two  com- 
partments of  the  Hopper  to  have  one  cast-iron  pump,  fitted  and  complete. 
A  Bulwark  of  yellow  pine  to  be  fixed  on  the  stanchions,  all  round  the 
deck,  except  along  each  side  of  the  Hopper,  where  it  will  be  sparred. 
A  square  sail,  with  yard  and  all  necessary  gearing,  to  be  supplied  for 
the  foremast.  The  storeroom  to  be  provided  with  locker  and  shelves. 
All  the  above  specified  work  to  be  entirely  finished  and  painted  like  the 
other  parts  of  the  vessel.  The  mizenmast  has  been  also  fitted  for  the 
voyage,  and  will  be  taken  out  when  the  Barges  will  be  at  work. 

We  hope  to  continue  this  subject  on  a  future  occasion. 


THE    RAW   MATERIAL   OF   THE   LINEN   TRADE. 

THE    CULTIVATION    AND    MANAGEMENT    OF    THE    FLAX    PLANT. 

By  Professor  Hodges,  M.D.,  F.C.S.,  Queen's  College,  Belfast. 

In  the  month  of  June,.the  fields  of  Ulster  are  covered  with  the  Hue 
flowers  of  a  tall  and  graceful  plant,  which  attract  the  attention  of  every 
stranger.  Towards  the  end  of  July,  the  blue  flowers  fade  away,  and 
are  replaced  by  green  balls,  which  gradually  assume  a  golden  colour, 
and  glisten  in  the  sun.  The  commencement  of  this  change  in  the 
colour  of  the  capsules  of  the  plant  is  eagerly  watched  by  the  northern 
farmer,  who  knows  that  the  time  is  close  at  hand  for  pulling  the  crop, 
and  submitting  it  to  the  various  processes  which  give  so  much  occu- 
pation to  the  people  in  this  part  of  Ireland.  This  valued  plant  of  the 
Ulster  farmers,  is  a  member  of  the  family  termed  by  botanists  Linacece 
(the  flaxworts) ;  it  is  the  Linum  usitatissimum  of  Linnaeus,  and  from 
the  earliest  ages  of  the  world  has  afforded  a  most  important  textile 
material.  It  would  be  easy  to  multiply  references  to  the  important 
place  occupied  by  the  flax  plant  in  the  earliest  ages  of  civilization,  both 
in  the  ancient  seats  of  industrial  knowledge  in  the  East,  and  among  the 
primeval  races  of  Europe.  The  use  of  its  fibres  for  the  manufacture 
of  linen  appears  to  have  prevailed  in  Egypt  from  the  most  ancient 
times,  and  the  interesting  discovery  by  M.  Heer,  of  Zurich,  of  the 
carbonized  fruit  of  the  Linum  usitatissimum  in  the  lacustrine  establish- 
ments of  the  age  of  stone,  both  at  Waugen,  and  at  Roben-hausen,  affords 
us  evidence  of  its  early  employment  in  Switzerland.  At  Waugen,  both 
pieces  of  cord  and  shreds  of  tissues  of  a  material  resembling  flax  were 
discovered  in  the  ancient  lake  dwellings.  It  is,  however,  from  Egypt 
that  the  most  striking  proofs,  not  only  of  the  great  antiquity  of  the 
culture  of  the  plant,  but  of  the  skill  which  had  been  acquired  in  its 
manufacture,  have  come  down  to  us.  It  is  not  merely  that  the  ancient 
flax-growers  of  that  country  have  left  us,  in  those  remarkable  pictorial 
representations  which  they  placed  on  the  walls  of  their  temples  and 
cemeteries,  illustrations  of  every  department  of  flax-management  from 
the  sowing  of  the  seed  to  the  weaving  of  the  fibre  ;  but  in  the  wrappings 
of  their  dead  they  have  preserved  for  our  inspection,  specimens  of  that 
"fine  linen"  to  which  we  have  so  many  allusions  in  the  sacred  scrip- 
tures, and  which,  all  over  the  East,  had  spread  the  reputation  of  the 
looms  of  ancient  Egypt.  'Some  years  ago  the  bod}7  of  a  mummy,  which 
had  been  presented  by  Sir  James  Emerson  Tennent  to  the  Museum  of 
the  Natural  History  Society  of  Belfast,  was  unrolled,  and  determined  by 
the  examination  of  Dr.  Hincks,  well-known  as  one  of  the  most  distin- 
guished Egyptologists  of  the  present  day,  to  be  that  of  the  daughter  of 
a  courtier  or  personal  friend  of  Amenemhe  IV.,  the  last  sovereign  but 
one  of  the  12th  dynasty,  who  lived  about  3400  years  ago.  The 
bandages  removed  were  found  of  every  description  of  quality,  from 
the  "fine  linen"  resembling  our  finest  lawn,  to  a  coarse  fabric  like 
sacking ;  and  as  several  of  the  pieces  were  darned,  it  was  conjectured 
that  all  the  old  linen  of  the  house  had  been  emplo}Ted  in  the  work. 
The  Egyptian  flax  of  the  present  day  would  be  unfit  to  produce  the 
finer  qualities;  its  grpwth  is  too  rapid  under  the  burning  sun.  With  us 
coarser  fabrics  are  made  of  short  broken  flax  or  tow,  but  the  Egyptian 
fabrics  show  no  trace  of  tow  yarn.  The  quality  and  fineness  of  the 
cloth,  which  was  examined  by  a  linen  merchant,  Mr.  John  Mulholland, 
varied  from  six  hundred  to  twenty-four  hundred.  In  all  the  pieces,  it 
was  remarked  that  the  weft  was  much  finer  than  the  warp,  the  warp 
being  deficient  in  quantity  to  the  extent  of  from  a  third  to  a  half;  and 
as  usual  at  the  present  day,  thick  threads  were  inserted  at  the  end  of 
each  web,  to  prevent  their  unravelling.  The  finer  fabrics  had  a  twilled 
appearance,  owing  to  the  weft  rising  on  the  surface,  from  the  looms 
employed  not  being  capable  of  light  weaving.  Thus,  on  the  body  of  a 
lady  who  died  five  hundred  years  before  the  birth  of  Homer,  who  lived, 
as  Sir  Emerson  Tennent  remarked  on  the  occasion  of  unrolling  her 
remains,  when  Cecrops  founded  Athens,  and  before  the  fall  of  Nineveh, 
and  who  may  have  stood  in  the  presence  of  the  great  Hebrew  lawgiver, 
were  found,  in  every  variety  of  texture,  fabrics  resembling  those  in  the 
production  of  which  the  spinners  of  Belfast  now  occupy  the  place  of 
the  ancient  inhabitants  of  the  valley  of  the  Nile.  The  splendid  linen 
trophy  which  the  merchants  of  Ulster  raised  in  the  hall  of  the  late 
London  Exhibition,  proved  that  in  this  western  land  a  people  unknown 
to  the  nation  over  which  Amenemhe  IV.  ruled,  have  succeeded  in 
giving  to  the  produce  of  the  flax  a  perfection  which  it  probably  had 
never  attained  in  the  early  home  of  its  manufacture. 
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The  remarkable  development  of  the  linen  trade  of  the  north  of 
Ireland  within  the  last  half-dozen  years,  has  probably  at  the  present 
more  than  any  previous  time,  directed  attention  in  all  parts  of  the 
United  Kingdom  to  the  subject  of  flax  cultivation.  The  value  of  the 
flax  crop  to  the  Irish  farmer,  and  the  influence  which  the  extension 
of  the  linen  manufacture  have  exerted  on  the  prosperity  of  Ulster,  are 
strongly  illustrated  in  the  history  of  the  once  insignificant  town  of 
Belfast,  which  has  become  the  linen  metropolis  of  Ireland,  with  a  busy 
population  of  140,000  inhabitants.  Forty  years  ago,  this  town  did  not 
possess  a  single  spinning-mill.  Of  the  700,000  spindles  now  at  work  in 
Ireland,  more  than  three-fourths  belong  to  Belfast  and  its  immediate 
neighbourhood,  and  of  the  35,000  persons  employed,  a  like  proportion 
is  located  in  Belfast.  In  almost  every  street  of  the  town,  palace-like 
warehouses  are  springing  up  in  the  place  of  the  old  dingy  offices ;  and 
though  in  July,  1863,  the  assistance  of  8500  power  looms  had  been 
added  to  the  productive  powers  of  the  factories,  yet  so  great  was 
the  increased  demand  caused  by  the  dearth  of  raw  cotton,  that  our 
spinners  were  unable  to  meet  the  requirements  of  their  customers. 
Though  there  was  last  year  an  enormous  increase  in  the  home  supply 
of  flax,  yet  the  iron  fingers  of  our  mills  consume  far  more  than  the 
fields  of  the  United  Kingdom  have  yet  produced.  The  area  devoted 
to  the  cultivation  of  the  plant  in  1864  amounted  to  301,942  acres; 
while  in  1809  only  35,056  acres  were  produced  in  Ireland.  Last  year, 
from  the  want  of  adequate  preparation  and  unskilful  management,  many 
farmers  were  disappointed  in  their  expected  profits  ;  and  in  the  present 
year,  in  some  remote  districts  where  there  are  no  scutching  mills,  and 
the  people  do  not  possess  that  knowledge  of  the  crop  which  exists  in 
Ulster,  it  is  probable  that  a  smaller  amount  of  the  crop  will  be  grown. 
It  is  to  be  regretted"  that  there  should  be  any  decrease  in  the  home 
supply,  for  it  is  not  merely  in  Ireland  that  the  demand  for  raw  material 
is  likely  to  increase.  The  instructive  reports  of  Mr.  Alexander  Redgrave, 
and  Mr.  Robert  Baker,  inspectors  of  factories,  for  the  half-year  ending 
31st  October,  1864,  which  have  just  been  published,  show  us  that  the 
following  continental  countries  have  added  largely  to  their  spinning  power. 

List  of  spinning-mills,  with  an  approximate  number  of  spindles  in 
the  following  countries  : — 


Country. 

Number  of 
Mills. 

Spindles 
at  work. 

Spindles 
ordered. 

Spindles 
projected. 

Number  oi 

spindles  ten 
years  ago. 

Bavaria, 

Poland, 

Switzerland,... 

34 

21 
22 
5 
1 
3 
4 
1 
3 

137,900 

47,300 

133,800 

15,000 

7,000 

8,000 

10,200 

4,000 

5,000 

72,700 
58,416 
38,200 

9,200 
3,000 

4,000 
3,800 
8,300 
6,000 

6,000 

33,000 

20,000 

47,000 

4,000 

2,000 
3,500 

94         |    368,200     i    181,516           28,100 

109,500 

Thus  when  the  spindles  ordered,  and  those  projected  to  be  added, 
are  at  work,  flax  spinning  in  the  above  countries  will  have  increased 
in  ten  years  426  per  cent.  In  France,  Belgium,  and  Russia  also,  a 
rapid  increase  in  the  number  of  spindles  has  taken  place.  In  1864 
Fiance  had  563,000  spindles,  and  by  the  end  of  1865  it  is  expected 
that  this  number  will  be  increased  to  680,000.  Even  with  the  enormous 
increase  in  the  production  of  flax  in  Ireland  last  year,  the  produce  of 
301,942  acres  estimated  at  75,485  tons,  is  far  below  the  amount  required 
by  our  spinners  of  the  United  Kingdom,  who  were  obliged  to  import 
91,406  tons  from  foreign  countries,  and  are  thus  forced  to  depend  for 
the  raw  material  upon  countries  which  are  likely  in  the  course  of  a 
few  years  to  dispute  with  us  for  the  position  which  we  at  present  enjoy 
as  the  chief  linen  manufacturers  of  the  world.  We  are  of  opinion 
that  Ireland  possesses  in  her  soil  and  climate  advantages  for  the  pro- 
duction of  flax,  which,  if  her  fields  were  judiciously  cultivated,  would 
enable  her  to  produce  more  fibre  than  would  be  required  to  meet 
the  wants  of  Europe.  The  mild  moist  climate  of  the  island  is  most 
favourable  for  that  slow  and  regular  growth  of  the  plant  which  is  essen- 
tial to  produce  soft  yet  strong,  pliable,  and  easily  divisible  filaments ; 
and  its  soils  are  in  general  easily  reduced  to  that  fine  state  of  division 
which  is  necessary  to  enable  the  plant  readily  to  obtain  the  materials 
required  for  its  perfect  development.  It  has  at  all  times  been  necessary 
for  our  spinners  to  send  to  Belgium  and  France  for  the  delicate  fibres 


required  to  spin  certain  numbers.  Hitherto,  even  in  Ulster,  our  far- 
mers have  not  given  that  attention  to  the  management  of  the  crop  in 
all  its  stages  which  has  long  been  devoted  to  it  in  some  continental 
countries;  yet  we  believe,  judging  from  the  samples  of  Irish  fabric 
occasionally  produced,  that  our  farmers  by  judicious  management  might 
produce  finer  qualities  of  fibre,  and  thus  secure  more  remunerative 
prices.  It  is  an  old  saying,  that  "  flax  is  either  the  best  or  the  worst 
crop  that  the  farmer  could  grow."  The  want  of  success,  we  consider, 
depends  more  frequently  on  the  ignorance  or  carelessness  of  the  culti- 
vator than  on  the  soil.  We  have  seen  attempts  to  grow  flax  upon 
fields  which  were  rendered  incapable  of  yielding  profitable  returns  of 
any  kind  of  crop.  Still,  as  in  the  days  of  the  poet  Tusser,  it  may  be 
complained,  that  "crop  upon  crop  many  farmers  do  take,  and  reap  little 
profit,  for  greediness'  sake."  The  treatment  of  the  soil  in  many  parts  of 
Ireland  excites  the  astonishment  of  those  familiar  with  the  efforts  made, 
in  districts  where  agriculture  is  more  advanced,  to  maintain  its  fertiliz- 
ing qualities.  "  Were,"  says  the  author  of  a  sensible  little  work  on 
flax,  "  human  ingenuity  employed  upon  framing  a  scheme  which  should 
have  the  power  of  converting  the  best  land  into  the  worst  condition, 
at  the  shortest  possible  notice,  we  can  readily  conceive  that  it  must 
have  a  strong  family  likeness  to  the  plan  generally  adopted  in  Ireland." 

In  both  England  and  Scotland  the  cultivation  of  flax  as  a  fibre  crop 
has  not  at  any  time  extended  beyond  a  limited  area.  The  idea  that 
it  exerted  some  peculiarly  "  scourging  effect  upon  the  soil,"  has  at  all 
times  rendered  farmers  indisposed  to  introduce  it  among  their  regular 
crops.  With  respect  to  the  exhausting  effects  of  the  culture  of  flax, 
chemistry  teaches  us  that,  like  every  crop  grown  by  the  farmer,  flax 
takes  from  the  soil  certain  constituents  upon  the  presence  of  which  its 
fertility  depends.  But  it  also  teaches  us,  that  the  amount  of  these 
materials  which  are  necessarily  removed  from  the  farm  is  very  small, 
indeed  much  less  than  is  removed  in  most  of  the  crops  grown  on  our 
farms ;  and  that,  provided  we  save  the  highly  nutritious  seed-capsules 
and  consume  them  in  feeding  our  cattle,  and  utilize  the  woody  matters 
of  the  stem  removed  in  scutching  as  fuel  and  restore  the  ashes  to  the 
soil,  the  quantity  of  inorganic  matter  carried  off  the  farm  in  the  fibre 
sold  to  the  spinner  is  but  trifling,  and  may  be  replaced  in  artificial 
manure  at  the  cost  of  two  or  three  shillings  per  acre.  Properly  man- 
aged, we  believe  that  flax  may  be  made  one  of  the  least  exhausting 
of  all  the  crops  grown  by  our  farmers.  The  ignorance  respecting  the 
value  of  the  fibre  of  the  flax-plant  which  even  at  the  present  day  pre- 
vails in  some  parts  of  England  is  most  remarkable,  and  was  amusingly 
illustrated  some  years  ago  by  the  remark  of  an  English  farmer,  who  every 
year  cultivated  the  plant  solely  for  the  sake  of  the  valuable  feeding  which 
its  seeds  afforded,  that  "  he  was  puzzled  what  to  do  with  the  straw,  as 
it  was  most  troublesome — it  would  not  even  rot  properly  in  the  manure 
heap."  In  some  parts  of  England  the  only  use  made  of  the  straw  is 
to  employ  it  for  thatch  !  The  Irish  farmer  destroys  the  nutritious  seeds 
in  the  steep-hole,  as  he  seldom  removes  them  before  steeping,  but  prizes 
the  straw;  while  the  English  flax-grower,  in  many  districts,  sows  the 
crop  solely  for  its  seeds,  and  despises  the  still  more  valuable  fibre. 

The  sowing  of  the  flax  seed  should,  if  the  weather  permit,  be  com- 
pleted before  the  beginning  of  May,  though  in  some  districts  it  is 
delayed  beyond  that  period.  In  Ulster  it  is  considered  advisable  to 
sow  not  later  than  the  15th  of  April;  the  usual  allowance  of  seed 
being  at  the  rate  of  2A  to  3  bushels  to  the  statute  acre.  The  seed 
selected  by  our  farmers  is  either  the  produce  of  Livonia  or  Esthonia 
brought  from  Riga,  or  Dutch  seed,  which  is  preferred  to  Russian  when 
the  soil  is  strong  and  heavy.  Great  care  should  be  taken  in  the  selec- 
tion of  sound  seed.  Black  seed  or  that  which  has  been  kiln-dried  should 
be  rejected.  Sound  seeds  have  a  brilliant  golden  or  clear  brown  colour. 
The  vegetative  power  of  the  seed  is  frequently  tested  on  the  continent 
by  sowing  a  certain  number  of  the  seeds  in  the  month  of  February, 
when  there  is  but  little  activity  of  vegetation,  and  the  seed  is  considered 
a  fair  sample  if  one  half  of  the  number  sown  produces  plants.  In  the 
commercial  cities  of  the  Baltic  the  method  adopted  to  ascertain  the 
quality  of  the  seed,  is  to  place  over  the  fire  a  metal  plate  until  it  is 
almost  red-hot,  and  then  to  allow  the  seeds  to  fall  one  by  one  upon  it. 
The  sound  seeds  spring  away  with  a  report,  while  those  seeds  in  which 
the  oily  parts  have  dried  up  and  which  have  become  incapable  of  vege- 
tation remain  on  the  plate  and  are  burned.  The  sowing  is  invariably 
performed  by  hand,  broad-cast.  The  seed  should  be  covered  with 
only  a  light  coat  of  earth,  and  a  light  seed  harrow  followed  by  rolling 
will  complete  the  work. 
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The  flax  plant  is  found,  as  might  be  expected  from  the  history  of  its 
extensive  cultivation  both  in  eastern  and  northern  countries,  to  thrive 
upon  soils  of  very  diverse  qualities,  and  in  regions  varying  very  much 
in  temperature.  Yet  it  is  ouly  in  situations  in  which  the  proper  cli- 
matic conditions  exist,  and  on  soils  of  special  qualities,  that  its  textile 
fibres  develop  themselves  in  perfection,  or  exhibit  that  combination  of 
softness,  strength,  and  fineness  which  renders  the  flax  of  certain  coun- 
tries so  much  esteemed.  In  European  countries  littoral  regions  con- 
stitute the  favourite  localities  for  its  cultivation,  and  the  plains  of 
Belgium  and  Holland,  the  Baltic  provinces  of  Russia,  the  coasts  of  the 
Mediterranean,  and  the  maritime  provinces  of  France  are  the  dis- 
tricts from  which  our  chief  supplies  of  fibre  are  derived. 

A  friable  loamy  soil  resting  ou  a  well-drained  clay  bottom,  free  from 
stagnant  water,  should,  if  possible,  be  selected  for  the  cultivation  of 
the  plant.  On  lands  reclaimed  from  rivers  it  may  also  be  grown 
with  advantage.  Thus  on  the  slob  reclaimed  from  the  river  Foyle,  in 
the  county  of  Londonderry,  which  gave  a  soil  which  we  found  to  pos- 
sess the  following  composition,  superior  crops  have  been  raised : — 

COMPOSITION  OF  SLOB  LAND  FROM  LOUGH  FOYLE. 

I. BY   WASHING. 

Clay  and  Organic  Matters 10-97     Denomination. 

o      ,  ofl  ,.0    (  Sandy  garden 

Sand> 890a  J       Loam. 


100-00 


II.— BY   ANALYSIS. 

Potash 0-11 

Soda, 003 

Lime, 009 

Chlorine, 0-17 

Sulphuric  Acid, 0'OG 

Organic  Matter, 0  48 

Oxide  of  Iron, Ti9 

Alumina, 3'3l 

Lime, 112 

Magnesia, 0'09 

„   ■?     .     .   ..  „.,,.  >solublem 

Carbonic  Acid, 0-6o  ■       ,   .. 

Phosphoric  Acid, 0"02         Ac" 

Silica 0-28 

Organic  Matter, 7-14 

Insoluble  Silicious  Matter, 79*08 


0-94 

soluble  in 

Water. 


12-45 


100-12 
Nitrogen  per  cent.  0'19,  eqnal  to  0-23  Ammonia. 
Water  in  the  Sample,  11*38  per  cent. 

If  the  bed  for  the  seeds  has  been  rendered  fine  and  level,  and  they 
have  been  deposited  at  an  uniform  depth,  the  plants  may  be  expected 
to  appear  above  ground  in  ten  or  twelve  days.  Under  the  influence 
of  the  showers  of  April  they  will  rapidly  put  forth  their  leaves.  When 
they  have  attained  the  height  of  three  or  four  inches  the  farmer  should 
carefully  remove  every  weed  that  springs  up  to  rob  the  plants  of  their 
fair  proportion  of  the  elements  of  the  soil.  A  breezy  day  should  be 
selected  for  weeding.  In  Belgium  bands  of  women  with  bare  feet,  or 
list  slippers,  advance  over  the  fields  on  all  fours,  placing  a  cloth  under 
their  knees,  and  proceeding  in  a  direction  opposite  to  the  wind,  so  that 
the  soft  and  tiny  plants  pressed  down  in  their  course  are  elevated  by 
the  current  of  air,  and  enabled  to  attain  an  upright  position.  The 
loosened  soil  brings  fresh  supplies  of  food  into  contact  with  the  absorb- 
ing rootlets,  and  the  work  of  development  goes  regularly  on.  At  this 
early  stage  of  growth  the  plants  are  not  easily  injured.  We  have 
made  some  analyses  which  show  that  each  plant  at  this  stage  con- 
sists of : — 

Water, 87G3 

Organic  Matters, 10G4 

Mineral  Matters, 1*73 


100-00 


If  the  weeding  be  delayed  until  the  stems  become  more  rigid,  from  the 
increased  amount  of  solid  matter  formed,  much  injury  will  be  done  to 
the  regular  growth  of  the  fibre.  Usually  when  the  seed  has  been  sown 
early  in  April,  the  crop  will  be  ready  for  removal  from  the  field  about 
the  end  of  July.  The  Belgian  farmers,  to  obtain  the  fibre  of  superior 
fineness,  recommend  that  the  removal  should  commence  "  between  the 
falling  of  the  flower  and  the  formation  of  the  seed,  so  that  unless  it  is 
wished  to  sacrifice  the  quality  of  the  flax  to  obtain  seed,  the  former 
must  not  await  the  full  maturity  of  the  latter."     In  this  country,  how- 


ever, it  is  considered  that  it  is  more  profitable,  and  more  likely  to  insure  a 
strong  and  fine  fibre,  to  allow  the  plants  to  remain  until  the  leaves  have 
fallen  from  the  lower  part  of  the  stem,  and  its  colour,  for  two-thirds  of  its 
length,  has  acquired  a  yellow  tinge.  The  flax  is  removed  by  pulling 
up  the  stems,  which  is  always  done  by  hand,  the  work  in  Ulster  being 
chiefly  performed  by  women.  We  think  that  some  more  expeditious 
method  will  yet  be  applied.  We  have  heard  that  some  years  ago  our 
inventive  friends,  the  Americans,  had  hit  upon  and  patented  the  plan 
of  a  pulling  machine,  which  with  one  horse  could  pull  and  spread  six 
acres  in  a  day. 

When  there  is  a  second  growth  of  short  stems  it  is  usual  for  the 
pullers  to  take  hold  of  the  long  stems,  just  below  the  seed-vessels,  so  as 
to  leave  the  short  stems  for  a  second  operation.  The  handfulls  of 
pulled  straw  as  they  are  removed  from  the  soil  are  laid  diagonally 
across  each  other,  to  be  ready  for  the  removal  of  the  bolls  or  "rip- 
pling," which  should  be  performed  in  the  field  at  the  same  time  as  the 
pulling  is  going  forward. 

The  farmers  of  England  and  Scotland  who  have  learned  to  appre- 
ciate the  highly  nutritive  qualities  of  the  flax  seed,  will  be  surprised  to 
find  some  of  the  growers  of  the  crop  in  Ireland,  even  at  the  present 
day,  contending  that  if  the  seed-vessels  be  removed  the  flax  will  not 
"  water"  properly,  or  give  fibre  of  a  good  quality  ;  and  in  many  of  the 
best  flax  districts  this  notion  every  year  leads  to  the  destruction  in  the 
steep-holes  of  valuable  food,  which,  if  preserved  for  feeding  cattle,  would 
add  enormously  to  the  profit  of  the  farmer,  and  at  the  same  time  pre- 
serve the  fertility  of  the  soil.  We  have  in  autumn  seen  mounds  of  the 
valuable  bolls  dec?ying  on  the  coasts  of  Down  and  Antrim,  to  which 
they  had  been  carried  by  the  streams  from  the  flax  pools. 

In  a  future  communication  we  shall  describe  the  treatment  of  the 
plant  after  its  removal  from  the  soil,  and  give  an  account  of  the  pro- 
cesses which  are  employed  for  the  separation  of  the  valuable  textile 
fibre  from  the  worthless  woody  matters  associated  with  it  in  the  straw, 
so  as  to  prepare  it  to  become  the  raw  material  of  the  chief  manufac- 
ture of  Ireland. 

(To  be  continued). 


ON     URANIUM     RED. 

-BY  M.  AD.  REMELE\ 

The  following  account  of  this  new  colour  is  taken  from  the  excellent 
thesis  by  which  M.  Remele  has  acquired  the  degree  of  Doctor  of  Philo- 
sophy. Those  who  know  bow  important  the  acquisition  of  a  new  and 
good  red  colour  is  to  various  branches  of  art,  will  read  it  with  interest : — 

"  After  pouring  the  liquor  containing  the  sulphide  of  sodium  into  a 
watery  solution  of  nitrate  of  uranium,  the  yellow  precipitate  which  is 
obtained  soon  turns  almost  entirely  into  a  pale  green  mass,  and  suffers 
no  further  change  in  the  fluid  ;  but  if  to  the  solution  of  sulphide  of 
sodium  we  previously  add  a  sufficient  quantity  of  subsulphide  of  sodium, 
the  green  product  of  the  decomposition  which  is  first  formed  changes, 
for  the  most  part,  after  some  months,  into  a  matter  having  a  great 
resemblance  to  uranium  red. 

"  Sulphide  of  sodium  forms  a  citron  yellow  precipitate  in  solutions  of 
oxide  of  uranium,  the  same  as  hydrosulphide  of  ammonium.  This 
precipitate,  treated  with  a  current  of  sulphuretted  hydrogen,  and  with 
a  solution  of  caustic  soda,  which  is  poured  in  little  by  little  until  satu- 
rated, changes  into  a  deep  green  mass,  afterwards  into  uranium  red, 
provided  great  care  be  taken  not  to  employ  too  large  quantities  of  the 
reagents. 

"  Very  often  the  change  we  have  just  described  does  not  pass  beyond 
the  deep  green  mass.  This  mass  may  be  washed  by  decantation,  and 
then  filtered ;  but  if  it  remains  too  long  in  pure  water,  it  is  partially 
transformed  into  a  yellow  matter. 

"From  oxysulphide  of  uranium,  recently  precipitated  and  decomposed 
with  an  excess  of  hydrosulphide  of  ammonium,  at  a  temperature  of 
40°  or  50°  C,  we  obtain  a  suboxide  of  uranium,  which  remains  stable 
in  the  liquid,  even  for  a  very  long  time,  so  that  it  does  not  show  any 
transformation  into  uranium  red.  This  fact,  added  to  the  great  partial 
solubility  of  the  precipitate  in  dilute  hydrochloric  acid,  is  a  strong  proof 
that  the  oxysulphide  of  uranium  is  a  definite  chemical  compound  ;  for 
it  is  evident  that  the  suboxide  of  uranium  does  not  exist  in  the  free 
state  in  this  substance,  but  only  arises  from  decomposition.  Again,  the 
liquor  of  hydrosulphide  of  ammonia  no  longer  has  the  same  action 
on  the  oxvsulphide  of  uranium — prepared  pure  and  dry  by  the  process 
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■which  I  have  recommended  elsewhere — as  on  the  mixture  recently  pre- 
cipitated. 

"  If  this  reagent  is  added  to  the  oxysulphide  of  uranium,  dried  in 
vacuo,  the  liquid  is  turbid  at  first,  but  afterwards  becomes  clear;  the 
mass  passes  from  red  to  pale  red  (fauve)  in  several  places.  Its  complete 
transformation  into  a  red  substance  only  takes  place  after  a  very  long 
time. 

"Several  shades  of  uranium  reds  would  be  very  useful  to  the  painter, 
on  account  of  their  fine  colour,  if  they  were  permanent  in  contact  with 
oils  ;  but,  unfortunately,  if  they  are  blended  with  poppy  or  nut  oil,  they 
change  in  time,  and  the  colour  which  remains  at  the  end  approaches 
very  near  to  that  called  '  burnt  sienna.'  The  uranium  reds  prepared 
directly  resist  this  alteration  better. 

"  We  must  again  point  out  a  very  important  fact,  the  examination  of 
which  may  throw  some  light  on  the  mode  of  producing  uranium  red  in 
the  solution  of  sulphydrate  of  ammonium.  We  know  that  the  black 
sulphide  of  mercury,  if  allowed  to  remain  from  its  first  formation  in 
contact  with  any  alkaline  sulphide  whatever,  passes  into  the  splendid 
state  of  vermilion,  gradually  at  ordinary  temperatures,  more  quickly 
under  the  action  of  heat.  In  my  opinion,  this  fact  is  not  explained  with 
sufficient  accuracy  by  saying  that  the  amorphous  sulphide  of  mercury 
changes  into  crystallized  sulphide  of  mercury. 

"  No  one  will  deny  that  there  is  a  great  resemblance  between  the 
change  of  oxysulphide  of  uranium  into  uranium  red  and  the  transfor- 
mation which  we  have  just  referred  to.  Moreover,  the  principal  reactions 
of  the  red  substance  agree  perfectly  with  those  which  are  exhibited 
by  the  oxysulphide,  and  acids  especially  exhibit  the  same  action  on 
either  substance  ;  but  the  fact  that  the  red  substance  is  much  less  acted 
on  by  alkalies,  may  be  well  explained  by  the  crystalline  state  in  which 
it  exists.  Uranium  red  also  contains  some  metal  in  the  form  of  sub- 
oxide ;  and  the  smaller  quantity  of  sulphur  found  on  analysis  should 
sensibly  increase,  if  we  take  into  account  the  hydrated  oxide  of  uranium 
which  is  found  mixed  with  it.  And  certainly,  if  we  adopt  this  explana- 
tion of  the  formation  of  cinnabar,  it  is  conceivable  that,  by  applying  it 
to  the  formation  of  uranium  red,  we  should  have  an  excellent  way  of 
escaping  from  certain  difficulties — so  that  we  should  say,  the  pale  red 
[fauve)  and  amorphous  oxysulphide  of  uranium  changes,  little  by  little, 
into  the  red  and  crystalline  oxysulphide  of  uranium,  under  the  action 
of  hydrosulphide  of  ammonium." 


RECENT     PATENTS. 


IMPROVEMENTS   IN   THE   MANUFACTURE   AND   ORNA- 
MENTATION OF  GARMENTS. 

Benjamin  Nicoll,  Regent  Street,  London. — Patent  dated 
2Uh  June,  18G4. 

Tins  invention  has  reference  more  particularly  to  the  manufacture  of 
shirt  fronts,  collars,  and  wristbands,  and  is  partly  applicable  to  the 
manufacture  of  other  articles,  whether  of  wearing  apparel  or  otherwise 
requiring  to  be  stitched  or  ornamented.  The  various  processes  em- 
ployed in  the  manufacture  of  such  articles  are  effected  by  a  combination 
of  machinery,  consisting  of  several  parts  and  subordinate  combinations ; 
but  they  are  all  capable  of  being  worked  by  the  same  prime  mover,  and 
from  a  common  shaft. 

The  improvements  consist : — 1st,  Of  a  peculiar  cutting  machine  for 
cutting  out  into  various  shapes  the  pieces  of  fabric  or  material  required 
in  the  formation  of  garments  and  other  articles.  2nd,  Of  a  machine 
for  turning  over  the  edges  of  the  fabric  after  it  has  -been  cut  out,  and 
before  stitching  the  same.  3rd,  Of  a  machine  for  uniting  and  pressing 
together  two  pieces  of  fabric,  after  they  have  had  their  edges  turned 
over  by  the  machine  last  referred  to.  4th,  Of  certain  peculiar  arrange- 
ments and  combinations  of  machinery  or  apparatus  for  sewing,  stitching, 
and  embroidering  fabrics  or  materials,  wherein  several  sewing  machines 
are  combined  together,  and  actuated  and  driven  simultaneously  from 
one  set  of  cams  common  to  all,  and  from  one  common  driving  shaft. 
5th,  Of  a  novel  mode  of,  and  apparatus  for,  finishing  the  edges  of  shirt 
collars,  cuffs,  or  wristbands,  and  parts  of  garments  and  other  articles 
which  are  suited  to  receive  binding.  6th,  Of  an  improved  mode  of, 
and  apparatus  for,  insuring  a  perfectly  true  edge,  when  stitching  or 
hemming  round  a  straight  or  curved  surface.     7th,  Of  an  improved 


hemmer.  8th,  Of  an  improved  mode  of,  and  apparatus  for,  uniting 
together  the  edges  of  fabrics  by  what  is  known  as  "seaming."  9th,  Of 
an  improved  mode  of,  and  apparatus  for,  embroidering  or  ornamenting 
fabrics.  10th,  Of  an  improved  mode  of,  and  apparatus  for,  stitching 
button  holes.  11th,  Of  an  improved  mode  of,  and  apparatus  for,  form- 
ing plaits  for  shirt  fronts  and  other  garments. 

Fig.  1  represents  a  longitudinal  vertical  section  of  the  improved  cut- 
ting machine.  A  is  the  main  framing  of  the  machine,  upon  which  is 
bolted  the  table,  B.  The  main  driving  shaft  may  be  driven  either  by  hand 
through  the  intervention  of  a  winch  handle,  or  by  steam  or  other  power. 
A  pinion  is  keyed  on  to  one  end  of  this  shaft,  and  gears  into  a  spur  wheel 
or  toothed  segment,  e,  shown  by  a  dotted  circle,  fast  on  the  rocking  shaft, 
F,  which  works  in  bearings  in  the  upper  part  of  the  main  framing. 
This  shaft,  f,  carries  a  drum  or  segment  of  a  drum,  g,  on  the  surface  of 
which  are  secured,  iu  any  convenient  manner  so  as  to  be  readily  removed 
therefrom,  the  cutters,  h.  These  cutters,  which  are  curved  to  conform 
to  the  curved  surface  which  carries  them,  are  knife-edged,  and  their 
contour  corresponds  to  the  desired  shape  of  the  piece  to  be  cut.  A 
sliding  table  or  plate,  I,  is  placed  upon  the  fixed  table,  B,  and  slides 
freely  between  the  guiding  strips,  a  a,  which  are  fixed  to  the  table,  B, 
the  edges  of  the  strips  and  the  sliding  plate,  I,  being  bevelled  so  as  to 

Fig.  1. 


form  dove-tails,  whereby  the  plate,  I,  is  kept  down  upon  the  table,  B. 
Upon  each  edge  of  the  plate,  I,  there  is  secured  a  rack,  6,  which  gears 
into  corresponding  circular  or  segmental  racks,  c  c,  secured  to  each  end 
of  the  drum  or  segment,  G ;  and  consequently,  as  this  drum  reciprocates 
on  its  centre,  f,  it  imparts  a  to-and-fro  horizontal  sliding  motion  to  the 
plate,  I,  which  carries  the  fabric  to  be  cut.  The  fabric  is  laid  upon  the 
plate,  i,  in  the  form  of  a  pile,  c',  composed  of  several  thicknesses  or 
layers  of  fabric,  such  pile  being  maintained  in  its  place  upon  the  plate,  I, 
by  means  of  register  pins  fixed  in  the  plate  with  their  points  upwards. 
The  pile  is  adjusted  upon  the  plate,  I,  when  it  is  run  out  to  its  full 
extent ;  and  so  soon  as  the  cutter  drum  commences  to  turn,  it  draws  the 
plate,  I,  with  the  pile  upon  it  underneath  the  cutter  or  cutters,  which 
begin  their  cut  at  one  end  and  terminate  at  the  opposite  end  thereof— 
the  entire  pile  being  completely  cut  through  by  the  time  it  has  passed 
under  the  cutters,  and  has  been  brought  to  the  opposite  side  of  the 
drum.  At  this  point  the  remains  of  the  pile  are  removed  from  the 
plate,  I,  to  be  replaced  by  a  fresh  pile,  and  the  articles  or  pieces  cut  out 
by  the  last  operation  of  the  cutters  are  expelled  from  the  cutter  or 
cutters  by  springs  contained  inside  the  cutters,  or  removed  therefrom 
by  hand.  The  fresh  pile  having  been  adjusted,  the  return  or  reverse 
movement  of  the  machine  will  effect  the  next  cut,  and  so  on,  the 
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machine  being  driven  backwards  and  forwards  alternately.  In  order  to 
protect  the  edges  of  the  cutters  from  injury  by  coming  into  forcible 
contact  with  the  surface  of  the  plate,  I,  there  are  guards  or  flanges, 
formed  upon  each  end  of  the  drum,  which  bear  upon  the  periphery  of  a 
roller,  K,  fast  on  the  driving  shaft,  such  flanges  and  roller  being  so  dis- 
posed that  the  edges  of  the  cutters  shall  only  just  touch  the  surface  of 
the  plate,  I.  In  order  to  allow  of  the  roller,  K,  working  against  the 
flanges  or  guards,  a  slot  or  opening  is  made  across  the  fixed  table,  b, 
of  the  machine,  above  the  roller,  which  arrangement  also  affords  a 
means  of  supporting  that  portion  of  the  plate,  I,  immediately  under  the 
centre  of  the  drum,  by  causing  it  to  rest  upon  and  travel  over  the  sur- 
face of  the  roller,  e  is  one  of  a  pair  of  adjusting  screws  for  adjusting 
the  height  of  the  roller,  k. 

In  the  manufacture  of  shirts  and  collars,  and  other  garments  and  ar- 
ticles of  dress,  it  is  requisite  in  some  cases  to  turn  over  the  edges  of  the 
fabric  after  it  has  been  cut  out  and  before  stitching  the  same ;  and  this 
operation  is  accomplished  by  the  aid  of  the  machine  represented  in  plan 
at  fig.  2.  This  machine  consists  of  a  hot  plate  or  table,  A,  heated  by 
steam,  gas,  or  otherwise,  and  having  a  shallow  matrix  or  sunk  part  on 
its  surface,  corresponding  in  size  and  shape  with  the  finished  shirt  collar, 


wristband,  or  other  article  to  be  produced.  The  piece  of  fabric  or 
blank,  previously  cut  out  to  the  proper  shape  and  damped  slightly,  is 
laid  upon  the  matrix  in  the  hot  plate,  and  a  thin  pressing  plate,  B,  is 
then  brought  down  upon  it,  thereby  forcing  the  fabric  into  the  matrix, 
and  causing  the  surrounding  edges  which  overlap  the  sides  of  the 
matrix  to  turn  up  slightly.  The  pressing  plate,  B,  may  be  conveniently 
carried  by  a  pair  of  bent  arms,  C,  hinged  at  D  to  the  edge  of  the  hot 
plate,  so  that  the  pressing  plate  may  be  easily  turned  back  and  brought 
into  the  matrix.  This  plate,  moreover,  should  correspond  in  shape  to 
that  of  the  matrix,  which  it  should  fit  easily  so  as  to  allow  for  the  thick- 
ness of  the  fabric  between  its  edges  and  the  inner  sides  of  the  matrix ; 
it  should  also  be  made  sufficiently  thin  to  permit  of  the  passage  of  the 
slides,  D  d',  over  it  when  in  the  matrix.  The  raised  edges  of  the  piece 
of  fabric  are  folded  down  and  over  the  edges  of  the  pressing  plate  by 
the  slides,  d  d',  which  are  caused  to  approach  simultaneously  on  all 
sides  of  the  matrix,  and  thereby  press  or  fold  down  the  edges  of  the 
fabric.  Two  of  these  slides,  d  d,  are  actuated  by  a  right  and  left 
handed  screw  spindle,  E,  and  nuts  fixed  to  the  slides,  whilst  the  other 
slides,  d'  d',  may  receive  their  motion  from  the  slides,  d  d,  by  means 
of  the  inclined  slots,  6,  in  the  plates,  c,  secured  to  the  slides,  D,  working 
over  corresponding  pins  fixed  in  the  slides,  D'.  In  order  to  facilitate 
the  accurate  adjustment  of  the  piece  of  fabric  over  the  matrix,  register 
pins  may  be  fitted  to  the  surfaces  of  the  slides,  which,  when  in  their 
outward  position,  will  be  accurately  placed  for  the  reception  of  the  piece 
to  be  operated  upon.  The  several  slides  which  are  represented  in  their 
closed  position  in  fig.  2,  are  guided  in  their  movements  by  dove-tailed 
guides,  d,  screwed  to  the  table,  a  ;  and  in  order  to  vary  slightly  the  size 
or"  the  matrix,  this  table  is  made  in  two  or  more  parts,  so  that  by  with- 
drawing them  slightly  the  size  of  the  matrix  may  be  increased,  e  e  are 
slots  and  screws  fur  fixing  the  parts  of  the  table,  A,  in  any  desired  posi- 
tion on  the  main  stand,  G,  of  the  machine,  in  which  they  are  free  to  be 
adjusted.  The  screw  spindle,  E,  is  actuated  by  hand  through  the  inter- 
vention of  the  hand-wheel,  h,  or  by  power  in  any  convenient  manner 
capable  of  imparting  the  desired  forward  and  backward  rotatory  motion 
of  the  screw.  After  each  piece  of  fabric  has  been  operated  upon  in  the 
manner  above  described,  the  pressing  plate,  B,  with  the  piece  of  fabric 
held  thereon,  is  elevated  from  the  matrix,  and  the  folded  piece  is  re- 
1  and  a  fresh  piece  placed  in  the  machine. 


The  next  operation  is  to  unite  and  press  together  two  pieces  of  fabric 
whose  edges  have  been  turned  over  so  as  to  form,  for  example,  the  two 
sides  of  a  collar  or  wristband,  and  prepare  the  article  for  stitching. 
Fig.  3  represents  a  plan  of  a  mould  or  matrix  (shown  open)  which  is 
employed  for  this  purpose.  The  two  pieces  of  fabric  are  placed  with 
their  turned-in  edges  face  to  face  in  the  matrix,  A,  which  is  of  the  exact 
size  and  shape  of  the  pieces  to  be  operated  upon.  It  is  preferred  to 
unite  the  two  pieces  by  a  little  starch  whilst  in  the  mould,  so  as  to  keep 
them  together  when  removed  therefrom,  and  whilst  undergoing  the 
operation  of  stitching.  This  mould,  A,  may  or  may  not  be  heated,  but 
it  is  preferred  to  heat  it.  B  is  a  pressing  plate,  which  may  also  be  heated 
or  not  as  preferred  ;  it  is  convenient!)'  fitted  to  the  lid  or  cover,  C,  which 
is  hinged  to  the  mould  so  as  to  be  readily  closed  down  and  pressed  upon 
the  pieces  of  fabric  when  adjusted  in  the  matrix.  By  this  means  the 
edges  of  the  pieces  are  pressed  and  flattened  and  brought  evenly  to- 
gether in  readiness  for  the  next  process,  namely,  that  of  stitching,  which 
may  be  accomplished  by 

the  improved  machinery  Fig.  3. 

hereinafter  described,  or^sas^llllllllllilllllllilllllllllllllllliiiliM 
by  any  other  sewing 
machine.  In  order  to 
accommodate  pieces  of 
various  sizes,  the  matrix, 
A,  is  made  in  two  or 
more  parts,  as  shown, 
these  parts  being  adjusted 
nearer  to,  or  further  from 
each  other  in  a  groove 
or  channel,  a,  in  the  body,  b,  of  the  apparatus ;  set  screws  or  other 
well-known  contrivances  are  employed  for  keeping  the  several  parts 
in  their  proper  positions.  In  such  case  the  pressing  plate,  B,  which 
should  always  fit  accurately  inside  the  matrix,  may  also  be  composed  of 
two  or  more  adjustable  parts,  as  shewn,  c  c  are  the  handles  for  facili- 
tating the  opening  and  closing  of  the  apparatus. 

Fig  4.  represents  a  front  elevation  of  a  compound  sewing  machine, 
wherein  are  combined  together,  in  one  main  framing  or  support,  a  num- 
ber of  sewing  machines  situate  one  above  another,  and  so  arranged  that 
they  shall  all  be  worked  simultaneously  and  in  concert,  the  object  being 
to  stitch  a  number  of  articles  at  one  and  the  same  operation.  Fig.  5  is 
a  side  elevation  of  the  same,  a  is  a  smooth  or  polished  bedplate  or 
table,  which  may  consist  either  wholly  or  partly  of  metal,  glass,  or  other 
suitable  material.  This  bedplate  may  be  either  cast  in  one  piece  with, 
or  have  bolted  thereto,  a  long  vertical  bracket  or  standard,  b,  provided 
with  a  cam  shaft,  c  and  c',  at  its  upper  and  lower  end — both  these  shafts 
being  driven  simultaneously  and  in  concert  by  bevel  gearing  or  other 
suitable  mechanical  contrivance.  In  the  engraving  is  shown  a  bevel 
wheel,  D  d',  keyed  on  to  the  back  end  of  each  shaft,  and  gearing  into 
a  corresponding  bevel  wheel,  E  e',  both  fast  on  a  vertical  second  motion 
shaft,  F,  working  in  bearings,  G  G,  attached  to  the  back  of  the  main 
vertical  standard,  B.  Motion  is  communicated  to  the  vertical  shaft,  F, 
by  means  of  a  bevel  wheel,  H,  sliding  along  a  feather  on  the  first  motioii 
or  driving  shaft,  I,  actuated  by  a  strap  and  fast  and  loose  driving  pullies, 
k  k',  or  otherwise.  The  boss  of  the  bevel  wheel,  h,  may  be  grooved  to 
receive  the  end  of  a  clutch  lever,  whereby  this  wheel  may  be  thrown 
out  of  gear  at  any  moment,  and  so  stop  the  entire  series  of  sewing 
machines.  In  the  inner  face  of  the  upper  disc  there  are  formed  two 
cam  grooves,  and  in  the  lower  disc  a  single  cam  groove  only  is  pro- 
vided, such  groove  corresponding  in  every  respect  with  one  of  the 
grooves  in  the  upper  disc.  The  object  of  one  cam  groove  is  to  give 
motion  to  the  needle  bar,  M,  which  extends  from  the  bottom  to  the 
top  of  the  standard.  This  bar  is  guided  and  steadied  laterally  by  guide 
lugs  cast  on  the  front  of  the  standard,  through  some  of  which  lugs  are 
passed  pins  which  work  in  slots  in  the  needle  bar.  This  bar  is  provided 
at  its  upper  end  with  a  pin  or  friction  bowl  which  works  freely  in  the 
cam  groove,  so  that  as  the  cam  rotates  it  will  impart  an  up-and-down 
positive  motion  to  the  needle  bar,  m.  To  this  bar  are  fitted,  in  any 
convenient  manner,  the  whole  of  the  needles  for  the  several  sewing 
machines,  such  being  placed  at  suitable  distances  above  each  other,  so 
as  to  coincide  with  the  different  sewing  machines  carried  on  the  vertical 
standard,  B.  In  the  engraving  this  standard  is  represented  as  capable 
of  receiving  twelve  machines,  but  of  course  this  number  may  be  varied 
as  desired.  As  each  sewing  machine  is  an  exact  counterpart  of  the 
other,  oidy  one  is  represented  in  the  engravings;  and  although  a  certain 
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type  of  sewing  machine  is  illustrated,  the  improvements  are  not  con- 
fined to  such  type,  as  any  number  of  other  well-known  or  improved 
sewing  machines  may  be  combined  together  so  as  to  work  in  accordance 
with  this  invention.  At  regular  intervals  are  cast,  one  above  the  other 
and  in  two  vertical  parallel  rows  on  the  front  of  the  main  standard,  B, 
a  number  of  projecting  lugs  or  brackets,  N  N,  to  each  pair  of  which 
horizontally  is  screwed  the  table  or  cloth  plate,  o,  of  a  sewing  machine, 
so  that  a  number  of  such  tables  will  be  ranged  in  tiers  one  above  the 
other.  The  feeding  devices  of  the  several  sewing  machines  are  all 
worked  from  the  vertical  bar,  P,  which  is  parallel  with  the  needle  bar, 
M  This  feeding  bar  is  guided  in  brackets,  Q  Q,.  at  the  upper  and  lower 
end,  bolted  to  the  standard,  B.  In  the  upper  end  of  the  feeding  bar 
there  is  a  pin  or  stud,  c,  which  fits  into  a  slot  in  the  bent  lever,  E, 
working  on  a  fixed  centre,  s.     The  elbow,  d,  of  this  lever  rests  upon 


Fig.  4, 


a  cam  or  wiper,  on  the  upper  cam  shaft,  c,  the  effect  of  which 
arrangement  is  to  elevate  the  feeding  bar,  P,  at  each  revolution  of  this 
cam  or  wiper;  whilst  the  india  rubber  or  other  spring  attached  to 
the  free  end  of  the  bent  lever,  r,  and  to  the  adjustable  hook  in  the  fixed 
lug,  v,  tends  constantly  to  draw  down  or  depress  the  feeding  bar,  keep- 
ing the  lever,  R,  always  in  contact  with  the  cam  or  wiper.  A  lateral 
to-and-fro  motion  is  imparted  to  the  feeding  bar  by  means  of  two  cams 
or  eccentrics  respectively  carried  by  the  upper  and  lower  cam  shafts, 
C  c',  and  acting  against  the  side  of  the  feeding  bar,  p,  which  is  free  to 
play  in  its  guiding  brackets,  Q  Q ;  x  x  are  springs  employed  for  keep- 
ing the  side  of  the  bar,  P,  in  contact  with  the  periphery  of  the  cams. 
These  feeding  cams  may  either  be  cast  in  one  piece  with  the  cam 
discs,  L  i/,  or  fitted  separately  upon  their  respective  cam  shafts.  By 
attaching  rigid  arms  at  suitable  distances  above  each  other  to  the 


feeding  bar,  p,  and  by  providing  each  arm  with  a  feeding  foot,  it  is 
obvious  that  the  several  feeding  feet  will  receive  the  motions  requisite 
for  such  feed  simultaneously  from  the  common  feeding  bar,  and  will 
propel  the  work  along  in  each  of  the  sewing  machines  simultaneously 
and  at  the  same  speed  with  the  same  length  of  stitch,  the  work  per- 
formed in  the  several  sewing  machines  being  uniform.  The  feeding 
foot  which  I  prefer  to  employ  is  jointed  to  the  lower  end  of  the  arm, 
and  is  acted  upon  by  a  spring,  which  allows  of  a  slight  yielding 
action  in  the  foot.  The  length  of  stitch  is  regulated  from  the  main 
feeding  bar,  P,  by  means  of  the  adjusting  screws,  Y  Y,  carried  thereby, 
and  striking  against  the  fixed  stops,  z  z,  on  the  main  standard,  B.  In 
the  engraving  is  represented  a  top  feed,  which  requires  to  be  lifted  each 
time  the  work  is  removed  or  replaced,  and  this  is  accomplished  by 
elevating  the  lever,  e,  upon  which  the  feeding  bar,  P,  rests  at  its  lower 
end,  whereby  the  whole  of  the  feeding  feet  will  be  lifted  simultaneously 


from  off  the  work,  and  held  up  by  causing  the  lever,  e,  to  enter  a 
retaining  notch  in  the  fixed  guide,  /.  The  several  shuttles,  loopers,  or 
other  suitable  or  well-known  instruments  employed  for  carrying  a  second 
thread,  or  for  completing  and  securing  the  stitch  when  a  single  thread 
only  is  employed,  are  worked  simultaneously  and  in  concert  from  the 
third  parallel  vertical  bar,  g.  When  reciprocating  shuttles  are  employed 
the  several  drivers  are  attached  directly  to  this  bar ;  but  when  any  of 
the  well-known  looper  arrangements  are  used,  then  suitable  attachments, 
which  will  be  readily  understood  by  a  practical  sewing-machine  maker, 
are  to  be  fitted  to  the  bar,  g,  so  as  to  be  capable  of  imparting  the  desired 
motion  or  motions  to  the  loopers.  In  all  cases,  however,  the  several 
shuttles  or  loopers  receive  their  movements  from  one  common  driving 
bar,  the  use  of  which  constitutes  one  of  the  essential  features  of  this 
part  of  my  invention.  The  bar,  g,  is  rigidly  connected  at  the  top  and 
bottom  to  two  bent  arms,  h  h',  respectively  ;  the  parts,  i  i,  of  such  bent 


June  1, 1S65. 


THE   PRACTICAL   MECHANIC'S   JOURNAL. 


81 


arms  working  in  guides  secured  to  the  standard,  B,  and  being  pro- 
vided each  with  a  stud  or  howl,  Jc  k',  which  work  in  cam  grooves, 
in  the  discs,  L  i/.  It  will  thus  be  seen  that  by  placing  or  setting 
the  cams  in  the  same  positions,  and  imparting  a  rotatory  motion  there- 
to, the  bar,  g,  will  receive  a  to-and-fro  parallel  lateral  motion,  being 
guided  therein  by  the  parts,  i  i',  of  the  arms,  h  h',  working  in  their 
fixed  guides.  The  bar,  17,  is  further  guided  and  steadied  in  its  move- 
ments by  the  pins,  I  I',  forming  part  of  the  arms,  h  h',  aud  working 
through  guide-holes  in  brackets,  m  m',  bolted  to  the  side  of  the  standard, 
B.  It  will  thus  be  seen  that  any  number  of  sewing  machines  may  be 
arranged  one  above  the  other,  in  which  machines  all  the  needles,  feeders, 
and  shuttles  or  loopers  (as  the  case  may  he),  are  respectively  worked 
from  the  three  bars,  31,  P,  and  g,  which  are  common  to  all  the  machines, 
and  which  are  actuated  from  two  cam  shafts  only.  The  work  to  be 
stitched,  as  for  example,  a  dozen  collars  or  wristbands,  is  carried  in  clamps, 
n  (fig.  5).  These  clamps  may  be  of  any  convenient  construction,  and 
are  fitted  one  above  another  on  brackets  or  arms,  o,  attached  to  a  vertical 
support,  p,  standing  upon,  and  capable  of  sliding  freely  in  any  direction 
over  the  smooth  or  polished  bedplate,  A,  hereinbefore  referred  to ;  the 
several  clamps  being  so  disposed  that  the  work  in  each  shall  rest  upon 
and  move  over  the  cloth  plate  or  table  of  the  sewing  machine  opposite 
to  it.  In  order  that  the  several  pieces  of  work  may  be  all  in  the  same 
relative  position,  pins  are  fitted  into  one  of  the  jaws  of  each  clamp,  such 
pins  passing  through  holes  made  by  corresponding  register  pins  in  the 
pressing  machine  hereinbefore  described.  Each  clamp  may  consist  of 
two  jaws  of  hard  wood,  having  their  holding  surfaces  roughened  or 
scored  so  as  to  give  a  firmer  hold  on  the  cloth  placed  between  them. 
These  two  jaws  may  be  pressed  together  by  U-shaped  or  other  springs 
or  clips.  At  the  top  and  bottom  of  the  upright,  p,  which  carries  the 
several  clamps  there  may  be  fitted,  if  desired,  a  metal  template  or 
pattern  (the  lower  one  only  of  which  is  shown  at  r,  fig.  5)  of  the  exact 
contour  of  the  article  to  be  stitched ;  such  templates  or  pattern  surfaces 
bearing  at  their  edges  against  a  fixed  or  adjustable  gauge  or  stop, 
secured  to  any  convenient  fixed  portion  of  the  machine.  These  two 
templates  consequently  control  the  course  of  the  whole  of  the  different 
pieces  of  work,  and  by  adjusting  the  stops  or  gauges  the  stitching  in 
each  piece  of  work  will  be  nearer  to,  or  further  from,  the  edge  of  the 
fabric.  Each  of  the  several  sewing  machines  is  also  provided  with  an 
adjustable  gauge,  against  which  the  edge  of  the  work  presses  as  it  is 
propelled  or  drawn  along  by  the  feeders.  A  notched  stem  is  fitted 
to,  or  formed  upon  each  gauge,  which  stem  enters  a  socket  in  the 
end  of  a  bracket,  rigidly  secured  to  the  end  of  the  arm,  u,  fast  on  a 
vertical  spindle,  v,  which  is  supported  in  brackets,  w,  at  the  side  of  the 
standard,  B.  These  arms,  a,  are  adjustable  to  any  height  along  the 
spindle,  r,  by  means  of  set  screws.  A  nick  is  made  across  the  socket 
which  holds  the  stem  of  the  gauge,  and  in  this  nick  enters  a  hinged 
plate  which  also  enters  one  or  other  of  several  nicks  made  across 
the  stem,  by  which  arrangement  the  gauge  may  be  set  to  any  desired 
position,  and  there  retained  by  the  hinged  plate.  It  is  obvious  that 
other  well-known  appliances  may  be  used  for  adjusting  or  setting  the 
several  gauges.  Should  the  gauges  not  be  required  they  may  be  all 
removed  or  turned  out  of  the  way  by  turning  the  spindle,  v,  in  its  bear- 
ing-brackets. When  stitching  straight  or  nearly  straight  seams,  the 
upright,  p,  which  carries  the  clamps  will  follow  the  course  of  the  seam, 
guided  by  the  templates  assisted  by  the  hand  of  the  attendant  if  re- 
quired, the  dragging  action  of  the  several  feeders  being  sufficient  to 
cause  the  three  supporting  feet,  p',  of  the  upright,  p,  to  slide  over  the 
smooth  bedplate  or  table,  A,  in  the  direction  required.  It  is  proposed 
to  employ  in  the  several  sewing  machines  a  peculiar  tension  apparatus, 
which  is  equally  applicable  to  any  other  shuttle  machine  working  separ- 
ately in  the  usual  manner.  According  to  this  part  of  the  invention  a 
variable  or  adjustable  friction  is  imparted  to  the  thread-lifter,  y — shown 
at  fig.  4,  and  in  enlarged  detail  at  fig.  6— this  lifter  being  raised  at  each 
stroke  by  a  stud  on  the  needle  bar.  The  friction  is  applied  to  the 
periphery  of  a  friction  disc,  z,  on  the  axis  of  the  lifter,  and  upon  the  edge 
of  this  disc  rests  a  lever,  1,  having  a  portion  curved,  out  so  as  to  fit  the 
periphery  of  the  disc.  This  lever  works  on  a  fixed  centre,  2,  at  one 
end,  and  is  held  down  at  its  free  end  by  an  india-rubber  or  elastic 
band,  3,  which  passes  over  the  lever,  1,  or  over  a  screw  nut  working 
along  a  screwed  portion  of  that  lever,  so  as  to  approach  towards  or 
recede  from  the  fulcrum  or  centre  of  the  lever  on  being  rotated.  The 
other  part  of  the  band,  3,  is  looped  round  a  fixed  arm.  It  will  thus 
be  obvious  that  by  turning  the  nut  so  as  to  adjust  it  nearer  to,  or  further 
THIRD  SERIES. — VOL.   I. 
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from  the  fulcrum  of  the  lever,  1,  the  friction  against  the  disc  on  the  axis 
of  the  lifter,  y,  will  be  diminished  or  augmented  accordingly.  The 
needle  thread  is  first  passed  through  a  guide  eye  in  the  free  end  of  an 
adjustable  arm,  y',  and  thence  passes  through  a  guide  eye  in  the  end  of 
the  lifter,  y,  from  which  it  passes 
through  another  eye  in  the  needle  Fig.  6. 

carrier,  and  thence  through  the 
eye  of  the  needle.  As  the  shuttle 
is  entering  and  expanding  the 
loop,  the  lifter,  y,  is  drawn  down 
on  to  the  stud  on  the  needle 
carrier;  the  greater  the  friction 
on  the  lifter  the  tighter  will  be 
the  stitch.  A  similar  arrange- 
ment of  levej,  1,  friction  disc,  z, 
a,nd  spring,  3,  are  employed  for 
giving  more  or  less  tension  to 
the  thread  on  leaving  the  bobbin, 
the  friction  disc,  z,  being  fixed  on  the  spindle  or  axis  of  the  bobbin 
which  axis  turns  with  the  bobbin ;  but  in  lieu  of  curving  the  lever  to 
fit  the  disc,  a  piece  of  leather  may  be  fitted  thereon. 

Another  part  of  this  invention,  illustrated  by  figs.  7,  8,  and  9,  consists 
of  a  novel  mode  of  finishing  the  edges 
of  shirt  collars  and  cuffs  or  wrist- 
bands, and  parts  of  garments  and 
other  articles  which  are  suited  to 
receive  binding.  In  finishing  or  bind- 
ing edges  according  to  this  improved 
method,  a  narrow  strip,  a,  of  coloured 
or  plain  fabric  is  first  stitched  on  to 
the  edge  of  the  article,  b,  to  be  bound, 
bringing  the  edge  of  the  article  and 
the  edge  of  the  strip  or  binding  even 
with  each  other,  or  nearly  so,  as  shown 
at  fig.  7.  In  this  condition  the  strip 
is  united  to  the  article  by  a  line  of 
stitches  near  the  edge  thereof,  and  the 
opposite  edge  of  the  strip,  a,  is  folded 
or  turned  over  in  the  form  of  a  half 
hem,  as  shown  in  fig.  8.  When  the 
strip  has  been  thus  attached  and  folded, 
it  is  turned  over  the  edge  of  the  article 
from  the  line  of  stitches  just  made, 
and  a  second  line  of  stitches  is  introduced  through  the  article  and 
through  that  portion  of  the  binding  only  which  has  been  turned  under, 
taking  care  that  these  stitches  be  as  close  as  possible  to  the  upper  edge 
of  the  binding  without  catching  it,  as  shown  in  the  view  of  the  finished 
binding  at  fig.  9. 

Another  part  of  this  invention  consists  of  a  novel  mode  of  forming 
the  plaits  of  shirt  fronts,  which 

the  inventor  terms  "  false  plaits."  Fig.  1 0. 

The  false  plait  consists  of  a 
narrow  strip  of  fabric,  a,  fig.  10, 
the  longitudinal  raw  edges  of 
which  are  turned  under  and  y&Z~ 
stitched  down  on  to  a  plain  piece  6 
of  fabric,  b,  which  forms  the 
foundation  or  body  of  the  shirt 
front.  The  stitches  are  made  at 
a  slight,  distance  inside  the 
turned  down  edge  so  as  to  leave 
the  actual  edge  loose,  and  thus  give  the  appearance  of  a  plait  By 
this  mode  of  forming  plaits  considerable  economy  in  time,  labour,  and 
material  is  obtained,  compared  with  the  ordinary  method  of  folding 
the  several  plaits  from  one  and  the  same  piece  of  fabric. 


COOKING    EGGS. 

E.  P.  Malaport,  Paris. — Patent  dated  8th  August,  1864. 

Tins  invention  relates  to  a  peculiar  construction  and  arrangement 
of  apparatus  for  cooking  eggs,  whereby  greater  certainty  and  regularity 
in  their  cooking  are  obtained.     According  to  this  invention  it  is  pro- 
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division,   No.   1. 
the  egg  will  still 


posed  to  combine  with  any  convenient  holder,  capable  of  containing  one 
or  more  eggs,  a  thermometer  inclosed  in  a  tube  which  is  open  on  one 
side  to  show  the  degrees  or  graduations.  It  will  be  found  that  three 
different  graduations  will  be  sufficient,  ranging  from  163°  to  167° 
Fahrenheit  inclusive— such  being  the  temperatures  at  which  eggs  are 
properly  cooked.  In  using  this  apparatus,  it  is  placed  with  the  eggs 
in  a  vessel  of  water  of  the  ordinary  temperature,  which  water  is  then 
to  be  heated  in  any  convenient  manner  and  the  thermometer  watched 
until  the  mercury  has  risen  to  one  or  other  of  the  graduations  above 
referred  to,  according  to  the  extent  to  which  the  eggs  are  to  be  boiled, 
when  the  holder  is  to  be  removed  from  the  water,  and  the  eggs  will  be 
found  to  be  perfectly  cooked.     Our  engraving  represents  the  holder,  A, 

consisting  of  a  plate  perforated  with  a 
number  of  holes  according  to  the 
number  of  eggs  such  holder  is  intended 
to  contain.  B  is  a  hollow  tube  fixed 
to  the  plate,  A,  and  inclosing  the  tube 
of  a  thermometer  graduated  as  before 
described  ;  such  graduations  being 
numbered  1,  2,  and  3,  or  otherwise 
indicated.  The  liquid  of  the  thermo- 
meter may  be  either  mercury,  alcohol, 
or  liquid  coloured  or  not.  In  cooking 
eggs,  the  holder,  A,  with  the  eggs  con- 
tained in  the  holes  thereof,  is  plunged 
into  a  vessel,  c,  containing  sufficient 
water  of  the  normal  temperature  to 
completely  cover  the  eggs.  This  vessel 
is  then  placed  over  a  fire  or  over  the 
flame  of  a  lamp  or  gas  jet,  or  is  other- 
wise heated,  and  the  temperature  of 
the  water  is  thereby  raised  until  the 
mercury  of  the  thermometer  rises  to 
At  this  temperature  a  portion  of  the  albumen  of 
be  limpid ;  when  the  mercury  rises  to  No.  2  division 
there  will  be  less  limpidity  in  the  albumen ;  and  finally,  by  the  time 
the  mercury  reaches  No.  3  division,  the  albumen  of  the  egg  will 
be  coagulated,  and  the  eggs  should  be  removed  from  the  water, 
as  any  excess  of  temperature  will  render  it  hard.  The  division  No. 
2  indicates  the  point  at  which  the  eggs  will  be  soft  inside ;  but  it 
is  never  necessary  to  exceed  the  temperature  indicated  by  the  division 
No.  3.  The  system  of  boiling  eggs  by  plunging  them  into  boiling 
water  is  defective,  inasmuch  as  an  egg  absorbs  caloric  layer  by  layer, 
that  is  to  say,  that  the  portion  of  the  albumen  which  is  next  to  the 
shell  coagidates  and  hardens,  and  forms  a  covering  which  is  a  bad 
conductor  of  heat.  The  next  layer,  which  receives  a  less  degree  of 
heat,  remains  in  a  liquid  or  semi-fluid  state.  The  heat  thus  acts  con- 
secutively on  the  successive  layers,  and  this  action  being  impeded  more 
or  less  by  the  preceding  layers,  the  interior  of  the  egg  will  not  be 
cooked  uniformly.  By  this  improved  system  of  apparatus  for  cooking 
eggs,  the  heat  will  be  transmitted  uniformly  through  the  eggs.  The 
apparatus  may  be  modified  in  various  ways. 


CASKS  FOR  WINES,  SPIRITS,  BEER,  AND  OTHER  LIQUIDS. 

War.  Rowland  Taylor. — Patent  dated  August  6,  18G4. 

Tins  invention  has  reference  to  various  improvements  in  casks  for  wine, 
spirits,  beer,  and  other  liquids,  and  in  the  shives  or  bungs  of  such 
casks ;  and  in  implements  to  be  used  for  the  insertion  or  removal  of  the 
corks,  pegs,  shives,  or  bungs  in  or  from  their  holes  in  such  casks.  The 
chief  object  of  such  improvements  in  casks  is  the  keeping  of  the  casks 
air-tight,  and  thereby  preserving  them  sweet,  and  preventing  the  for- 
mation of  fungus. 

It  is  proposed  to  employ  distinct  pegholes,  either  of  wood  or  metal. 
When  formed  of  metal,  the  pegholes  may  be  let  into  the  stave,  and 
screwed  therein,  without  passing  through  the  entire  thickness  of  the 
wood.  If  formed  of  wood,  the  peghole  may,  if  thought  desirable,  pass 
completely  through  it.  The  object  of  having  a  distinct  peghole  is, 
that  the  peg  can  be  always  inserted  therein,  instead  of  having  the  stave 
perforated  at  different  places,  as  is  usually  the  case,  whereby  the  stave 
of  the  cask  is  much  weakened.  It  is  also  proposed  to  form  conical  peg- 
holes,  both  when  a  movable  piece  of  metal  or  wood  is  employed  to 


form  the  hole,  and  when  the  hole  is  sjmply  bored  in  the  stave,  the 
internal  portion  of  such  peghole  being  narrower  than  the  external 
portion ;  also  pegholes  which  are  narrowest  in  the  middle,  from  which 
part  they  are  conical,  both  outwards  and  inwards.  When  no  movable 
metal  or  wooden  peghole  is  used,  the  exterior  of  the  stave  is  made  so 
as  to  show  the  exact  position  of  the  hole.  An  internal  valve,  actuated 
by  a  metal  spring,  is  employed  for  the  purpose  of  closing  internally  the 
pegholes  and  tapholes  of  casks.  The  object  of  applying  such  a  valve 
to  the  peghole  is  to  allow  the  atmospheric  pressure  to  act  of  itself,  so 
that  the  external  air  enters  the  cask,  when  the  liquid  is  withdrawn,  to 
the  extent  of  the  liquid  removed.  When  the  cask  is  empty  the  valve 
prevents  the  entry  of  the  atmosphere,  which  always  acts  to  deteriorate 
an  empty  cask.  When  the  tap  is  pushed  into  its  place  it  thrusts  the 
valve  back,  and  when  the  tap  is  withdrawn  the  valve  at  once  closes 
over  the  aperture.  When  such  valve  is  applied  to  the  taphole,  the 
chief  object  is  to  keep  the  cask  air-tight  after  the  tap  has  been  removed. 
It  is  preferred  to  use  a  metal  shivehole,  fastened  to  the  cask  by  rivets 
or  screws,  and  having  at  one  side  a  distinct  metal  peghole,  which  being 
passed  through  the  stave,  and  being  fastened  into  its  place  by  means  of 
an  internal  nut  or  otherwise,  helps  to  secure  the  metal  shivehole  in  its 
place.  It  is  proposed  to  employ  shives  or  bungs,  having  therein  a 
distinct  peghole  of  metal  or  wood,  to  contain  a  cork  or  peg  which  may 
be  displaced  by  the  pressure  of  the  ordinary  loose  peg,  which  will  then 
fill  the  hole.  And,  with  a  view  to  prevent  fraud,  the  shive  or  bung  is 
covered  with  a  canvas  or  paper  label ;  such  shive  or  bung  being  pierced 
with  a  peghole,  and  filled  with  a  cork  or  peg,  which  can  only  be 
removed  by  breaking  a  hole  through  the  canvas  or  paper  label.  It  will 
thus  be  seen  when  the  cask  has  been  tampered  with.  An  improved 
implement  is  also  employed  for  the  purpose  of  introducing  pegs  into 
pegholes  on  or  from  the  inner  side  of  the  cask.  This  implement  is  of 
metal,  and  is  inserted  through  the  shive  or  bung  hole,  and  has  the  form 
of  a  lever,  one  end  of  which  carries  the  peg  to  be  introduced,  whilst 
the  other  end  is  acted  on  by 

the  hand ;  the  middle  of  the  FiS-  !■ 

lever,  carrying  a  projection, 
acting  as  a  fulcrum  resting 
upon  the  exterior  of  the  cask. 
An  improved  implement  for 
the  purpose  of  withdrawing 
shives  or  bungs  is  also  used. 
This  implement  consists  of  an 
iron  screw  with  an  open 
handle  at  its  upper  end.  This  is  screwed  into  the  shive,  and  when  it 
has  taken  firm  hold,  one  end  of  a  lever  bar  is  inserted  in  the  open 
handle,  whilst  the  other  end  of  the  bar  is  acted  on  by  the  hand,  the 
fulcrum  resting  on  the  cask. 

The  bar  may  carry  a  couple  of  Fig.  2. 

pins,  one  of  which  may  be 
made  to  play  on  its  axis,  whilst 
the  other  is  fixed.  By  placing 
the  shive  on  these  pins,  it  may 
be  easily  held  whilst  the  screw 
above  referred  to  is  screwed 
out  of  it.  This  contrivance 
obviates  the  use  of  a  vice. 

Fig.  1  represents  a  sectional  elevation  of  a  distinct  peghole,  a, 
inserted  in  the  bung  stave,  b,  of  a  cask,  such  peghole  being  composed 
of  metal,  wood,  porcelain,  bone,  or  other  suitable  material.  It  is 
screwed  into  the  bung 
stave  of  the  cask,  the 
shape  of  the  peghole 
being  either  slightly 
tapered  or  of  equal 
diameter  throughout. 
In  lieu  of  screwing  in 
such  peghole,  it  may 
be  secured  to  the  stave 
by  means  of  an  internal 
nut  screwed  on  to  a 
tubular  prolongation  of  the  peghole  piece,  which  projects  inside  the 
cask.  A  projecting  rim  or  flange  on  the  upper  part  of  the  peghole 
serves  to  assist  in  securing  the  same  when  the  internal  nut  is  tightened 
up.     Fig.  2  represents  an  internal  valve,  d,  actuated  or  kept  closed 
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by  a  metal  spring,  for  the  purpose  of  closiDg  the  peghole  from  the 
inside  of  the  cask,  whether  such  peghole  be  made  in  a  distinct  piece, 
as  shown,  or  made  in  the  bung  or  in  the  stave  itself.  This  valve  will 
open,  when  a  vacuum  is  formed  in  the  cask,  by  the  stroke  of  a  beer 

engine ;  and  where  no  engine  is 
used  the  present  common  wooden 
peg  is  placed  in  the  hole  of  the 
valve,  which,  when  pressed,  will 
allow  sufficient  air  to  enter. 
When  the  pressure  is  removed 
the  valve  will  always  close  and 
exclude  the  air.  Fig.  3  represents 
a  sectional  elevation  of  a  self- 
acting  internal  valve,  d,  which  is 
applied  to  the  taphole,  and  is  opened  by  the  pressure  of  the  end  of 
the  tap  when  inserted  and  closed  by  the  action  of  a  spring,  when  the 
tap  is  removed,  so  that  when  the  cask  is  empty  it  will  be  perfectly  air- 
tight, retaining  at  the  same  time  carbonic  acid  gas,  thereby  preventing 
decomposition  aud  the  formation  of  fungus  in  the  same.  Fig.  4  repre- 
sents an  instrument  for  inserting  pegs  in  casks  through  the  bunghole 
on  or  from  the  inner  side  of  the  cask.  This  instrument  consists  of  a 
bent  lever,/,  which  is  introduced  through  the  bunghole,  and  is  provided 
at  one  end  with  a  socket  and  support,  g,  for  carrying  the  peg  to  be 
inserted,  a  projection,  It,  formed  in  the  lever  serving  as  a  fulcrum  by 
resting  upon  the  edge  of  the  bunghole  when  the  handle  of  the  lever  is 
pressed  down  for  the  insertion  of  the  peg  in  the  peghole. 


ILLUMINATING  AND  HEATING. 

Giacomo  F.  Mahchisio,  London.  —  Patent  dated  Augxist  4,  1864. 

This  invention  relates  to  an  improved  apparatus  for  generating  inflam- 
mable air,  which  can  be  employed  for  illuminating  and  heating  purposes, 
and  supplying  the  same  to  the  burners.  It  consists  of  a  metal  case, 
which  it  is  preferred  to  have  of  a  cubical  shape.  This  case  is  divided 
into  two  compartments,  placed  in  communication  by  means  of  a  tube 
provided  with  a  valve.  The  first  compartment  is  subdivided  into  two 
divisions  : — One  of  these  divisions  contains  the  slide  valves ;  and  the 
other,  apparatus  for  giving  movement  to  the  bellows  hereinafter  men- 
tioned, and  regulating  the  entry  of  the  air.  The  other  division  contains 
a  pneumonic  apparatus  consisting  of  two  or  more  bellows  independent  of 
each  other,  all  being  in  communication  with  the  valves  above  men- 
tioned. Each  bellows  alternately  draws  in  and  expels  the  atmospheric  air, 
which  is  thus  transmitted  to  the  second  compartment  as  it  is  required. 

This  compartment  contains  an  apparatus  for  agitating  the  paraffin 
oil,  petroline,  naphtha,  benzol,  or  other 
hydrocarbon  placed  in  this  compartment,  and 
causing  it  to  be  taken  up  by,  or  combined 
with,  the  atmospheric  air  of  the  chamber. 
The  air  being  thus  impregnated  with  inflam- 
mable matter,  passes  on  through  suitable  tubes 
to  the  burner,  where  it  is  consumed.  A 
spring,  or  weights,  may  be  used  to  set  the 
apparatus  in  motion,  or  the  small  power 
required  maybe  obtained  from  the  atmosphere. 
On  lighting  one  of  the  burners,  a  current  of 
inflammable  air  is  continuously  supplied,  and 
to  repair  the  consumption  at  the  burner,  the 
required  quantity  of  atmospheric  air  enters 
the  first  compartment,  and  is  passed  into  the 
second  by  the  means  before  described. 

Fig.  1  of  the  engraving  represents  a  front 
elevation  of  one  form  of  apparatus  complete, 
with  the  lower  or  second  compartment  shown 
partly  in  section.  Fig.  2  is  a  sectional  plan  of  the  same,  taken  along 
the  line  1 — 2  in  fig.  1.  Fig.  3  is  a  sectional  plan  taken  along  the  line 
3 — 4,  showing  the  internal  arrangement  of  the  second  or  lower  com- 
partment. Fig.  4  is  a  sectional  plan  taken  through  the  cap  or  covering 
of  the  valve  in  connection  with  the  bellows.  Fig.  5  is  another  sectional 
plan  of  the  upper  or  first  compartment  taken  along  the  line  5 — 6  in 
fig.  1,  showing  the  bellows  chambers.  Fig.  6  is  a  detail  plan  of  the 
underface  of  the  valve.  A  is  the  first  compartment,  which  is  subdivided 
horizontally  into  two  divisions  or  chambers,  by  a  horizontal  partition  or 


plate,  B.  The  lower  chamber  is  provided  with  three  bellows,  c  c'  c", 
each  bellows  being  separated  from  the  other  by  the  three  radial 
partitions,  D.  These  bellows  may  be  of  a  similar  construction  to  those 
employed  in  dry  gas  meters.  In  lieu,  however,  of  the  bellows  being 
worked  by  pressure,  as  in  the  dry  gas  meter  where  they  are  employed 
as  measurers,  they  are  here  actuated  by  any  convenient  arrangement  of 
motive  power  apparatus, 
such,  for  example,  as 
clockwork  driven  either 
by  a  spring  or  weight ; 
such  clockwork  being 
attached,  or  not,  to  the 
apparatus  itself.  In  the 
engravings  the  bellows 
are  represented  as  being 
driven  from  a  spindle,  E, 
which  carries  a  driving 
pulley,  f,  at  one  end,  and 
a  bevel  wheel,  G,  at  the 
other  end.  The  bevel 
wheel,  G,  gears  into  a  cor- 
responding bevel  wheel, 
H,  fast  on  a  central  verti- 
cal spindle,  I,  which 
carries  a  horizontal  crank, 
k.  To  this  crank  are 
jointed  the  inner  ends  of 
three  connecting  rods,  L, 
the  outer  ends  of  which 
are  jointed  to  lever  arms, 
m,  fast  on  the  upper  ends 
of  the  three  vertical 
rocking  spindles,  N, which 
spindles  carry  the  levers 
which  impart  motion  to 
the  bellows,  C  c  V.  The 
central  vertical  spindle, 
i,  is  supported  by  a 
bearing  on  the  top  of  the  valve  chest,  Q,  and  has  secured  thereon 
the  rotating  valve,  P  (shown  in  detail  at  fig.  6).  This  valve  has  a 
hollow  chamber,  a,  left  in  it,  which  chamber  is  of  such  a  form  and 
dimensions,  as  to  connect  any  adjoining  two  of  the  six  ports,  1,  2, 
3,  4,  5,  C,  in  the  valve  face,  and  also  to  connect  such  two  ports 
with  the  central  port,  b.  The  solid  portions  of  the  valve  are  faced  with 
leather,  or  other  suitable  material,  or  may  be  ground  so  as  to  fit  air- 


tight on  to  the  valve  face.  Q  is  the  air  inlet  from  the  outer  atmosphere, 
through  which  all  the  bellows  are  supplied,  and  R  is  the  outlet  for  the 
air,  such  outlet  being  connected  by  a  pipe,  s,  with  the  second  or  lower 
compartment,  T,  hereinafter  more  fully  referred  to.  When  the  vertical 
spindle,  I,  rotates  in  the  direction  of  the  arrow,  fig.  2,  and  the  bellows 
are  in  the  positions  and  are  moving  in  the  direction  shown  in  fig.  5,  the 
air  will  be  drawn  into  the  bellows  chambers,  I.  n.  and  III.  ;  it  will  enter 
by  the  inlet  pipe,  Q,  pass  down  through  a  hole,  d,  in  the  horizontal 
division-plate,  b,  into  a  small  chamber,  e,  which  communicates  only 
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with  a  slot  in  a  central  tube,/,  leading  upwards  through  the  central 
port,  6,  in  the  valve  face.  This  small  chamber,  e,  and  the  slot  leading 
into  the  tube,  /,  are  contained  within  the  chamber,  v.,  of  the  bellows. 

From  the  central  port,  b,  the  air  is  drawn  through  the  ports  1  and 
2,  communicating  with  the  interior  of  the  correspondingly  numbered 
bellows  chambers,  I.  and  II.,  the  port  1  opening  direct  into  the  chamber 
I.,  and  the  port  2  into  the  chamber  n.,  through  the  intervention  of 
the  curved  passage,  g,  and  aperture,  h,  shown  by  a  dotted  circle. 
Whilst  the  air  is  thus  drawn  into  the  chambers,  I.  and  II.,  the  chambers 
IV.  and  V.  are  expelling  air  through  the  corresponding  uncovered 
ports  4  and  5,  the  port  4  communicating  by  the  curved  passage,  i,  and 
aperture,  h,  with  the  chamber  iv.,  and  the  port  5  opening  direct  into 

the  chamber  v.     The  port  6 
Fi?.  4.  of  the  chamber  VI.  is  just  open- 

ing to  allow  of  the  exit  of  the 
air  therefrom  along  the  curved 
passage,  I,  and  aperture,  m, 
and  the  port  3  which  leads 
k  direct  into  the  chamber  III.,  is 
A  just  being  brought  into  com- 
munication with  the  central  or 
air  inlet  port,  b,  by  the  onward 
motion  of  the  valve.  The 
air  which  is  forced  out  of  any 
of  the  bellows  through  the 
uncovered  ports  in  the  valve 
face  enters  the  valve  chest,  0, 
and  passes  thence  into  the 
chamber,  which  contains  the 
mechanism  for  working  the  bellows.  On  the  top  of  this  chamber 
there  is  an  elastic  diaphragm,  A',  pressed  down  by  a  spring,  b',  and  this 
diaphragm  causes  a  constant  and  equal  pressure  to  be  applied  to  the 
air  in  such  chamber,  which  passes  thence  by  the  outlet  passage,  R,  and 
pipe,  S,  into  the  lower  compartment,  T.  It  will  thus  be  seen,  that  as 
the  valve  rotates  it  brings  the  different  chambers  of  the  bellows  into 
communication  with  the  inlet  and  outlet  passages  respectively,  there 
being  consequently  a  constant  influx  and  reflux  of  air  into  the  bellows, 
and  thence  into  the  compartment,  T,  beneath.  The  pipe,  s,  from  the 
outlet,  n,  descends  to  near  the  bottom  of  the  compartment,  t,  and  is 

turned  up  as  shown,  and  pro- 
Fig.  5.  vided  with  a  valve.  U,  opening 
inwards  to  the  compartment,  so 
that  air  may  enter  freely  by 
the  valve,  but  cannot  escape 
back  through  the  same.  This 
compartment  contains  any 
highly  volatile  hydrocarbon, 
such  as  paraffin  oil,  petroline, 
naphtha,  or  benzol ;  and  this 
liquid  is  kept  agitated  by  the 
aid  of  a  series  of  curved  rotating 
vanes,  w,  which  are  acted  upon 
and  caused  to  rotate  in  the 
liquid,  by  the  action  of  the 
current  of  air  as  it  passes 
across  the  compartment  from 
the  valve,  u,  to  the  outlet  pipe,  x,  leading  to  the  burners.  The 
vapour  of  the  hydrocarbon  is  taken  up  by,  or  combines  with  the  air 
as  it  passes  through  the  compartment,  and  thereby  renders  such  air 
inflammable,  and  capable  of  giving  light  and  heat  by  the  employment 
of  suitable  gas-burners.  In  order  to  facilitate  the  taking  up  of  the 
volatile  portion  of  the  hydrocarbon  by  the  air,  the  latter  is  caused  to 
permeate  any  fibrous  material  such  as  cotton,  which 
is  applied  in  the  form  of  a  loose  yarn  wound  over 
open  frames,  such  frames  forming  the  curved  arms 
of  the  revolving  agitator.  Other  frames,  Y,  z,  simi- 
larly covered  with  cotton  yarn,  are  fixed  inside  the 
compartment,  T,  so  as  to  separate  the  inlet  and 
outlet  pipes  from  the  central  portion  wherein  works 
the  agitator.  The  object  ot  these  fixed  frames  is  to  insure  the  more 
thorough  impregnation  of  the  air  with  hydrocarbon  vapour,  by  com- 
pelling it  to  permeate  the  fibrous  material  which  is  kept  saturated  with 
the  hydrocarbon  by  capillary  attraction,  whilst  at  the  same  time,  the 


frame,  y,  serves  to  prevent  the  entrance  of  dust  with  the  air  into 
the  central  portion  of  the  compartment,  and  thereby  clogging  the  axis 
of  the  agitator,  and  interfering  with  its  rotation.  The  modification  of 
the  valve  hereinbefore  referred  to,  consists  in  causing  the  ports  to  open 
into  the  interior  of  a  central  chamber  which  may  be  made  slightly 
conical,  and  into  which  fits,  like  the  plug  of  a  cock,  the  valve,  n.  This 
valve  or  plug  is  formed  so  as  to  connect  any  adjoining  two  of  the  ports 
with  the  central  port,  b,  whilst  the  two  opposite  ports  are  left  open  to 
the  interior  of  the  valve  chest,  and  the  ports  on  diametrically  opposite 
sides  of  the  central  chamber  are  closed,  or  partly  closed.  This  arrange- 
ment of  valve  will  be  found  preferable  in  practice,  as  there  is  less  ten- 
dency for  the  valve  to  get  displaced  on  its  seat. 


ADHESIVE    MIXTURE. 
James  Allan,  Dundee.— Patent  dated  August  22,  18G4. 

This  invention  relates  to  a  certain  adhesive  mixture  used  for  the  pur- 
pose of  fixing  leather,  gutta-percha,  india-rubber,  or  any  other  like 
material,  on  the  surface  of  cast  iron,  wrought  iron,  brass,  or  any  other 
metal,  and  consists  of  a  combination  of  common  glue,  ammoniacum,  and 
nitric  acid,  or  any  other  gum  or  acid  of  similar  power  and  strength.  The 
two  first-named  ingredients  are  placed  in  a  suitable  vessel  and  properly 
dissolved  by  fire  or  steam  heat,  and  when  commingled  by  a  hand  stirrer, 
or  suitable  machinery,  the  third  ingredient  is  added.  This  mixture  is 
chiefly  intended  to  be  used  for  the  purpose  of  fixing  leather  on  the 
outer  surfaces  of  the  rollers  used  in  the  preparing  machinery  of  jute, 
wool,  flax,  cotton,  and  other  similar  materials.  The  chief  advantage 
resulting  from  this  invention  is,  that  a  mixture  is  obtained  the  adhesive 
principle  of  which  is  of  a  much  superior  quality  to  any  hitherto  em- 
ployed, and  that  although  the  metals  be  covered  with  oil  it  does  not 
affect  its  adhesive  powers. 

The  mixture  may  either  be  in  the  liquid  or  solid  state,  and  it  can  be 
applied  with  a  brush  or  in  any  way  that  common  glue  is  applied. 

The  proportions  of  such  ingredients  which  it  is  preferred  to  employ 
are  112  pounds  of  common  glue,  7  pounds  of  nitric  acid,  to  7  pounds 
of  ammoniacum,  although  other  proportions  may  in  many  instances  be 
advantageously  employed. 


EEVIEWS    OF    NEW    BOOKS. 


The  Life  of  Robert  Stephenson,  F.R.S.,  &c,  &c.  By  J.  0. 
Jeaffreson.  With  Descriptive  Chapters  on  some  of  his  most  im- 
portant professional  works,  by  William  Pole.  2  vols.  8vo.  London : 
Longman.     1864. 

THIRD    NOTICE. 

There  have  been  three  marked  epochs  or  stages  of  advance  in  the 
locomotive  engine.  The  first  was  the  ascertainment  of  the  sufficient 
adhesion  of  smooth  rimmed  wheels,  and  the  abandonment  of  cogged 
rails.     This,  we  have  already  seen,  was  due  to  Hedley,  prior  to  1812. 

The  second  (though,  in  point  of  time,  the  first)  was  the  recognition 
and  establishment  of  the  steam  draught.  This  was  due  to  Trevithick, 
in  1804-5,  but  had  its  full  development  for  the  first  time  at  the  locomo- 
tive engine  competition  in  October,  1829,  to  which  we  shall  again  refer. 

The  third  great  advance  was  the  design  for  the  construction  of  an 
efficient  tubular  boiler,  by  which  the  heat-receptive  surface  could  be 
increased  prodigiously.  Let  us  now  briefly  trace  the  steps  through 
which  this  was  reached. 

As  early  as  1816,  if  not  before,  steam  carriages  for  common  roads 
had  become  an  object  of  practical  interest  with  mechanicians.  The 
assumed  indispensable  necessity  of  combining  lightness  as  a  whole  with 
great  steam-producing  power  in  the  boiler  early  led  to  numerous  devices 
for  tubular  boilers,  many  of  which  date  long  before  the  above  period. 

Most  of  the  plans  proposed  were  for  tubular  boilers,  however,  in 
which  the  water  was  contained  in  the  tubes,  and  the  flame  or  fire  circu- 
lated outside  or  between  these.  Such  were  the  boilers  of  Griffiths,  and 
Bramah  &  Sons,  of  1821  ;  those  of  Gordon  &  Brunton,  of  1824;  of 
Seawards,  Hill,  &  Burstall,  of  1825;  as  well  as  those  of  the  Messrs. 
James,  of  about  the  same  period ;  as  also  of  Gurney,  Ogle,  Hancock,  and 
others,  of  about  1829,  the  epoch  at  which  our  review  has  now  arrived. 

The  common  road  locomotive  of  the  latter  inventors  had  already 
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realized  from  12  to  very  nearly  an  occasional  20  miles  per  hour  on 
ordinary  highways. 

The  water-tube  boilers  were  all  more  or  less  liable  to  three  objections 
— the  tubes,  curved  and  bent  as  they  were  always,  were  liable  to  burst ; 
thev  got  rapidly  furred  with  deposit,  which  could  not  be  removed  ;  and 
they  opposed  serious  obstacles  to  the  free  circulation  of  the  heated 
water  in  the  boiler,  which  was  not  only  dangerous,  but  obstructive  of 
the  rapid  production  of  steam.  This  was  actually  the  issue  of  two 
engines  with  such  tubes,  sent  out  in  1828  by  the  Stephensons  to  the  St. 
Etienne  Railway  of  Frauee. 

Two  early  examples,  at  least,  occur  of  the  reverse  form  of  tubular 
boiler — viz.,  that  in  which  the  fire  circulates  through  the  tubes,  while  the 
water  occupies  the  spaces  between  them — at  dates  long  anterior  to  the 
year  1829.  Stevens,  an  American  engineer,  well-known  as  the  con- 
temporary and  rival  of  Fulton,  produced  such  a  tubular  boiler  prior  to 
1807.  M.  Seguin,  in  France,  patented  a  similar  arrangement  about 
the  year  1820. 

It  is  amazing  that  the  Stephensons,  intent  as  they  were  upon 
devising  means  for  increasing  the  supply  of  steam  to  the  locomotive 
boiler,  and  clearly  enough  seeing  that  the  two  conditions  demanding  to 
be  fulfilled  were — a  draught  to  burn  the  fuel  rapidly,  and  therefore  at 
a  high  temperature,  and  along  with  this  a  large  exposure  of  surface, 
so  as  to  get  the  heat,  when  evolved,  passed  into  the  water — never  came 
to  hit  upon  the  pretty  obvious  fact  that,  if  they  split  up  one  of  their 
big  circular  flues  into  a  great  number  of  small  ones,  the  surfaces  must 
be  greatly  increased  for  equal  length,  the  total  area  remaining  the  same. 

This,  however,  it  is  undeniable,  and,  indeed,  is  so  confessed  by  Mr. 
Jeaffreson  (p.  126),  was  first  grasped  by  Mr.  Booth,  the  treasurer  of  the 
Liverpool  and  Manchester  Railway,  who,  very  early  in  1829,  sent  a 
design  for  the  multitubular  boiler,  with  horizontal  tubes  leading  from  a 
fire-box  to  a  smoke-box  and  funnel,  to  George  Stephenson,  who  at  once 
appears  to  have  forwarded  it  to  his  son  at  Newcastle,  with  instructions 
to  act  upon  it  in  the  boiler  then  preparing  for  the  competition  at  Liver- 
pool in  October.  Thus  the  third  and  last  great  stage  of  improvement 
of  the  locomotive,  like  the  two  preceding  ones,  was  not  due  to  either  of 
the  Stephensons,  though  at  once  presented  to  Ihem  by  Mr.  Booth,  and 
as  directly  adopted  by  them.  It  is  not  our  province  here  to  decide  upon 
the  debatable  question  whether  Mr.  Booth  was,  or  was  not,  himself  the 
first  inventor  of  this  tubular  boiler.  He  appears  to  have  been  at  least 
the  first  promulgator  of  the  design  in  England.  What  concerns  us  at 
present  is,  that  the  Stephensons  were  not  the  inventors. 

We  have  now  arrived  at  the  epoch  of  the  celebrated  Rainhill 
competition,  and  with,  we  hope,  rather  clearer  ideas  of  the  state  of 
mechanical  knowledge  in  this  department  possessed  anterior  to  it  than 
is  to  be  derived  from  either  of  the  biographies,  which  profess  specially 
to  narrate  its  antecedents,  history,  and  actors  engaged.  We  shall  not 
reconnt  the  old  story  over  again,  but  merely  briefly  refer  to  one  or  two 
points  connected  with  it,  and  to  the  reflections  they  suggest. 

The  conditions  for  the  contest  were  promulgated  in  print  in 
April,  1829.  The  judges,  Mr.  Rastrick,  Mr.  Wood,  and  Mr. 
Kennedy,  appear  to  have  been  appointed  just  before  the  time  of  trial. 
Four  engines  (omitting  Mr.  Brandreth's  horse-machine,  as  not  a 
steam  engine)  came  to  the  ground : — The  Rocket  (R.  Stephenson), 
weighing  4  tons,  5  cwt. ;  the  Novelty  (Braithwaite  &  Ericsson), 
weighing  3  tons,  1  cwt.  ;  the  Sans  Pared  (Mr.  Hackworth),  weighing 
4  tons,  15  cwt.,  2  qrs. ;  the  Perseverance  (Mr.  Burstall),  weighing  2 
tons,  17  cwt.  The  last  was  early  withdrawn.  Great  doubt  seems  to 
exist  as  to  what  was  the  true  weight  of  the  Sans  Pared.  Mr.  Jeaffreson 
gives  4  tons,  8  cwt.,  2  qrs.  Mr.  Wood  ("  Practical  Treatise  on  Rail- 
ways"), and  R.  Stephenson  and  Locke,  in  their  own  account  of  the 
contest,  at  the  end  of  their  "  Reply  to  the  Report  of  Mr,  Walker,  &c. 
Liverpool.  February,  1830,"  give  the  weight  as  4  tons,  15  cwt.,  2  qrs. 
It  is  stated  in  the  reports  given  at  the  time  of  the  trial  (see  Mechanics' 
Magazine,  vol.  xii.),  that  Mr.  Hackworth  objected  to  the  weight  as 
ascertained  by  the  weighbridge  at  Rainhill,  and  affirmed  that  that 
machine  was  incorrect,  and  that  his  engine  was  not  heavier  than  the 
Rocket.  Some  countenance  is  possibly  given  to  there  having  at  least 
rested  more  or  less  doubt  as  to  the  weight,  in  the  fact  that  after  this 
alleged  excess  of  weight  for  a  four-wheeled  engine  had  been  thus  declared, 
the  judges  [till  determined  to  let  the  Sans  Pareil  compete.  It  is  curious 
to  note  the  inaccuracies  upon  points,  apparently  the  most  obvious,  that 
creep  into  this  and  all  histories.  What,  for  example,  was  really  the 
name  of  the  constructor  of  the  Sans  Pareil  ?    Wood,  R.  Stephenson, 


Locke,  Jeaffreson,  and  Booth,  all  make  it  Hackworth ;  yet  the  news- 
papers and  scientific  journals  of  the  time  nearly  all  make  it  Ackworth. 
"  Timothy  Hackworth,  of  Darlington,"  was,  we  believe,  the  maker's 
name  and  address. 

Of  the  Novelty  we  need  say  no  more  here  than  that  it  showed  great 
ingenuity  in  arrangement,  much  that  justified  its  name,  played  a  reput- 
able part,  and  proved  that,  if  its  parts  would  stand  together,  it  was 
capable  of  a  speed  above,  and  probably  far  greater  than,  any  of  the 
others.  The  makers  had  laboured  under  immense  disadvantages  of 
position.  Made  in  London,  it  could  not  be  tried  upon  rails  until  it 
was  brought  to  Rainhill,  and  was  in  presence  of  the  enemy,  so  to  say. 
One  of  its  disablements  (the  bursting  of  the  feed-pipe,  by  the  stop- 
cock in  it  having  been  in  some  unaccountable  way  shut  while  the  pump 
was  at  work)  was  either  purely  accidental,  or,  as  bruited  improbably 
at  the  time,  malicious. 

The  contest,  if  contest  there  was  at  all  under  conditions  so  diverse, 
was  really  between  Hackworth  and  the  Stephensons.  The  following 
were  the  principal  dimensions  of  their  respective  engines : — 


Rocket,  

Sans  Pareil,. 


HEATING  SURFACE.  CYLINDERS  AXD  STROKE. 

Fire-box.  Flues  or  Tubes.  Diam.  Stroke. 

20      sq.ft.  ...   117-8  sq.ft.     ...     8  in.   ...   16'5  in. 


lo-7 


74-6 
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The  greatest  velocity  attained  by  the  Rocket  was  stated  (Wood)  to 
be  29^  miles  per  hour,  and  the  evaporating  power  of  the  boiler  to  be 
18'24  cubic  feet  of  water  per  hour,  with  a  consumption  of  1L7  lbs.  of 
coke  per  cubic  foot. 

The  greatest  velocity  attained  by  the  Sans  Pareil  was  given  at  22| 
miles  per  hour.  The  evaporating  power  was  24  cubic  feet  per  hour, 
and  the  consumption  of  coke  was  stated  (Wood)  at  the  large  amount  of 
28'8  lbs.  per  cubic  foot. 

A  very  large  proportion  of  this  coke,  however,  was  simply  shot  up 
by  the  excessive  strength  of  the  steam  draught,  and  discharged  red-hot 
and  unburnt  from  the  top  of  the  funnel.  If  the  most  trustworthy 
accounts  we  have  of  the  competition,  viz.,  R.  Stephenson  and  Locke's, 
Mr,  Wood's,  and  Mr.  Booth's,  be  collated,  it  will  be  obvious  that  when 
the  Rocket  came  upon  the  ground  at  first,  and  began  exercising  to  show 
herself  upon  the  rails,  as  the  local  papers  phrased  it,  the  steam  draught 
was  very  inefficient,  and  below  the  force  it  ought  to  have  had ;  while 
that  of  the  Sans  Pareil  was  excessive  in  its  force,  and  drove  the  live 
coke  through  the  funnel.  No  attempt  seems  to  have  been  made  to 
alter  this  during  the  several  days  of  the  trials  on  the  part  of  Mr. 
Hackworth,  while  it  scarcely  admits  of  doubt  that  during  the  trials, 
and  previous  to  the  award  of  the  judges,  the  two  separate  eduction 
apertures  of  Stephenson's  engine,  by  which  the  waste  steam  was  at 
first  discharged  into  the  funnel,  were  thrown  into  one  central  tuyere, 
by  which  its  draught  was  greatly  improved.  In  a  former  Part  of  this 
Journal  the  facts  of  how  this  was  done  by  the"  late  Mr.  Dewrance,  at 
the  desire  of  George  Stephenson,  have  been  recorded  by  a  writer  who 
had  the  facts  from  Mr.  Dewrance's  own  lips ;  and  if  any  corroboration 
were  wanting,  it  will  be  found  that  Mr.  Wood  states,  first,  as  to  Hack- 
worth's  engine,  "  He  had  resorted  to  the  use  of  the  steam  draught  in  a 
more  forcible  manner  than  before  used,  throwing  it  up  as  a  jet.  This 
being  carried  too  far,  partly  in  consequence  of  the  rapid  speed  at  which 
the  engine  was  made  to  travel,  increased  the  destruction  of  fuel,  and 
which,  though  operating  fatally  as  regards  that  particular  experiment 
(i.e.,  the  contest)  was  capable  of  easy  remedy"  (p.  509,  3rd  edition). 
"  In  the  Rocket  engine,"  Mr.  Wood  continues,  "  this  mode  of  increasing 
the  draught  of  the  chimney  was  but  partially  used  :  the  steam  was  made 
to  pass  into  the  chimney  by  two  pipes,  and  the  size  of  the  aperture  was 
not  sufficiently  small  to  cause  the  steam  to  pass  into  the  chimney  with 
adequate  force"  (p.  511).  And,  finally,  we  have  it  admitted,  though 
unfortunately  without  giving  any  precise  date  for  the  change,  that  "Mr. 
Stephenson  also  improved  the  working  of  the  Rocket;  and,  by  applying 
the  steam  more  powerfully  in  the  chimney  to  increase  the  draught,  was 
enabled  to  raise  a  much  greater  quantity  of  steam  than  before  "  (p.  117). 

Thus,  if  R.  Stephenson  and  Locke's  account  of  the  events  of  the 
contest  (pp.  68  to  79)  be  collated  with  Mr.  Wood's  and  Mr.  Booth's, 
and  with  the  late  Mr.  Dewrance's  statements,  there  can  be  very  little 
doubt,  we  think,  that  this  alteration  of  the  blast-pipes  in  the  Rocket 
was  made  by  Dewrance  during  the  night  intervening  between  the  7th 
and  8th  of  October,  1829. 

To  that  alteration  was  certainly  due  much  of  the  advantage  subse- 
quently obtained  by  the  Rocket  over  its  competitor. 
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It  seems  to  have  been  a  grave  departure  from  the  rigidly  enforced 
conditions  essential  to  a  fair  competition  that  any  one  of  the  competitors 
should  have  been  permitted  to  make  any  improvement  during  the 
contest,  even  although  apparently  not  suggested  by  the  construction  of 
his  rival.  This,  however,  was  not  the  only  looseness  that  characterized 
the  regulation  of  the  proceedings.  The  conditions  for  the  competition 
had  been  printed  and  published  in  April,  as  we  have  seen.  The  com- 
peting engines  were  on  the  ground,  and  exhibited  to  all  and  to  each 
other,  on  the  Gth  October ;  yet  on  the  afternoon  of  that  day  the  judges 
threw  overboard  the  whole  programme,  and  on  the  next  day,  the  7th, 
issued  a  new  printed  set  of  conditions,  which,  however,  was  dated  as 
of  the  6th  October.  The  issue  of  these  new  conditions,  though 
exceedingly  irregular,  did  not,  so  far  as  can  now  be  judged,  give  any 
undue  advantage  to  either  of  the  competitors. 

The  Sans  Pareil  met  with  two  accidents,  the  first  to  her  boiler,  to 
some  trifling  extent,  upon  the  6th  or  7th,  which  was  repaired;  and 
again  upon  the  13th,  "  in  returning  westward  in  the  eighth  trip,  the  cold 
water  pump  got  wrong,  and,  from  want  of  a  supply  of  water  in  the 
boiler,  the  leaden  plug  was  melted,  and  the  water  and  steam  rushed 
into  the  chimney,  and  put  an  end  to  the  experiment"  (R.  Stephenson 
and  Locke,  p.  77).  The  Novelty  having  been  on  this  day  withdrawn, 
Hackworth,  on  the  14th,  requested  that  he  might  be  allowed  another 
trial.  The  judges  refused,  on  the  ground  that  his  engine  was  not 
only  above  weight — a  condition  that  had  been  already  waived  in  his 
favour —  but  that  it  was  on  such  a  construction  as  they  could  not 
recommend  to  the  directors  of  the  company  (R.  Stephenson  and 
Locke,  p.  78). 

The  course,  these  authors  continue,  was  thus  left  clear  for  the 
Rocket,  which,  after  having  gone  through  the  ordeal,  and  fulfilled  every 
stipulated  condition,  was  pronounced  by  all  to  be  fully  entitled  to  the 
prize  ;  and  to  show  that  it  had  been  working  quite  within  its  powers, 
Mr.  Stephenson  ordered  it  to  be  brought  upon  the  ground,  and  detached 
from  all  incumbrance,  and  in  making  two  trips  it  moved  at  the  astonish- 
ing rate  0/35  miles  per  hour  (p.  79). 

Accordingly,  says  Mr.  Booth,  in  his  "  Historical  Account  of  the 
Liverpool  and  Manchester  Railway,"  published  without  date  at  Liver- 
pool (in  the  year  1830),  "  The  report  of  the  judges  corresponded  with 
the  above  statement,  and  the  directors  accordingly  awarded  the  premium 
(of  £500)  to  the  writer  of  this  account  and  the  Messrs.  Stephensons,  to 
whose  excellent  construction  of  the  machinery  I  was  much  indebted  for 
the  favotirab'e  award  of  the  umpires." 

Under  the  loose  conditions  of  the  competition,  we  scarcely  think  any 
other  course  was  open  to  the  judges ;  and,  further,  having  regard  to 
what  the  tubular  boiler  now  obviously  promised,  this  award  was  itself 
a  substantially  just  and  wise  one.  Nevertheless,  it  seems  to  us  that 
there  were  ungraceful  elements  in  the  circumstances  under  which  it 
was  decided ;  and  these  were  so  much  felt  at  the  time  by  disinterested 
persons  as  to  have  given  rise  to  a  good  deal  of  acrimonious  controversy. 
Passing  this  by  now,  as  useless  to  revive,  let  us  for  a  moment  consider 
what  were  the  actual  merits  of  the  Stephensons  in  what  had  been 
achieved.  The  steam  blast  and  the  tubular  boiler  were  the  essential 
elements  of  the  success.  The  steam  blast  was  the  invention  of 
Trevithick,  and,  in  the  Rocket,  had  been  so  improperly  applied  by  two 
pipes  at  first  that  the  furtive  copying  of  the  Sans  Pareil's  blast  was  the 
means  of  improving  the  maximum  speed  of  the  Rocket  from  24  miles 
an  hour  on  the  7  th  October  (Jeaffreson,  p.  149)  to  35  miles  an  hour  on 
tho  14th  (R.  Stephenson  and  Locke,  p.  79). 

The  tubular  boiler  was  communicated  to  the  Stephensons  by  Mr. 
Booth,  who,  in  his  own  words,  seems  to  limit  their  part  "  to  the  excel- 
lent construction  of  the  machinery,  to  which  he  was  much  indebted," 
&c.  Constructionally,  the  Rocket  must  have  been  "  the  best  job  "  of 
any  of  the  engines  shown,  for  it  was  the  only  one  that  had  no  "  breaks 
down."  One  part  of  the  construction,  namely,  the  securing  in  the 
tubes  by  ferules,  the  method  still  in  use — whether  individually  due  to 
R.  Stephenson,  or  to  Mr.  Hutchinson,  "the  oracle"  of  the  Newcastle 
Factory,  according  to  Mr.  Jeaffreson — will  always  continue  to  reflect 
credit  on  the  practical  skill  existing  in  that  establishment  at  that  early 
period. 

It  has  been  frequently  said  of  George  Stephenson  that  he  purposely 
concealed  from  the  public  his  own  consciousness  of  the  vast  speed 
which  was  about  to  be  achieved  by  the  engines  at  the  Rainhill  trial ; 
and  that  ho  merely  predicted  a  speed  of  1*2  or  15  miles  an  hour  on 
grounds  of  policy,  and  to  prevent  his  ignorant  hearers  from  supposing 


him  a  madman,  as  they  would  have  done  had  he  told  them  the  Rocket 
was  going  to  run  upwards  of  30  miles  an  hour. 

This  is,  however,  simple  nonsense.  Neither  the  Stephensons  nor 
any  one  else  had,  at  that  date,  the  slightest  clear  notion  of  the  speed 
that  might  be  obtained.  Whatever  notion  did  exist  was  based  on 
the  old  Killingworth  and  Stockton  models,  and  vibrated  about  10  to  15 
miles  per  hour  with  a  load,  although  it  seems  possible  that  Trevithick 
indeed  had  long  before  this  obscurely  realized  the  great  fact  that  the 
speed  of  the  locomotive  was  simply  a  question  of  steam. 

This  conclusion  is  left  recorded  beyond  dispute  by  Mr.  Wood.  "  The 
effect  of  these  experiments,"  he  says,  "  was,  that  the  railway  company 
were  enabled  to  commence  operations  at  a  rate  of  speed  very  much 
beyond  what  could  have  been  contemplated  by  the  most  sanguine 
friends  of  this  kind  of  motive  power"  (p.  332,  3rd  edition). 

In  fact,  in  R.  Stephenson  and  Locke's  reply  to  Walker's  report, 
written  no  doubt  before  the  Rainhill  competition,  but  not  published 
until  the  February  succeeding,  they  say,  "  On  a  level  railway,  a 
locomotive  engine  weighing  four  or  five  tons  will  convey  twenty  tons  of 
goods,  exclusive  of  carriages,  at  the  rate  of  twelve  miles  per  hour." 

Thus  the  result  actually  obtained  in  the  Rainhill  trial  took  all  the 
world  by  surprise,  as  well  as  the  parties  themselves  chiefly  interested. 
It  was  like  a  new  revelation,  or  a  new  power  bestowed  upon  man.  It 
was  now  proved  possible  to  travel  at  35  miles  per  hour,  and  by  means 
which,  to  those  who  now  for  the  first  time  began  to  grasp  their  principles 
fully  and  firmly,  showed  that  this  was  far  from  being  the  final  limit  of 
speed. 

To  their  own  almost  inevitable  personal  identification,  by  the  public 
generally,  of  the  Stephensons  as  being  the  supposed  originators,  or  even 
sole  inventors  and  discoverers,  of  this  most  magical  and  marvellous 
power,  and  to  the  energy  and  skill  with  which  Robert  Stephenson 
improved  the  position,  is  due  much  of  the  success  that  now  followed 
fast  upon  both  father  and  son.  Robert  Stephenson,  says  Mr.  Jeaffreson, 
went  home  from  Liverpool  triumphant.  "  Henceforth  there  was  no 
fear  for  the  locomotive  ;  its  speedy  and  universal  adoption  had  been 
secured.  Not  less  certain  was  it  that  R.  Stephenson  &  Co.  would  for 
many  years  be  the  first  locomotive  manufacturers  in  the  world." 

No  question  of  it.  They  were  masters  of  the  situation :  George, 
engineer  of  the  first  long  line  of  railway  for  general  traffic  that  had  ever 
been  made — Robert,  concerned  with,  or  offered,  that  post  in  several 
others  projected  ;  and  both,  the  reputed  originators  of  a  machine  which 
had  conferred  upon  mankind  the  power  of  compressing  time  and  space, 
yea,  the  world  itself  into  one-third  of  its  dimensions.  Yet,  able  men 
as  both  were,  how  little  of  this  splendid  position  was  due  to  any  remark- 
able display  of  individual  capability,  or  original  discovery  or  invention, 
on  the  part  of  either. 

The  position,  its  antecedents,  the  splendid  career  of  success  that 
followed  it,  present  a  curious  realization  of  that  combination  of  elements 
upon  which  the  fate  of  every  individual  man  depends.  "  There  is 
always,"  says  an  old  writer,  "noticeable  in  all  lives  of  mark  and  credit, 
that  it  was  not  alone  the  man  for  the  time,  but  the  time  for  the  man, 
that  made  distinction."  Never  was  this  more  intensely  realized  than 
in  the  case  of  the  Stephensons,  when  at  once  lifted  into  the  blaze  of 
fame  and  prosperity  by  the  comet-like  character  of  the  railway  avatar 
at  Rainhill.  And  that  it  was  fully  felt  by  Robert  Stephenson  himself 
at  the  time  is  obvious  enough,  when  he  told  a  South  American  acquaint- 
ance in  1830 — "  You  congratulate  me  on  my  advance  towards  fortune  ; 
but  I  can  assure  you  I  sometimes  feel  very  uneasy  about  my  position. 
My  courage  at  times  almost  fails  me  ;  and  I  fear  that  some  fine  morning 
my  reputation  may  break  under  me  like  an  egg-shell "  (Jeaffreson,  p. 
155).     The  italics  are  in  the  original. 

No  doubt  he  felt  at  this  epoch  that  the  reputation  which  had  fallen 
upon  his  father  and  himself  was  more  than  really  belonged  to  them  ; 
and  that  others  had  helped  to  build  it  up,  who  yet,  by  the  same 
"strange  vortices  in  this  world's  atoms,"  had  been  deprived  of  any 
share  in  the  result.  Robert's  career  in  the  years  that  were  now  rapidly 
coming,  amply  proved  that  the  mantle  of  fame  had  not  fallen  in  his 
case  on  unworthy  shoulders ;  yet,  never  was  more  literal  truth  spoken 
than  when  he  said,  in  after  life,  that  his  own  career  would  not  have 
been  such  as  it  was  had  it  not  been  for  what  his  father  had  done  before 
him. 

{To  be  continued.) 
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Railway  Reform  :  its  Importance  and  Practicability  con- 
sidered as  affecting  the  Nation,  tiie  Shareholders,  and 
the  Government.  By  William  Gait.  8vo.  London :  Long- 
mans &  Co.     1865. 

England,  the  earliest  and  still,  perhaps,  the  foremost  of  railway 
countries,  yet  possesses  almost  no  literature  on  what  may  be  called 
the  morale  of  the  railway  system.  The  work  before  us  is  of  this  class, 
and  one  of  pre-eminent  ability,  clearness,  and  research. 

The  author  states  that  his  treatise  was  written  for  private  circulation 
only,  early  last  year  (186-1),  and,  having  attracted  public  attention, 
has.  with  three  additional  chapters,  now  been  published  in  a  completed 
form. 

The  objects  of  the  work  may  be  stated  in  the  author's  opening 
words : — "  I  purpose  in  the  following  pages  to  discuss  the  theory  and 
practice  of  the  railway  system  as  established  in  this  country ;  to 
analyze  the  principles  on  which  it  is  founded,  and  develope  their 
results;  to  consider  how  far  its  practical  working  has  proved  advan- 
tageous to  the  shareholders  on  the  one  hand,  and  to  the  public  on  the 
other;  and  lastly,  to  examine  the  possibility  of  effecting  an  organic 
change,  by  which  the  shareholders  wonld  obtain  a  more  secure  return 
for  their  invested  capital,  and  the  public  derive  a  still  greater  benefit 
than  they  now  enjoy  from  the  existing  organization." 

The  latter  portion  of  the  paragraph  refers  to  what  is  in  fact  the 
precise  object  of  the  work — namely,  to  discuss  the  propriety  and 
advantage  with  which,  and  the  ways  and  methods  by  which,  the  Act 
of  1844,  introduced  by  Mr.  Gladstone  when  President  of  the  Board  of 
Trade  in  Sir  Robert  Peel's  administration,  might  and  ought,  in  the 
author's  opinion,  be  put  into  force. 

The  Act  of  1844,  which  has  almost  passed  out  of  public  memory, 
provided  that  after  twenty-one  years — viz.,  in  the  year  1865 — it  should 
be  competent  for  Government,  at  its  option,  to  purchase  up  or  assume 
the  management  of  all  existing  railways,  with  a  view  to  preventing, 
if  need  were,  the  evil  effects  then  supposed  likely  to  arise  from  the 
great  and  growing  monopoly  practically  possessed  by  the  railway 
companies  of  the  whole  means  of  extended  locomotion  throughout  the 
country. 

The  dimensions  to  which  the  railway  monopoly  had  grown  seemed 
formidable  to  statesmen  at  that  day,  when  the  total  receipts  of  all 
the  lines  then  open  amounted  to  about  five  millions  per  annum,  and 
when  Mr.  Gladstone  calculated  that  at  the  epoch  now  arrived  these 
receipts  might  possibly  reach  a  total  of  fifteen  millions  a-year.  The 
estimated  receipts  for  all  our  railways  for  1866  reach  the  enormous 
amount,  however,  of  thirty-six  millions  sterling.  The  subject  is 
therefore  vast  enough  to  warrant  the  most  careful  treatment  which 
the  statist  and  economist  can  give  it,  when  it  is  proposed  to  make 
any  organic  change  in  a  machine  so  complicated  and  so  great. 

Mr.  Gait  has  not  approached  it  lightly,  but  in  full  panoply  of  facts 
and  figures,  which  he  brings  into  array  with  lucidity  and  method,  and 
argues  from  them  generally  with  sound  logical  sequence. 

He  points  out,  for  example — for  from  so  vast  a  storehouse  we  can 
only  produce  a  sample,  and  we  have  not  space  for  quotation,  if  even 
that  would  not  do  injustice  to  the  work — that  whereas  the  physical 
conditions  of  railway  transit  have  reduced  the  actual  cost  of  passenger 
transport  to  less  than  one-twentieth  of  that  cost  performed  by  stage 
coach — yet  the  existing  railway  fares  average  about  one-half  of  the 
old  coach  fares ;  apart,  therefore,  from  the  increased  speed  and 
comfort  given  by  the  railway,  we  pay  a  far  larger  profit,  or  excess  of 
fare  over  cost,  than  by  the  old  modes  of  locomotion.  This  Mr.  Gait 
shows  does  not  arise  from  enormous  constructive  expenses,  the  ruinous 
cost  of  parliamentary  proceedings,  of  land,  &c,  as  very,  commonly 
said;  for  he  points  out  the  fact,  that  several  of  the  most  expensive 
lines  in  all  these  particulars  are  those  that  relatively  charge  the  lowest 
fares. 

Other  aDd  very  complex  relations  individual  to  the  lines  and  to  their 
localities,  and  mutual  to  them  in  their  relations  with  other  lines,  have 
to  be  called  in,  to  account  for  the  phenomena.  These  Mr.  Gait  care- 
fully and  fully  discusses,  and  comes  to  the  conclusion  that  these  high 
fares — which,  as  he  points  out,  are  a  national  loss  in  more  ways  than 
one — are  traceable  to  the  fact  that  every  railway  is  a  special  mono- 
poly. The  method  that  he  proposes  by  which  this  and  other  evils  of 
the  existing  system  should  be  abated,  is  to  put  the  Act  of  1844  in 
force.     He,  however,  disclaims  advocating  the  notion  that  Government 


should  assume  the  management  of  the  several  railways.  He  rightly 
says  it  is  one  thing  to  make  such  changes  as  will  enable  Government 
equitably  to  exercise  the  necessary  control,  another  that  Government 
should  manage.  A  nobleman  controls  his  household,  but  he  does 
not  manage  his  servants. 

The  work  of  Mr.  Gait  is  too  exuberant  in  matter,  too  consecutive 
in  argument,  to  admit  of  much  illustration  without  quotation  at  a  length 
we  regret  we  cannot  afford  to  it. 

We  commend  its  attentive  perusal  to  every  one  concerned  in  the 
railway  system — and  who  is  not  so?  The  proprietor,  director,  and 
manager  will  find  it  full  of  sensible  and  suggestive  hints ;  and  the 
railway  engineer  even  will  find  many  matters  in  relation  to  construc- 
tion and  working  put  before  him  in  new  and  useful  lights. 

At  this  moment,  when  the  lately  appointed  royal  commission  for 
inquiring  into  the  charges  made  by  railway  companies  is  actually 
sitting,  this  work  of  Mr.  Gait's  is  peculiarly  opportune  and  important. 


Iron  :  its  History,  Properties,  and  Processes  of  Manufacture. 
By  William  Fairbairn,  C.E.  Second  Edition.  8vo.  Edinburgh : 
Black.     1865. 

Considered  as  originally  an  article  for  the  "  Encyclopredia  Britan- 
nica,"  and  therefore  only  as  an  enlarged  sketch,  it  wonld  be  unfair  to 
treat  this  work  of  Mr.  Fairbairn's  with  the  rigid  criticism  that  should 
be  applicable  to  a  professedly  systematic  work  on  iron  metallurgy. 
That  it  has  reached  a  second  edition,  though  due,  no  doubt,  in  part 
to  the  name  and  reputation  of  the  author,  is  still  some  guarantee  that 
the  information  compiled  in  it  has  met  with  public  appreciation. 
Though  very  far  from  being  even  an  exhaustive  sketch  of  that  portion 
of  its  subject  which  refers  to  the  pure  metallurgy  of  iron,  and  of  which 
it  is  no  disparagement  to  Mr.  Fairbairn's  abilities  within  his  own  proper 
domains  of  thought  and  avocation  to  say,  that  he  cannot  be  expected 
to  be  enough  of  an  inorganic  chemist  to  have  produced  a  full  and  exact 
account,  or  even  a  thoroughly  well-selected  set  of  fragments  of  the 
vast  metallurgy  of  iron  aod  steel,  still  his  review  of  it  is  enough  for 
the  purposes  of  a  large  proportion  of  the  mechanical  and  civil  engineer- 
ing world — enough,  that  is,  in  the  existing  state  of  technical  education 
in  Great  Britain,  where  not  one  engineer  in  one  hundred  knows  any- 
thing exactly  of  chemistry,  and  where  there  are  probably  not  ten  men 
in  the  whole  profession,  and  of  all  its  grades,  that  have  ever  as  part  of 
education  worked  in  a  laboratory  for  an  hour  in  their  lives. 

One  of  the  most  valuable  portions  of  the  work  is  that  contributed  by 
Mr.  Bessemer  himself  (as  we  learn  from  the  preface),  descriptive  of 
his  steel-making  process,  now  rapidly  extending  in  every  quarter,  and 
destined,  as  Mr.  Fairbairn  truly  says,  to  revolutionize  the  malleable 
iron  and  steel  trades  of  the  world. 

We  find  here  confirmed  by  Mr.  Bessemer  himself,  what  had  been 
previously  stated  by  Hiitteningenieur  Borman,  in  his  pamphlet,  Das 
Bessemern  in  Schweden,  that  neither  spiegeleisen  nor  manganese  are 
used  in  the  Swedish  works  in  any  part  of  the  Bessemer  process,  and 
that  the  blowing  through  is  stopped,  with  habitual  facility,  precisely 
at  the  right  point  for  obtaining  either  homogeneous  iron  or  steel. 
This  is  important  as  correcting  the  error  into  which  Dr.  Percy 
appears  to  have  fallen  in  his  "  Metallurgy  of  Iron,"  that  the  Bessemer 
process  must  have  been  an  entire  failure,  had  not  the  accidental  mix- 
ture of  spiegeleisen  saved  it — such  mixture  (with  other  forms  of  iron, 
however)  having  been  the  subject  of  a  previous  patent  of  Mr.  Mushet. 
It  is  pleasant  to  find  that  Mr.  Bessemer's,  in  every  respect,  brilliant 
discovery,  from  which  he  is  deservedly  reaping  so  rich  a  profit,  can 
and  does  really  stand  alone  and  successful,  just  in  the  form  that  he 
announced  it  at  Cheltenham,  and  free  from  all  borrowed  aid. 

There  are  a  few  anachronisms  in  this  second  edition  which  should 
have  been  weeded  out;  for  example,  at  p.  35,  &c,  we  find  it  still 
stated  that  "  the  difficulties  which  the  Government  have  had  to  encoun- 
ter during  the  last  tioo  years  in  obtaining  a  sufficiently  strong  metal 
for  artillery  are  likely  to  be  removed  by  the  use  of  the  Acadian  pig- 
iion.  Large  quantities  have  been  purchased  by  the  War  Office,  and 
experiments  are  now  in  progress  (i.e.,  April,  1865,  the  date  of 
preface)  under  the  direction  of  Lieutenant-Colonel  Wilmot,  inspector 
of  artillery,  and  the  writer,  which  seem  calculated  to  establish  the 
superiority  of  this  metal  for  casting  every  description  of  heavy 
ordnance." 
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We  believe  we  state  the  facts  when  we  say  that,  within  two  years 
past,  or  within  a  considerably  longer  period,  Government  have  not 
bought  any  so-called  Acadian  pig  iron — that  no  experiments  have 
been  made  on  it — that  Colonel  Wilmot  has  not  been  engaged  in  any 
such,  his  duties  having  been  in  Canada  and  elsewhere — and  that 
"the  authorities"  a  good  while  since  discovered  that,  in  having  bought 
large  quantities  of  the  so-called  Acadian  iron,  they  had  themselves 
been  sold. 

A  good  deal  of  space  is  devoted  to  a  description  of  the  supposed 
valuable  qualities  of  some  sort  of  toughened  cast-iron  (for  shot  against 
iron  targets),  produced  to  the  late  Iron  Plate  Commission  by  Dr.  D. 
Price.  This  iron  was,  we  believe,  a  good  deal  tougher,  closer  in  grain, 
and  rather  denser,  than  that  of  common  cast-iron  shot.  It  is  unsatis- 
factory to  find,  however,  that  Mr.  Fairbairn,  although  one  of  that 
commission,  "  is  not  conversant  with  the  process  by  which  Dr.  Price 
has  arrived  at  the  results  detailed."  For  our  own  part,  if  we  may 
offer  a  conjecture,  we  fancy  that  Dr.  Price's  cast-iron  was  nothing 
more  than  good  grey  or  mottled  pig  melted  up  in  a  crucible,  either 
with  wrought-iron  (which  was  Stirling's  most  uncertain  process)  or 
with  Bessemer  crude  steel. 

We  have  not  the  slightest  faith  in  metallurgic  doctoring  of  cast-iron 
with  a  view  to  create  in  it  physical  properties  by  occult  means — the 
true  road  to  which,  viz.,  conversion,  more  or  less  complete,  into  steel, 
nature  has  herself  made  patent  to  all. 

We  observe  with  regret  that  on  the  subject  of  the  change  of  internal 
structure  in  iron,  Mr.  Fairbairn  recurs  to  the  well-worn  trash  of  "  com- 
bined effects  of  percussion,  heat,  and  magnetism,"  &c.,  and  has  advanced 
no  further  than  quoting  Mr.  Hood's  paper  read  on  this  subject  as  far 
back  as  1842,  at  the  Institution  of  Civil  Engineers.  Much  light  has 
since  been  thrown  on  the  subject,  which  is  in  fact  now  much  better 
understood,  though  the  principles  upon  which  the  explanation  of  the  facts 
depends  are  not  yet  commonly  known.  They  are  eertainly  widely 
different  from  the  wordy  obscurity  of  Mr.  Hood's  notions.  We  remark, 
also,  that  Mr.  Fairbairn  adheres  to  what  we  must  characterize  as  his  old 
error,  in  repeating,  as  deduced  from  his  own  (six  or  seven  only)  experi- 
ments, the  statement,  that  "  there  is  no  material  difference  in  the 
tensile  resistance  of  rolled  plates  of  wrought-iron  in  the  direction  in 
which  they  have  been  rolled,  and  at  right  angles  to  the  same."  The 
conclusion  we,  without  any  hesitation,  say  is  incorrect;  it  is  not  sup- 
ported by  even  Mr.  Fairbairn's  own  few  experiments,  if  one  wholly 
exceptional  to  all  the  rest  be,  as  it  should,  omitted  from  the  discussion 
of  the  results,  and  is  in  utter  discordance  with  the  fully  trustworthy 
and  precise  experiments  of  Mr.  Edwin  Clarke  and  of  M.  Navier, 
neither  of  whom  are  noticed  by  Mr.  Fairbairn,  and,  indeed,  is  in  con- 
tradiction to  every  analogy  in  the  world  of  metals. 

Chapters  X.  and  XI.  of  this  work  comprise  a  very  full  and,  for 
reference,  useful  tabulation  of  the  large  mass  of  experimental  data 
accumulated  through  now  many  years  of  labour,  and  chiefly  by  Mr. 
Fairbairn  and  the  late  Mr.  Eaton  Hodgkinson.  These  have  already 
appeared  several  times  in  various  other  places  and  forms.  We  do  not 
intend  the  slightest  condemnation  of  this  work  ;  its'execution  would  not 
justify  such  ;  but  our  sincere  respect  for  the  author,  and  for  the  really 
important  part  that  he  lias  individually  occupied  in  several  of  the  great 
advances  in  our  mechanical  arts  during  the  last  thirty  years,  cause  ns 
to  regret  that  he  should  expend  the  energies  of  these  his  matured  years 
in  producing  works  of  mere  compilation,  which,  for  many  reasons,  can 
add  nothing  to  his  justly-earned  fame  now,  and  certainly  will  not  con- 
tinue it  to  posterity. 

In  the  preface  to  his  first  edition  he  says  "  he  might  have  treated  at 
length  on  iron  appliances — a  subject  of  great  magnitude,  and  requiring 
a  distinct  treatise."  Yes,  here  is  Mr.  Fairbairn's  proper  domain. 
He  was  amongst  the  very  earliest  in  the  field  in  iron  shipbuilding. 
The  same  may  be  said  of  him  in  other  applications  of  iron  of  a  practical 
sort.  To  him  we  owe  great  improvements  made  in  early  tools,  in 
mill-work  and  gearing  in  all  its  departments,  in  corn-mills,  in  water- 
wheels.  Let  him  give  us  the  fullest  treatises  on  these  Xi  appliances  of 
iron,"  and  we,  and  those  that  shall  come  after  us,  will  thank  him;  but 
mere  book  compilation  is  best  left  to  others,  much  his  inferiors  perhaps 
in  practical  knowledge,  though  with  larger  or  possibly  exacter  range 
of  theoretical  and  literary  acquirement. 
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ON  PROPELLING  SMALL  BOATS. 
(To  the  Editor  of  the  Practical  Mechanic's  Journal*) 

Sir, — In  yom*  Journal  for  April  I  observe  a  letter  signed  "D.  S.,"  advocating 
the  use  of  paddles  as  a  means  of  propulsion  for  small  boats,  and  enumerating  four 
distinct  advantages  to  be  derived  from  their  application.  A  little  consideration 
will,  I  think,  convince  D.  S.  that  these  advantages  are  more  apparent  than  real, 

1st.  Though  it  is  not  correct  to  say  that  a  man  in  rowing  must  "  turn  round 
from  his  position,"  for  he  merely  turns  his  head,  no  doubt  there  would  be  a  slight 
advantage  if  he  could  sit  with  his  face  to  the  bows  of  the  boat.  The  defect,  however, 
is  only  felt  in  the  case  of  a  boat  without  a  cnxwain. 

2nd.  With  regard  to  "speed:"  if  D.  S.  will  consult  any  work  treating  on  animal 
power,  he  will  find  that  the  "  position  assumed  in  rowing  "  stands,  in  point  of  useful 
effect,  highest  amongst  the  various  methods  of  applying  human  power — the  proportion 
between  that  and  "  turning  at  a  winch"  being  somewhere  about  as  10  to  7.  The 
"continual  locomotion"  theory  will,  I  think,  scarcely  hold  good;  for,  independent 
of  the  dead  points,  the  man  (with  his  feet  firmly  fixed)  would  exert  at  least  three 
times  the  force  iu  pulling  than  in  thrusting  at  the  handle.  It  is  much  easier  to 
"pull"  than  to  "back-water." 

3rd.  No  one  who  has  been  much  in  boats  but  will  at  ence  see  the  fallacy  of  this 
"  advantage."  Fancy  your  paddle-boat  obliged  to  push  its  way  amongst  such  a 
crowd  of  boats  as  one  sees  at  some  of  the  common  landing-stairs.  In  such  an 
encounter  paddle-cases  would  be  only  a  partial  protection.  When  yonr  oars  are 
unshipped,  they  are  in  perfect  safety.  With  regard  to  narrow  "  bridges,"  they  are 
not  so  frequent  as  to  be  a  serious  obstacle. 

4th.  From  this  last  "  advantage  "—that  of  the  work  being  much  easier  " — I  have 
already  dissented. 

If  D.  S.  will  observe  the  performance  of  such  men  as  Chambers  and  Cooper  of 
Newcastle,  Kelly  of  London,  or  such  men  as  those  who  a  few  days  ago  rowed  the 
University  Boat-race,  he  will  find  that  it  is  quite  possible  to  "depend  on  making  a 
sure  stroke."  How  far  this  may  be  the  case  with  D.  S.  himself  of  course  I  cannot 
say,  but  it  is  seldom  indeed  that  an  experienced  oarsman  misses  his  stroke. 

The  oars  possess  many  more  advantages  over  the  proposed  method — duplicates 
are  easily  procured;  the  rower  may  sit  in  almost  any  part  of  his  boat  to  accommo- 
date the  load,  &c,  &c. — I  am,  Sir,  yours  &c, 

April,  1865.  C.  W. 

METROPOLITAN     MAIN     DRAINAGE     WORKS. 

(To  tjie  Editor  of  the  Practical  Mechanic's  Journal.*) 

Snt, — In  your  Journal  of  this  month  you  give  your  subscribers  a  very  minute 
account  of  "The  Main  Drainage  Works  of  London,"  as  carried  out  and  well  nigh 
completed  by  the  Board  of  Works,  and  under  the  superintendence  of  Mr.  Bazalgette. 

My  present  object  in  writing  to  you  is  to  remove  an  erroneous  impression  which 
many  have  formed  besides  yourself,  of  attributing  to  Mr.  Bazalgette  the  honour 
or  merit  of  the  original  design,  which  you  justly  designate  "  so  grand  a  scheme." 

The  fact  is,  that  the  entire  idea  was  mine,  and  not  Mr.  Bazalgette's,  unless  the 
thing  is  possible  that  from  two  minds,  at  one  and  the  same  time,  flashed  forth  ideas 
virtually,  and  I  may  add  identically  alike. 

The  idea  was  original  on  my  part,  and  was  presented  by  me  to  the  editor  of  the 
London  Times,  in  a  letter,  signed  "  A  Scotchman,"  some  time  about  the  middle  or 
close  of  the  summer  of  1858,  a  restricted  copy  of  which  I  now  append,  confining  it 
to  that  part  of  the  letter  which  treats  of  the  original  idea  and  the  mode  of  its 
extension.  I  may  add,  however,  that  the  letter  was  not  inserted  in  the  Times;  but 
most  probably,  I  presume,  was  sent  forward  to  the  Commissioners  of  the  Board  of 
Works  by  the  editor  of  that  paper,  along  with  other  articles  upon  the  same  subject, 
too  numerous  to  insert. 

Any  one  who  has  read  your  article  upon  this  scheme,  and  who  now  reads  the  fol- 
lowing letter,  cannot  fail  to  observe  from  whence  the  original  design  has  emanated; 
in  fact,  the  completed  work  and  my  design  agree  exactly,  unless  in  the  case  of  an 
hour  of  difference  in  the  outflow  of  the  sewage  into  the  river,  which  is  not  a  differ- 
ence in  design  but  of  detail. 

"The  sewer  mouths  on  either  side  of  the  river  shall  empty  themselves  at  their 
present  level  into  a  large  sewer  or  conduit,  the  same  to  be  continued  down  the  sides 
of  the  river  until  the  city  is  passed,  and  a  piece  of  ground  suitable  and  large  enough 
is  to  be  had,  capable  of  forming  a  reservoir  large  enough  to  contain  twelve  hours* 
sewage  water  of  London.  The  sill  or  bottom  of  this  reservoir  shall  be  slightly 
higher  than  high  water  mark  of  the  river,  and  consequently  several  feet  higher  than 
the  main  sewer  or  conduit.  Application  must  therefore  be  had  to  engine  power  to 
empty  the  conduit  and  fill  the  reservoir.  Power  sufficient  being  obtained  and  set  in 
motion  to  pump  up  all  the  sewage  water  emitted  from  the  sewer  in  twelve  hours, 
the  reservoir  becomes  filled.  At  the  first  beginning  of  ebb  or  return  tide  is  the  time 
I  propose  for  emptying  the  contents  of  the  reservoir  into  tie  river.  At  these  two 
periods  in  every  24  hours  floodgates  shall  be  opened  of  capacity  large  enough  to 
empty  the  reservoir  within  at  most  one  hour's  time.  It  is  here  that  the  virtue  of 
my  proposition  lies;  for  in  the  first  hour  of  ebb  tide  the  sewage  is  all  emptied  into 
the  river  at  high  water,  and  for  five  hours  succeeding  the  ebb  tide  continues  to 
follow  it,  thereby  scouring  the  polluted  river  with  pure  water  for  that  space  of  time. 
Of  course  the  return  tide  will  flow  for  six  hours ;  and  it  may  be  said  the  sewage 
water  will  make  its  appearance  again  at  London.  I  should  say  not.  What  with 
the  mixing  at  first  with  so  large  a  body  of  water  as  must  be  in  the  river  at  the 
beginning  of  ebb  tide,  coupled  with  that  of  the  large  body  of  pure  water  that  flows 
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after  it  and,  in  addition,  the  fact  of  the  reservoir  being  a  little  below,  and  not  at, 
London,  I  submit  that  no  sewage  water  could  reach,  nor  smell  be  felt  there ;  and 
thereby  the  end  contemplated  would  be  gained." 

If  this  letter  should  meet  the  eye  of  Mr.  Bazalgette,  he  will  have  an  opportunity 
of  saving  whether  the  design  was  original  on  his  part,  or  was  suggested  by  his 
reading  my  letter  to  the  Times,  which  letter  emanated  from  me  somewhere  between 
sis  and  twelve  months  antecedent  to  the  idea  becoming  first  public  as  being  that  of 
Mr.  Bazalgette's,  through  the  Times  newspaper  of  the  19th  of  July,  1859. 
I  am,  Sir, 

Yours  most  respectfully, 

ROBERT  SERVICE. 
Culckeuch  Works,  Fistrt,  by  Glasgow, 
12th.  May,  1865. 

[It  is  of  comparatively  little  import  from  whom  the  original  idea  of  the  present 
system  of  the  "Main  Drainage  Works  of  London"  emanated,  for  the  practical 
carrving  out  of  such  a  scheme  is  infinitely  the  chiefest  consideration  of  the  two ; 
and  whether  or  not  the  system  was  Mr.  Bazalgette's  original  conception  it  matters 
little,  for  to  him  alone  will  always  accrue  the  honour  due  to  the  carrying  out  of  so 
leviathan  a  scheme. — Ed.] 
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IRON  SHIPS— BUILDERS'  MEASURE  versus  REGISTER  TONNAGE. 
By  Mr.  Robeet  Duncan. 
The  term  "tonnage"  originated  in  the  scale  of  weight,  and  had  reference,  not  to 
the  size  or  dimensions  of  the  ship,  bat  to  the  weight  carried  by  it.  The  necessities 
of  revenue,  and  other  purposes,  required  a  standard  of  value  or  size  by  which  imposts 
on  shipping  might  be  regulated.  It  was  desirable  that  this  standard  should  be  the 
fairest  possible,  therefore  the  standard  of  weight.  As  it  was  not  desirable  to  wait 
till  vessels  were  tested  by  load  before  determining  their  tonnage,  a  calculation  based 
on  existing  proportions  and  carrying  abilities  was  legalized  in  1773  to  determine 
the  weight  or  tonnage  burden — commonly  now  called  the  Old  Law  or  Builders' 
Measure.  This  calculation  being  a  constant  of  length  and  breadth,  with  which 
form  and  depth  had  nothing  to  do,  evasion  became  possible.  Morally  no  one 
objects  to  make  the  best  bargain  possible  with  taxation.  We  all  approve  of  free 
trade  as  regards  ourselves,  though  possibly  not  always  admiring  the  "wholesome 
competition"  which  may  be  equally  free  to  our  neighbours.  Nevertheless,  as  ship- 
owners and  shipbuilders,  we  are  bound  to  have  and  to  build  ships  which  carry  the 
largest  cargoes  with  the  smallest  disbursements.  Great  difference  of  opinion  exists 
as  to  the  most  suitable  depths  and  forms.  It  becomes,  therefore,  a  question  of 
great  importance  to  builders  and  owners  how  certain  depths  and  forms  may  pay  to 
build  and  to  sail.  It  is  obvious  that  under  the  old  law  the  shortest,  deepest  vessel 
suitable  for  each  trade  became  the  rule.  The  maximum  depth  being  reached 
experience  did  the  rest  for  the  builder,  and  like  sizes  like  prices  became  a  law  unto 
themselves.  I  need  not  again  go  over  the  processes  which  wrought  a  cure  of  this 
system  as  regards  the  taxation  part  of  it,  having  already  treated  of  that  in  a  previous 
paper  to  this  Association.  I  should  like  to  look  now  at  the  subject  from  the  builder's 
side  as  to  cost,  and  the  owner's  as  to  profit. 

The  tonnage  law  of  185-4  has  been  in  operation  for  ten  years,  and  by  this  time 
shipbuilders  and  shipowners  may  be  supposed  to  have  an  ordinarily  correct  concep- 
tion of  its  value  as  a  mode  of  measuring  and  rating  shipping.  The  tonnage  of  the 
kingdom,  particularly  in  iron  shipping,  has  multiplied  itself  repeatedly  since  the 
introduction  of  the  present  system,  which  having  now  been  fairly  tried,  may  safely 
be  said  to  have  come  through  its  infancy  very  creditably  to  Mr.  Moorsom  and  the 
gentlemen  who  assisted  him  by  advice  and  information  to  mature  it.  Had  there 
been  any  serious  defects  in  the  mode  of  measurement  these  would  have  been  developed 
to  the  utmost,  and  the  forms  of  our  ships  would  have  manifested  its  imperfections 
exaggerated  to  deformity,  as  under  the  former  law.  Any  defects  of  the  present  rule 
are  simply  in  the  application,  and  not  in  the  principle;  and  the  rule  as  applied  for 
the  measurement  of  the  hull  may  be  considered  as  nearly  perfect  as  a  scientific 
principle  can  make  it.  As  a  mode  of  comparison  the  late  rule  (of  1835)  has  passed 
utterly  and  unregretted  out  of  nse;  but  its  predecessor,  the  old  law  of  1773,  under 
the  style  of  "Builder's  Measure,"  still  exercises  a  very  important  influence  on  the 
shipping  of  the  kingdom.  Use  and  prejudice — an  affectionate  regard  for  a  simple 
old  servant  which  has  served  our  fathers  and  ourselves  for  ninety  years,  possibly  not 
always  well,  but  at  any  rate  not  materially  worse  than  its  successor,  which  was 
introduced  to  supersede  it — has  induced  a  conservatism  as  regards  the  old  law 
which,  notwithstanding  the  beauty  and  correctness  of  the  present  law,  operates 
prejudicially  on  our  shipping  against  the  interests  of  all  parties  concerned. 

Rather  more  than  ten  years  ago,  when  Mr.  Moorsom  published  his  system  of 
measurement,  which  immediately  afterwards  became  law,  he  remarks  respecting  the 
old,  and  the  then  existing,  law — -"  That  the  evil  of  such  loose  and  imperfect  measure- 
ment does  not  rest  here.  If  it  were  limited  simply  to  depriving  us  of  a  just  concep- 
tion of  the  relative  magnitude  of  vessels,  no  very  serious  harm  or  inconvenience 
might  arise  from  such  deficiency ;  but  when  we  consider  ....  that  vessels 
are  built,  bought,  and  sold  ....  all  in  proportion  to  the  same  standard 
.  .  .  .  the  importance  of  the  highest  degree  of  truth  and  perfection  is 
manifest;  and  therefore  the  apathy  which  has  been  evinced  on  this  cardinal  point 
by  many  of  our  intelligent  shipowners,  and  more  particularly  by  our  merchant  ship- 
builders, is  truly  astonishing,  and  not  to  be  accounted  for  in  the  way  in  which  we 
are  generally  accustomed  to  solve  such  problems." 

I  believe  Mr.  Moorsom's  latter  reflections  are  nearly  as  applicable  at  the  present 
time  as  they  were  at  the  time  of  publication. 

One  way  of  accounting  for  this  seeming  apathy  is,  that  each  alteration  of  the  law 
of  tonnage  has  been  based  upon  the  old  law,  so  as  to  make  as  little  alteration  as 
THIRD    SERIES. — VOT,.  I. 


possible  in  statistics  of  existing  tonnage,  and  "to  produce  the  same  general  result 
as  the  old  law."  So  far  shipowners  and  shipbuilders  may  be  excused  for  not  imme- 
diately perceiving  the  difference  between  apparently  six  and  half-a-dozen.  The  Act 
of  1835  had  been  notoriously  not  much  of  a  change  for  the  better,  and  looking  to 
the  immediate  result  contemplated  by  the  second  change,  namely,  the  maintenance 
of  statistical  tonnage,  the  one  law  doubtless  appeared  to  the  majority  of  both  interests 
as  good  as  the  other.  The  minority,  with  Mr.  Moorsom,  looked  not  alone  to  the 
immediate  maintenance  of  existing  statistics,  but  to  the  prospective  benefit  to  the 
whole  maritime  interest  of  the  kingdom.  And  they  were  right ;  a  very  great 
improvement  has  taken  place,  irrespective  of  the  apathy  of  the  majority,  and  all 
will  yet  see,  as  he  and  many  like  him  saw,  "the  importance  of  the  highest  degree 
of  truth  and  perfection  in  the  standard  of  tonnage  measurement  for  building,  selling, 
buying,  and  working  shipping." 

Shipbuilders,  being  producers,  are  of  course  influenced  in  their  productions  by  the 
requirements  of  their  customers,  who  in  their  turn  are  influenced  by  the  measure  by 
winch  shipbuilders  sell.  As  shipbuilders  chose  to  adhere  to  the  old  law  as  their 
working  standard,  the  term  "Old  Law"  naturally  became  transmuted  into  "Builders' 
Tonnage;"  and  this  being  the  rule  by  which  even  yet  the  majority  of  builders  build 
and  sell,  shipowners  are  naturally  compelled  to  study  the  relationship  of  the  Builders' 
and  Register  Tonnage,  as  it  affects  their  interests,  first,  as  to  the  requirements  of 
their  trade,  and  secondly,  as  to  the  value  of  the  Builders'  Standard.  I  do  not 
under-estimate  the  intelligence  of  our  shipbuilders  when  I  say  that  many  of  our 
most  intelligent  shipowners  understand  the  entire  value  of  the  relationship  between 
the  two  rules.  It  is  not  difficult  to  perceive  that  a  rule  which  ignores  the  depth  in 
estimating  the  tonnage  can  never  at  best  give  more  than  a  very  imperfect  estimate 
of  the  capacity  of  a  ship,  while  the  new  rule,  which  not  only  takes  account  of  the 
principal  dimensions,  depth  included,  but  on  purely  scientific  principles  calculates 
the  actual  capacity  of  every  modification  of  form,  can  at  all  times  be  relied  on  to 
give  an  accurate  basis  of  value  for  taxation  in  proportion  to  capacity  or  register 
tonnage,  and  to  bring  returns  wherewith  to  pay  their  taxes  in  cubic  feet  of  measure- 
ment and  dead-weight  cargo  in  exact  proportion  to  that  register  tonnage ;  therefore 
— and  the  conclusion  is  the  most  natural  possible — if  the  requirements  of  the  owner's 
trade  will  permit,  the  largest  register  tonnage  that  can  be  got  from  the  builder  on 
the  smallest  builders'  tonnage,  which  is  assumed  to  he  the  basis  of  payment,  is  the 
best  bargain  for  the  owner.  Possibly  it  may  be  said,  reverse  the  case  and  the  con- 
verse holds.  If  a  shipowner  does  not  see  the  full  relationship  of  the  laws,  and 
wishes  a  form  of  ship  which  produces  a  small  register  in  proportion  to  builders* 
tonnage,  the  builder  has  the  best  of  the  bargain,  and  accounts  are  squared.  I  will 
not  do  either  party  the  injustice  to  suppose  that  this  "  diamond  cut  diamond " 
system  is  an  agreeable  one,  or  possibly  understood  to  its  full  extent,  as  I  am  sure 
that  it  is  not  a  profitable  one  for  either  party  when  carried  to  its  full  extent.  But 
of  this  I  am  sure,  that  dimensions,  form,  and  construction  are  all  influenced  pre- 
judicially by  the  maintenance  of  the  old  law,  as  Lloyd's  Register  and  other  statistics 
of  tonnage  very  plainly  show. 

As  the  builder's  measure  is  a  very  full  standard,  vessels  built  to  register  in  excess 
of  builder's  measure  must  either  be  extravagant  as  to  form  or  have  large  erections 
above  the  main  or  upper  deck.  Only  vessels  of  large  dimensions  which  can  stand 
a  greater  proportion  of  depth, --such  as  -f^ths  of  the  beam  and  upwards,  can  have  a 
register  under  the  upper  deck  greater  than  the  builder's  tonnage,  and  when  such 
vessels  can  carry  a  poop  and  deckhouses  in  addition,  the  difference  may  be  very 
great;  but  taking  statistics  of  tonnage  all  sizes,  the  greater  number  of  vessels  are 
less  register  than  b.m.  The  cost  of  production  being  actually  in  proportion  to  the 
register,  the  average  cost  per  b.m.  is  of  course  reduced,  and  the  cases  in  which  the 
register  is  high,  or  in  excess,  very  generally  a  wrong  balance  for  the  builder,  till 
experience  teaches  the  necessity  of  supplementing  the  b.  m.  by  some  more  accurate 
calculation  in  self-defence.  Many  builders  do  not  possibly  rate  by  the  old  law,  even 
though  making  it  the  standard  of  tender.  Many  of  our  own  members,  perhaps  all 
of  us,  have  other  methods  by  which  to  estimate  cost.  Some  assume  a  ratio  of  cost 
to  the  multiplied  dimensions,  with  some  fixed  divisor;  others  assume  ratios  of  dis- 
placement of  the  forms  they  prefer ;  others  merely  take  the  cost  of  already  constructed 
type  ships — the  latter  by  far  the  safer  rule.  But  almost  all  are  generally  reduced 
to  b.  m,,  or  a  sum,  before  tendering,  and  the  owner  having  but  one  standard  before 
him,  very  likely  only  b.  m.  tonnage,  irrespective  of  dimensions  and  form,  and  not 
being  influenced,  or  probably  aware,  of  the  modes  by  which  the  cost  has  been 
deduced,  has  the  dimensions,  model,  and  form  made  to  suit  his  ideas,  and  the 
builder  is  obliged  to  conform,  often  against  his  convictions  and  frequently  against 
his  interest.  In  order  to  satisfy  myself  of  the  extent  to  which  the  old  law  is  still 
the  builder's  standard,  and  influences  the  forms  of  our  ships,  I  have  abstracted  the 
iron  sailing-ships  in  Lloyd's  Register  from  the  beginning  of  1860  till  June  this 
year,  and  I  find  that  of  157  iron  ships  above  500  tons  register,  85 — or  more  than 
half — are  greater  register  than  b.  m.  That  the  excess  would  be  even  more  than 
this  I  have  no  reason  to  doubt ;  as  the  register  is  the  tonnage  generally  given  in  the 
book,  and  I  have  calculated  the  b.  m.  from  the  register  length,  which  is  generally 
3  to  10  feet  longer  than  the  length  between  perpendiculars,  my  calculated  b.  m.  may 
safely  be  assumed  greater  than  the  actual  b.  m.,  and  thus  the  number  of  vessels  of 
larger  register  than  b.  m.  should  have  been  in  excess  of  what  I  have  stated.  But 
withal  the  fact  stands,  that  fully  half  of  all  the  iron  ships  above  500  tons  classed 
at  Lloyd's  are  greater  register  than  b.  M.  Two-thirds  of  the  ships  built  on  the 
Thames  and  the  Mersey  are  greater  register,  while  Sunderland  and  the  east  coast 
are  nearly  half,  and  the  Clyde  rather  less  than  one-third  in  excess. 

The  liability  to  excess  is  greater  with  sailing-vessels  than  with  steamers,  in 
consequence  of  the  greater  depth  to  which  sailing-vessels  are  usually  built;  hence 
the  fact  is  more  easily  deduced  from  them,  if  other  proof  were  wanting,  that  builders' 
tonnage  is  still  the  regulating  standard.  If  a  ship  of  1000  tons  b.  m.  can  be,  and 
frequently  is,  built  to  measure  1100  and  upwards,  we  cannot  wonder  that  some 
builders  should  find  it  necessary  to  charge  higher  figures  for  deeper  ships,  and 
stand  for  equality  of  tonnages.  It  requires  a  considerable  advance  in  price  to  pro- 
duce 10  per  cent,  additional  tonnage,  particularly  when  that  excess  is  the  actual 
extra  capacity  for  which  material  has  to  be  provided,  and  on  which  extra  workman- 
ship has  to  be  expended  to  produce  this  enlarged  capacity. 

Large  vessels  which  can  be  built  deep,  and  carry  poop,  forecastle,  and  deckhouses, 
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often  of  considerable  tonnage,  are  all  rated  by  the  same  standard  as  ships  which 
have  none  of  these.  Small  vessels  which  are  built  shallow  are  also  rated  by  the 
same  standard,  but  experience  has  proved  that  they  can  be  built  very  much  cheaper 
in  proportion  to  b.  m.,  hence  they  are  more  cheaply  rated  per  b.  m.  All  practical 
men  know  that  it  is  impossible  to  work  light  material  as  cheaply  as  heavier.  We 
know  that  vessels  of  1  to  500  tons  are  relatively  dearer  to  build  than  vessels  of  800 
to  2000  tons,  for  material  and  work  are  comparatively  dearer  the  smaller  they 
become.  Therefore  it  appears  to  me  that  the  actual  measure  and  weight  of  material 
in  each  case  is  the  only  true  standard  of  cost.  This  it  is  nearly  impracticable  to 
obtain  without  a  standard  for  construction ;  some  fixed,  recognized,  or  legal  scale 
of  weight  or  scantling  requires  to  be  assumed,  such  as  Lloyd's  Rules,  as  a  base  for 
weight.  The  measure  by  which  this  scantling  is  to  be  determined  must  be  fixed. 
To  give  the  scale  a  definite  value  the  truest  measure  must  certainly  be  that  which 
most  truly  defines  the  form,  capacity,  or  inclosed  space,  in  a  word,  tonnage,  and  the 
proportion  of  scantling  be  so  determined  as  to  apportion  weight  to  that  tonnage  in 
nearly  equal  ratio  to  all  sizes.  The  correctness,  therefore,  of  the  standard  of  weight 
or  material  is  of  the  first  importance,  and  the  correctness  of  the  standard  of  measure 
next,  each  indispensable  to  the  other.  Many  builders  do  not  estimate  quantities 
directly,  but  according  to  some  indirect  measure  of  dimensions,  most  frequently 
Builders'  Tonnage.  Allowances  may  be  made  for  differences  of  depth  or  erections 
above  deck,  but  allowances  made  without  a  definite  rule  are  apt  to  be  occassionally 
wide  on  either  side. 

The  most  correct  standard  of  measure  in  my  opinion  is  the  New  Tonnage  Measure, 
and  the  most  correct  standard  of  weight  is  Lloyd's  Rules.  Properly  speaking,  ship- 
builders have  no  others  from  which  they  have  so  great  an  amount  of  reliable  data; 
each  builder  can  certify  the  accuracy  of  both  standards  by  his  own  experience.  I 
have  collected  during  the  last  ten  years,  since  the  introduction  of  both  rules,  an 
amount  of  data  which  satisfies  myself  that  the  relation  between  the  tonnage  n.  m. 
and  the  weight  according  to  Lloyd's  Rules  has  been  throughout  nearly  a  perfect 
ratio,  each  verifying  the  other  so  beautifully  and  so  exactly  that  the  material  used 
in  construction  is  nearly  uniformly  a  constant  of  the  tonnage,  irrespective  of  the 
dimensions  and  form.  I  daresay  many  of  our  members  are  not  prepared  to  endorse 
my  remarks  as  yet ;  I  must  therefore  support  myself  by  proof. 

As  a  standard  of  form  and  capacity  it  is  not  now  necessary  to  prove  the  correct- 
ness of  the  new  tonnage  law ;  it  is  practically  perfect.  The  question,  therefore, 
is  solely  its  relation  to  the  standard  of  weight — to  show,  in  fact,  what  proportion  a 
ton  weight  of  iron  and  other  material  generally  used  for  building  ships  bears  to  a 
ton  measurement  of  space  according  to  the  present  mode  of  measuring  ships. 

Uniformity  of  material  has  more  nearly  equalized  the  weight  of  scantling  for  iron 
ships  per  standard  measures,  feet,  inches,  and  fractions,  and  Lloyd's  Rules  have 
produced  greater  uniformity  of  scantlings  to  tonnage.  There  ought  therefore  to  be 
much  less  relative  difference  in  the  value  of  iron  vessels  built  to  Lloyd's  Rules — 
weight  for  weight.  But  whether  built  to  Lloyd's  Rules  or  not,  weight  for  weight 
is  nearly  the  correct  standard,  if  we  can  get  it.  We  may  safely  assume  that  the 
scantlings  of  most  vessels,  whether  classed  or  not,  are  based  on  Lloyd's  Rules,  as 
affording  the  best  guarantee  for  sufficiency ;  and  as  Lloyd's  Rules  for  iron  ships 
came  into  operation  nearly  simultaneously  with  the  new  tonnage  law  for  measure- 
ment, we  cannot  possibly  have  or  get  any  other  standard  of  weight  from  which  we 
have  so  great  an  amount  of  reliable  data.  Those  rules  have  been  altered  several 
times,  but  a  comparison  on  the  same  scale  of  any  data  will  safely  insure  similar 
results.  The  question  of  weight  to  measurement  is  a  question  of  experience.  We 
cannot  think  that  the  gentlemen  who  arranged  the  scantlings  of  Lloyd's  Rules  had 
the  least  idea  of  determining  with  mathematical  accuracy  the  relation  of  scantling 
and  weight  to  tonnage.  Perhaps  they  could  not  readily  have  given  a  reason  for 
choosing  tonnage  rather  than  dimensions,  or  preferring  one  tonnage  to  another,  old 
or  new,  except  that  the  new  was  the  legal  standard.  Lloyd's  committee  have 
generally  acted  on  the  liberal  principle  of  a  minimum  scale  for  the  smallest  tonnage, 
thereby  giving  the  owner,  the  ship,  and  the  builder  the  benefit  of  any  doubt  as  to 
correct  standard  for  weight.  Of  late  dimensions  have  been  imported  into  the 
regulating  scale,  and  are  principally  the  regulating  scale  of  the  Liverpool  registry. 
This  will  militate  to  a  certain  extent  against  the  accuracy  of  the  scale  to  tonnage, 
to  what  extent  wo  have  not  yet  sufficient  data  to  furnish  proof.  It  certainly  will 
operate  against  fine  ships  of  large  dimensions  and  small  tonnage  n.  m.  ;  but  as  the 
Liverpool  rule  has  been  framed  principally  for  ships  of  small  dimensions  and  large 
tonnage  N.  m.,  it  may  have  been  judicious  to  adopt  dimensions  as  their  standard  for 
that  style  of  ships,  and  reasonably  so  for  Lloyd's,  in  the  case  of  steamers,  to  give 
sufficient  midship  strength  to  carry  long  fine  ends.  The  accuracy  of  the  scale  of 
weight  to  tonnage  in  the  latter  case  might  be  advantageously  maintained  by  an 
increase  of  the  spacing  of  the  frames  toward  the  ends,  the  weight  so  removed  to  be 
distributed  amidships,  as  compensation  for  increased  dimensions.  Leaving  this 
latter  caso  for  the  consideration  of  the  gentlemen  most  interested,  it  gives  me  great 
pleasure  to  be  able  to  state  that  so  far  as  experience  can  be  taken  for  a  guide,  my 
experience  of  the  relationship  of  Lloyd's  Rules  to  new  measurement  tonnage, 
beginning  with  the  introduction  of  both  in  1854  as  standards  of  measurement  and 
construction,  and  compared  by  a  great  number  of  vessels  of  all  sizes  and  forms,  has 
satisfied  me  that  both  have  been,  and  are  now,  as  nearly  perfect  in  their  relation  to 
each  other  as  the  weight  of  the  volume  of  water  displaced  is  to  the  bulk  of  the  dis- 
placing body  to  the  water  level,  whether  that  bulk  be  a  solid  or  a  shell  inclosing  a 
certain  space  in  cubic  feet  or  cubic  tons  of  100  cubic  feet — say  a  ship,  irrespective 
of  the  form  and  dimensions  of  the  solid  or  bulk  immersed. 

I  am  quite  aware  that  exception  will  be  taken  theoretically  to  this  absolute 
relation  of  the  space  inclosed  to  the  weight  of  the  surface,  or  shell,  or  hull  inclosing 
that  space.  I  am  not  sorry  that,  as  regards  weight  of  hull  to  tonnage  or  space 
inclosed  in  ships,  theory  is  at  fault,  or  the  difference  is  so  small  as  to  be  practically 
imperceptible.  1  did  not  begin  my  comparisons  ten  years  ago  with  a  theory,  as 
there  was  no  data  to  start  with,  and  theory  would  have  stopped  me  at  the  outset. 
I  did  not  even  look  for  coincidences.  I  dealt  only  with  facts,  and  my  conclusions 
are  results,  not  demonstrations. 

(To  be  continued  J) 


ASSOCIATION  FOR  PREVENTION  OF  STEAM    BOILER   EXPLOSIONS. 

Chief  Engineer's  Monthly  Report. — The  last  ordinary  monthly  meeting  of 
the  executive  committee  of  this  Association  was  held  at  the  Offices,  41  Corporation 
street,  Manchester,  on  Tuesday,  May  2nd,  18G5,  when  Mr.  L.  E.  Fletcher,  chief 
engineer,  presented  his  report,  of  which  the  following  is  an  abstract : — 

"During  the  last  month  180  engines  have  been  examined,  and  308  boilers,  1G  of 
the  latter  being  examined  specially,  and  3  of  them  tested  with  hydraulic  pressure. 
Of  the  boiler  examinations,  197  have  been  external,  13  internal,  and  98  entire. 
In  the  boilers  examined  172  defects  have  been  discovered,  11  of  the  defects  being 
dangerous. 

"Tabular  Statement  of  Defects,  Omissions,  etc.,  met  with  in  the 
Boilers  examined  from  March  25th,  1865,  to  April  21st,  1865, 
inclusive. 


description. 


DEFECTS    IN    BOILER. 

Furnaces  out  of  Shape, 

Fracture, 

Blistered  Plates, 

Corrosion — Internal, 

Ditto        External, 

Grooving — Internal, 

Ditto        External, 

Total  Number  of  Defects  in  Boiler,... 

DEFECTIVE  FITTINGS. 

Feed  Apparatus  Out  of  Order, 

Water  Gauges  ditto,         , 

Blow  Out  Apparatus  ditto, 

Fusible  Plugs  ditto,  , 

Safety  Valves  ditto,  , 

Pressure  Gauges         ditto,  , 

Total  Number  of  Defective  Fittings,.. 

omissions. 

Boilers  without  Glass  Water  Gauges, 

Ditto         Pressure  Gauges, 

Ditto         Blow  Out  Apparatus, 

Ditto         Feed  Back  Pressure  Valves,.. 

Total  Number  of  Omissions, 

Cases  of  Over  Pressure, 

Cases  of  Deficiency  of  Water, 

Gross  Total, 


Number  of  Cases  met  with. 


Dangerous.  Ordinary.       Total 


11 


8 

10 

9 

11 

10 

10 

13 

13 

8 

11 

5 

5 

1 

1 

16 

7 


18 


43 


24 
33 


64 


101 


61 


16 

7 

2 

2 

18 


45 


24 
33 


64 


172 


"  Injury  to  furnace  crowns  from  shortness  of  water  appears  of  late  to  have  been 
of  very  frequent  occurrence.  Three  cases  have  already  been  reported  since  the  com- 
mencement of  the  year,  while  two  more  have  happened  during  the  past  month.  The 
majority  of  these  cases  of  injury  occur  at  night-time,  when  the  furnaces  are  banked  up; 
but  the  first  of  those  now  under  consideration  took  place  at  about  half-past  one  in  the 
afternoon,  when  the  fireman  was  at  his  post.  It  appears  that  he  misread  the  glass 
gauge,  mistaking  a  small  piece  of  white  scale,  which  clung  to  the  inside  of  the  tube, 
for  the  surface  of  the  water,  and  was  not  undeceived  until  being  alarmed  by  hearing 
a  cracking  and  thudding  noise  inside  the  boiler,  as  well  as  by  noticing  that  the  steam 
began  to  rush  nut  at  the  furnace-mouth  angle  irons,  and  at  the  transverse  seam  of 
rivets  in  the  front  end  plate,  he  called  the  engineman,  who  at  once  blew  the  glass 
gauge  through,  and  discovered  that  the  boiler  was  short  of  water.  The  engineman 
promptly  put  down  the  damper,  and  drew  the  fire,  just  in  time  to  prevent  explosion, 
but  not  before  the  furnace  crowns  were  very  seriously  drawn  out  of  shape. 

"  The  boiler  was  of  the  internally-fired  two-flued  class,  and  was  one  of  a  series  of 
seven,  all  of  which  worked  at  a  pressure  of  601b.  per  square  inch,  with  the  exception 
of  the  one  under  consideration,  which  was  used  for  heating  the  mill,  and  only  worked 
at  101b.  Had  the  boiler  been  working  at  the  same  pressure  as  the  remainder, 
explosion,  it  is  thought,  would  have  been  inevitable. 

"  It  has  been  frequently  recommended  in  previous  reports  that  every  boiler  should 
be  fitted  with  a  duplicate  glass  water  gauge,  and  in  support  of  this  it  may  be  pointed 
out  that  the  only  boiler  in  the  series  referred  to  above  which  had  but  one  water 
gauge  was  the  one  to  which  the  injury  occurred.  Had  it  been  fitted  with  two  gauges, 
so  that  each  would  have  acted  as  a  check  upon  the  other,  it  must  be  clear  to  all 
that  the  probability  of  mistake  would  have  been  considerably  reduced,  if  not  altogether 
removed. 

"  It  has  appeared  on  my  rounds  of  inspection  that  there  is  more  '  method '  than 
is  generally  acknowledged  in  the  occurrence  of  these  mistakes  and  accidents  as  they 
are  called,  for  certain  it  is  that  they  happen  more  frequently  at  that  class  of  works 
where  order  and  general  cleanliness  are  considered  as  superfluities,  than  where  every- 
thing is,  as  a  matter  of  principle,  kept  up  in  the  highest  style  of  efficiency :  and 
many  I  feel  will  agree  with  me,  that  it  is  important  that  a  boiler  attendant  should 
be  induced  to  take  a  satisfaction  in  the  appearance  and  external  condition  of  his 
boiler  and  all  its  fittings.  A  fireman  who  took  a  pride  in  keeping  his  boiler-front 
in  good  order,  the  water-gauge  glass  transparent,  the  brass  work  clean  and  bright, 
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ami  the  taps  correct,  -would  scarcely  have  had  so  untrained  an  eye  as  to  have  mis- 
taken, as  in  the  case  just  referred  to,  a  dead  speck  of  scale  for  a  column  of  water, 
which  should  have  been  alive  with  motion  ;  and  it  is  thought  that  the  orderly  keeping 
and  appearance  of  a  firing  space  and  boiler-front  should  by  no  means  be  regarded 
as  a  matter  of  useless  refinement,  but  rather  as  a  measure  of  positive  safety. 

"  The  second  case  of  injury  through  shortness  of  water  occurred  at  nighttime, 
when  the  fires  were  banked  up,  and  the  boiler  was  in  charge  of  the  watchman. 
The  boiler  had  two  furnaces,  but  one  only  being  charged  at  the  time  the  other 


'  Both  the  boilers  referred  to  above  were  fitted  with  fusible  plugs,  and  which  it 
will  be  seen  proved  as  useless  in  both  these  cases  as  they  did  in  the  three,  particulars 
of  which  were  given  in  the  last  report.  The  experience  of  this  Association  with 
low-water  safetv  valves,  which  allow  the  steam  to  escape  as  soon  as  the  water  falls 
below  a  fixed  level,  certainly  shows  they  are  more  reliable  than  fusible  plugs. 

"Entire"  or  "Thorough"  Exajiixations. 

"Advantage  has  been  taken  of  the  stoppage  of  the  works  during  the  past  month 
at  the  Easter  holidays  for  making  as  many  '  internal '  and  '  flue '  examinations  as 
possible,  the  total  number  of  which  amounts  to  111,  whicli  is  a  higher  number  than 
has  been  obtained  during  any  previous  Easter  month.  This  is  due  to  the  working 
of  the  pecuniary  guarantee,  which  renders  the  enjoyment  of  the  guarantee  by  the 
members  conditional  upon  their  affording  the  inspectors  of  the  Association  the 
opportunity  of  making  an  'internal'  and  'flue'  examination  of  each  of  their  boilers 
once  a  year.  It  is  on  these  examinations  that  the  Association  mainly  relies  for  the 
prevention  of  explosions,  and  therefore  it  is  desirous  to  meet  in  every  way  the  con- 
venience of  the  members,  so  as  to  promote  these  examinations  being  made,  and  it 
would  press  on  the  attention  of  the  members  the  importance  of  availing  themselves 
of  all  the  general  holidays  that  arise,  such  as  Christmas,  Whitsuntide,  &c,  &c. 
These  are  not,  however,  the  only  opportunities.  There  are  many  local  holidays  of 
which  advantage  should  be  taken.  Some  towns  have  a  race  week,  others  fairs,  so 
that,  by  a  little  arrangement,  if  these  periods  of  interruption  to  business  were  turned 
to  the  best  account,  the  difficulty  of  laying  off  boilers  for  '  entire '  or  '  thorough ' 
examinations,  would  not  be  so  insurmountable  as  is  too  frequently  supposed. 

"  The  members  will  be  aware  that  by  the  rules  of  the  Association,  not  only  can 
their  boilers  receive  an  annual  '  flue '  and  '  external '  examination  at  any  one  of  the 
ordinary  visits  of  the  inspectors,  bot  also  that  extra  visits  for  this  purpose  can  be 
had,  under  the  clause  termed  '  additional,'  either  at  the  time  of  general  holidays,  or 
at  any  other  that  may  suit  their  convenience,  merely  on  the  payment  of  the  inspector's 
second-class  railway  fare  from  Manchester  and  back. 

"  These  arrangements,  on  the  part  of  the  Association,  to  secure  to  the  members 
the  advantages  of  complete  inspection,  and  under  circumstances  the  most  conducive 
to  their  convenience,  require  for  their  success,  and  it  appears  to  me  deserve,  the 
co-operation  on  the  other  hand  of  the  members  themselves ;  and,  since  this  is 
unfortunately  too  often  lost  sight  of,  a  few  words  may  be  devoted  to  this  subject, 
first,  with  regard  to  the  notice  required  for  extra  visits,  and,  secondly,  to  the  pre- 
paration of  the  boilers  for  '  internal '  and  '  flue '  examinations. 

"  Due  notice  should  be  sent  to  the  secretary  of  the  Association  when  extra 
visits  are  wished  Members  too  frequently  send  in  their  requests  a  day  before  the 
visits  are  required,  and,  in  some  cases,  on  the  day  itself.  But  as  the  inspector's 
rounds  are  always  mapped  out  several  days  beforehand,  in  order  that  due  notice  may 
be  sent  by  the  secretary  to  the  members  of  the  periodical  visits,  which  it  is  desirable 
should  proceed  with  the  utmost  regularity,  it  will  be  seen  that  it  must  be  frequently 
impossible,  on  so  short  a  notice  as  one  or  two  days,  to  comply  with  requests  for 
'additional'  visits,  and,  at  the  same  time,  keep  the  appointments  already  made  for 
periodical  ones,  unless  a  large  staff  of  supernumerary  inspectors  were  always  kept  in 
attendance,  whose  time  would  be  but  partially  occupied,  and  the  expense  of  which 
would  impose  a  heavy  tax  upon  the  members.  It  is,  therefore,  requested  that  the 
members  will  endeavour  to  give  a  week's  notice  when  writing  for  an  'additional' 
visit,  while,  however,  it  should  be  added,  that  at  such  general  holidays,  as  at  Christ- 
mas, Easter,  and  Whitsuntide,  still  earlier  application  should  be  made,  since  these 
opportunities  are  so  much  in  request  that  the  books  are  sometimes  filled  up  for  a 
month  beforehand,  and  the  preference  is  always  given  to  the  first  applicant. 

"The  preparation  of  the  boilers  for  'internal'  and  'flue'  examinations,  especially 
for  the  latter,  is,  as  a  rule,  sadly  neglected  by  the  members,  and  at  the  recurrence 
of  every  holiday  time,  when  the  inspectors  are  pressed  to  get  through  as  many  of 
these  examinations  as  possible,  they  sadly,  and  I  think  with  considerable  justice, 
complain  of  the  inconvenience  they  are  put  to.  The  complaint  is  that  the  boilers, 
as  a  whole,  but  more  especially  the  external  brickwork  flues,  are  not  properly  cooled, 
while  the  plates  are  unbrushed,  the  soot  but  imperfectly  removed  from  the  flues, 
and  in  some  cases  altogether  untouched,  so  that  they  are  often  choked  up.  It  is 
unreasonable  to  expect  an  inspector  to  do  the  work  of  a  sweep,  or  to  conclude  that 
the  flues  are  fit  for  an  inspector  to  examine,  because  a  sweep  has  been  able  to  work 
in  them.  This,  however,  is  a  mistake  too  often  made.  It  is  one  thing  for  a  sweep 
to  pass  hastily  through  a  hot  flue,  with  a  bag  over  his  head,  and  blindly  to  rake  out 
a  portion  of  the  flue  dust,  and  another  for  an  inspector  minutely  to  examine  the 
entire  surface  of  the  plates,  so  as  to  ascertain  if  they  are  thinning  by  corrosion,  or 
the  rivet  heads  are  being  wasted.  It  must  be  remembered  that  the  inspector's 
office  is  a  responsible  one.  The  plates  in  some  boilers  working  at  a  pressure  of 
steam  at  60  lbs.,  are  but  J  of  an  inch  thick,  and  on  the  inspector's  vigilance  not 
only  the  reputation  of  the  Association,  and  in  many  cases  the  pecuniary  guarantee 
depends,  but  also  the  lives  of  the  boiler  attendants :  so  that  it  must  be  clear  that 
it  is  impossible  for  an  inspector  to  do  either  himself  or  the  members  justice  when 
the  flues  are  hot,  and  the  plates  covered  with  soot. 

"  In  one  case  during  the  past  month,  in  which  an  inspector  travelled  to  a  distance 
of  a  hundred  miles  to  make  an  'entire'  examination  of  a  boiler,  in  accordance  with 
an  appointment  of  some  months'  standing,  and  after  the  necessity  of  due  preparation 
had  been  called  attention  to,  the  bottom  flue  was  found  choked  up  with  soot  12 
inches  deep.  In  another  case,  the  flues  were  so  hot  that  one  of  the  men  engaged 
in  cleaning  tbem,  when  our  inspector  arrived,  fainted  away  from  exhaustion,  and 
was  obliged  to  leave  the  work.  In  a  third  instance,  when  our  inspector  reached  the 
works  for  the  purpose  of  making  an  '  entire '  examination,  the  flues  were  so  hot  that 


the  cleaner  himself  was  unable  to  enter  them,  and  was  only  able  to  do  so,  on  our 
inspector's  return,  some  hours  after,  by  sliding  along  on  iron  plates  so  as  to  protect 
himself  from  the  heat  of  the  brickwork.  In  a  fourth  case  the  flues  had  not  been 
swept  for  nearly  a  twelvemonth,  and  the  dust  varied  from  one  to  two  feet  in  depth 
in  different  parts  of  the  flues.  In  a  fifth  case,  where  onr  inspector  was  expected 
to  make  an  '  entire '  examination,  the  boilers  were  found  full  of  water,  and  none 
of  the  ashes  removed  from  the  furnaces  since  they  had  been  fired.  Many  other 
instances  might  be  given,  but  these  will  suffice  by  way  of  illustration. 

"  Although  non-preparation  is  too  generally  the  rule,  yet  there  are  many  members 
who  regularly  have  their  boilers  suitably  prepared,  and  in  these  cases  our  inspectors 
feel  a  satisfaction  in  doing  their  work.  All  that  is  requested  of  the  members  is, 
that  they  do  not  render  the  duties  of  the  inspectors  unnecessarily  arduous,  but  that 
they  all  have  their  boilers  as  carefully  prepared  as  is  now  done  by  the  few,  and  thus 
that  they  co-operate  with  the  Association  in  carrying  out  a  satisfactory  system  of 
inspection. 

"  If  boiler  dwners  could  be  induced  to  pay  personal  attention  to  this  matter, 
instead  of  leaving  it  to  other  hands  and  taking  it  for  granted  that  it  is  attended  to, 
the  difficulty  would  be  at  once  overcome. 

Explosions. 

"  Eight  explosions,  by  whicli  three  persons  have  been  killed  and  nine  others 
injured,  have  occurred  during  the  past  month  to  boilers  not  under  the  inspection 
of  this  Association.     The  following  is  a  tabular  statement : — 

"Tabular    Statement   of   Explosions   from    March    24th,    1865,    to 
April  21st,  1865,  inclusive. 


Proerres- 
sive  No. 
for  1865. 


12 
13 
14 

15 
16 
17 
18 
19 


Mar.  24. 
Mar.  25. 
Mar.  27. 

Mar.  30. 
April  7. 
April  10. 
April  10. 
April  14. 


GENERAL  DESCRIPTION  OF  BOILER. 


Particulars  not  yet  fully  ascertained 
Particulars  not  yet  fully  ascertained 
Ordinary  double  flue,  or  "Lancashire,' 

Internally-fired, 

Locomotive, 

Locomotive, : 

Marine, 

Plain  Cylindrical — Externally-fired, . 
Locomotive, 

Total,... 


Persons  Persons  Trtf_, 
Killed.  Injured.:10 ^ 


12 


"  The  late  frequency  of  explosions  has  rendered  it  impossible  to  gain  particulars 
as  rapidlv  as  they  have  occurred,  but  the  scene  of  three  has  been  personally  visited 
during  the  past  month,  and  details  of  the  remainder  will,  it  is  expected,  soon  be 
obtained.  Two  explosions  may  now  be  reported  on,  one  of  which  occurred  in  the 
past  month,  and  the  other  in  the  previous  one. 

"No.  11  explosion,  which  took  its  rank  in  the  table  given  in  last  month's  report, 
occurred  at  about  five  o'clock  on  the  afternoon  of  Thursday,  March  23,  at  an  iron- 
work, and  by  it  two  men  were  killed  and  five  others  injured.  The  boiler,  which 
was  not  under  the  inspection  of  this  Association,  was  one  of  a  series  of  six,  set  at  a 
short  distance  one  from  the  other,  all  of  them  being  worked  and  connected  together. 
They  were  furnace  boilers  of  horizontal,  double-flued  construction,  each  of  them 
being  heated  by  the  flames  passing  off  from  a  couple  of  puddling  furnaces,  the  flames 
first  passing  through  the  internal  tubes,  and  then  returning  through  external  brick- 
work flues  round  the  shell.  The  length  of  the  exploded  boiler  was  16  feet,  the 
diameter  7  feet,  the  thickness  of  the  plates  T's  of  an  inch,  while  the  working  pressure 
appears  to  have  been  very  moderate,  not  exceeding  from  10  lbs.  to  15  lbs. 

"  With  regard  to  the  cause  of  the  explosion,  the  boiler,  which  was  stated  at  the 
inquest  to  have  been  thirty  years  old,  and  is  reported  to  have  lain  idle  during 
twenty  years  out  of  that  time,  failed  in  the  cylindrical  portion  of  the  external  shell, 
and  was  found,  on  examination  subsequent  to  the  explosion,  to  have  been  so 
reduced  by  corrosion  as  not  to  be  thicker  in  places  than  a  sheet  of  paper,  while 
there  were  other  evidences  of  general  neglect,  both  in  this  boiler  and  in  the  condi- 
tion of  those  that  had  worked  alongside  of  it,  thus  : — The  furnace  crowns  of  the 
exploded  boiler  were  out  of  shape  from  injuries  received  some  time  since  through 
shortness  of  water ;  and  one  of  the  twin  boilers  was  found  to  be  in  a  disgracefully 
dirty  condition  inside,  being  coated  to  a  depth  of  two  inches  with  a  thick,  slimy 
deposit,  which  with  ordinary  care  might  have  been  readily  removed.  There  was, 
therefore,  every  appearance  that  the  boiler  had  been  altogether  maltreated,  and 
that  the  explosion  was  one  of  those  that  are  simply  due  to  neglect,  and  which  may 
be  prevented  by  common  care. 

"  It  is  added  with  pleasure,  however,  that,  on  the  occurrence  of  the  explosion,  the 
proprietors  of  the  works  had  some  three  or  four  of  the  boilers  rooted  out,  and  are 
having  them  replaced  by  new  ones. 

"  It  was  given  in  evidence  that  the  boilers  were  examined  and  cleaned  out  every 
fortnight,  as  a  rule,  but  sometimes  as  often  as  once  a  week ;  and  that  it  was  the 
especial  duty  of  the  head  engineman  to  see  that  the  plates  were  properly  freed  from 
deposit  and  incrustation.  The  fireman  stated  that  after  the  last  occasion  on  which 
the  boilers  were  cleaned  out,  when  it  had  been  done  by  two  boys,  he  had  himself 
made  an  internal  examination,  and  found  that  all  was  right,  adding,  that  part  of 
the  brickwork  of  the  boiler  had  been  removed  some  time  since,  when  the  under 
portions  were  exposed,  but  no  defects  discovered  or  reported  to  the  manager.  The 
ennineman,  whose  duty  it  was  to  report  when  the  boilers  were  out  of  order,  had 
never  noticed  anything  to  justify  him  in  so  doing.  The  blacksmith,  who  repaired 
the  boiler  when  necessary,  stated  that  it  was  thoroughly  examined  three  weeks 
before  the  explosion,  and  he  considered  that  the  boiler  was  safe  at  the  pressure 
at  which  it  was  working  the  moment  it  burst,  in  which  opinion  the  fireman  and 
engineman  agreed.  The  manager  had  not  received  any  reports  of  the  boiler's  being 
in  a  defective  condition,  and  had  no  suspicion  of  its  being  out  of  order;  so  that  it 
appears  that  the  fireman,  the  engineman,  the  blacksmith,  and  the  manager  all 
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agreed  in  thinking  the  boiler  well  attended  and  perfectly  safe  up  to  the  moment  of 
its  explosion. 

u  A  comparison  of  the  actual  condition  in  which  the  boiler  was  found  on  examin- 
ation, with  that  in  which  it  was  supposed  to  be  by  those  who  had  it  in  charge,  may 
serve  to  show  the  value  of  an  independent  system  of  periodical  inspection. 

"  The  coroner  charged  the  jury  that  it  appeared  from  the  evidence  that  every- 
thing had  been  done  which  human  foresight  could  suggest  to  prevent  the  explosion, 
and  therefore  it  was  his  duty  to  direct  them  to  return  a  verdict  of  'Accidental 
Death,'  in  accordance  with  which  the  jury  found  that  'the  deceased  was  killed  by 
the  accidental  explosion  of  a  steam  boiler.'  Another  inquest  followed  in  the  course 
of  a  few  days,  in  consequence  of  the  second  death  that  resulted  from  the  explosion, 
when  a  similar  verdict  was  returned. 

"  Since  these  reports  are  entirely  void  of  all  personalities,  no  names  being  given 
either  of  individuals,  works,  or  localities,  the  object  being  to  discuss  these  explo- 
sions merely  in  a  scientific  light  for  the  purpose  of  their  prevention,  and  the  saving 
of  human  life,  it  may  not  be  thought  out  of  place  to  suggest  the  inquiry  whether 
such  an  inquisition  as  that  just  referred  to,  and  which  is  by  no  means  an  isolated 
specimen,  does  not  rather  hush  up  than  promote  investigation,  and  conceal  rather 
than  elicit  and  ventilate  the  truth.  At  all  events,  it  would  appear  that  there  is  yet 
considerable  necessity  for  the  persevering  publication  of  the  real  cause  of  these  fre- 
quent explosions,  by  which  so  much  property  is  annually  lost,  and  so  many  lives 
are  sacrificed. 

"No.  18  explosion  took  place  at  a  colliery,  at  half-past  nine  on  the  morning  of 
Monday,  April  10.  By  it  three  persons  were  injured,  but  fortunately  no  lives 
were  lost. 

"The  boiler  was  externally-fired,  and  of  plain  cylindrical  construction,  with  flat 
ends,  which  were  flanged  and  rivet  ted  to  the  shell,  without  angle  iron,  its  length 
being  28  feet,  its  diameter  5  feet,  the  thickness  of  the  plates  from  three-eighths  to 
seven-sixteenths  of  an  inch  throughout,  and  the  ordinary  pressure  of  the  steam 
about  55lb.  per  square  inch. 

"  The  boiler  gave  way  at  the  front  end  plate,  which  was  completely  separated 
from  the  rest  of  the  shell,  being  rent  round  its  entire  circumference  through  the 
solid  metal  at  the  root  of  the  flange. 

"The  main  portion  of  the  shell  was  thrown  backwards  in  a  straight  line  with 
the  seating,  knocking  down  the  chimney  in  its  course,  and  falling  to  the  ground  at 
a  distance  of  about  56  yards  from  its  original  position,  while  the  front  end  was 
thrown  much  further  in  the  opposite  direction,  striking  in  its  flight  the  winding 
gear  at  the  top  of  the  pit,  and  cutting  through  one  of  the  ropes  as  it  was  either 
raising  or  lowering  a  skip  in  the  shaft.  The  skip  was  precipitated  to  the  bottom, 
but  it  fortunately  had  no  workmen  in  it  at  the  time,  and  no  loss  of  life  resulted 
therefrom. 

"  Examination  left  no  room  for  doubt  as  to  the  cause  of  the  explosion.  The  flat 
ends  of  the  boiler  were  very  insecurely  stayed.  Instead  of  being  stiffened  with  gussets, 
which  would  have  rendered  thein  perfectly  safe,  they  depended  entirely  on  a  single 
longitudinal  stay,  made  of  iron  l|  inches  square,  while  this  was  not  in  one  length, 
but  composed  of  two  bars  insecurely  coupled  together  in  the  middle  by  means  of  two 
small  bolts.  The  two  parts  of  this  stay  were  found  to  be  entire,  one  of  them  attached 
to  the  front  end  of  the  boiler,  and  the  other  to  the  back,  so  that  it  appears  that  the 
joint  in  the  middle  had  failed  in  the  first  instance,  and  then  the  front  end,  being 
deprived  of  its  support,  had  given  way  under  the  strain.  These  end  plates  should 
have  been  strengthened  with  ordinary  gusset  stays,  and  had  that  been  done,  the 
explosion  would  not  have  happened,  so  that  its  occurrence  is  attributable  simply 
to  the  mal-construction  of  the  boiler." 


INSTITUTION  OF  CIVIL  ENGINEERS. 

The  paper  read  was  "On  Uniform  Stress  in  Girder  Work;  illustrated  by  reference 
to  two  bridges  recently  built,"  by  Mr.  Callcott  Reilly,  Assoc.  Inst.  C.E. 

This  communication  was  suggested  by  a  previous  discussion  at  the  Institution, 
when  Mr.  Phipps  (M.  Inst.  C.E.)  condemned  the  trough-shaped  section,  commonly 
adopted  for  the  top  and  bottom  members  of  truss  girders,  because  the  intensity, 
per  square  unit,  of  the  stress  upon  any  vertical  cross  section  was  necessarily  variable, 
when  the  connection  of  the  vertical  web  with  the  trough  was  made  in  the  usual 
manner.  In  the  construction  of  the  iron  work  of  the  two  bridges  under  considera- 
tion, attention  was  invited  chiefly  to  those  details  which  were  designed  with  the 
object  of  carrying  out,  as  nearly  as  possible,  in  every  part  of  the  girders,  the  con- 
dition of  uniform  stress. 

After  alluding  to  the  distinction  drawn,  by  Professor  Rankine,  between  the 
words  "strain"  and  "stress,"  and  to  his  definition  of  "uniform  stress,"  in  which 
the  "  centre  of  stress"  or  "  centre  of  pressure"  must  be  coincident  with  the  centre 
of  gravity  of  the  surface  of  action,  and  of  "  uniformly  varying  stress,"  when  the 
centre  of  gravity  deviated  from  the  "centre  of  stress"  in  a  certain  known  direction, 
it  was  remarked  that  the  failure  cf  .any  member  of  a  girder  would  begin  where  the 
resistance  to  strain  was  really  least,  that  was,  where  the  intensity  of  the  strain  was 
greatest ;  from  which  it  followed  that  the  opinion  which  upheld  as  right  in  principle 
tho  trough-shaped  section,  as  applied  in  the  usual  manner,  must  be  a  mistake. 
And,  moreover,  every  form  of  section,  of  any  member  of  a  girder,  or  other  frame- 
woik,  which  did  not  admit  of  the  approximate  coincidence  of  the  centre  of  stress 
with  its  centre  of  gravity  was  liable  in  degree  to  the  same  objection. 

The  two  bridges  illustrated  different  conditions  of  loading;  one  carrying  the 
platform  on  the  top,  the  other  having  the  platform  between  the  main  girders  near 
the  bottom.  Both  were  of  wrought  iron,  and  both  exhibited  an  economy  of  material 
in  the  main  girders,  that,  so  far  as  the  author  was  aware,  was  not  common,  at 
least  in  this  country.  In  order  to  determine  the  causes  of  this  economy,  a  com- 
parison was  made  with  two  other  forms  of  truss  more  generally  adopted.  In  one 
bridge,  over  the  River  Desmochado,  on  the  line  of  the  Central  Argentine  Railway, 
the  pair  of  trusses,  93  feet  4  inches  span  between  the  centres  of  bearings,  was 
designed  to  carry,  in  addition  to  the  fixed  load,  a  moving  railway  load  of  1  ton  per 
foot  of  span  for  a  single  line  of  way,  with  a  maximum  intensity  of  stress  of  5  tons 
per  square  inch  of  tension,  and  of  3.j  tons  per  square  inch  of  compression ;  and  the 
total  weight  of  wrought  iron  in  the  framework  of  the  pair  of  trusses  was  18  tons. 


The  cast  iron  saddles,  rivet  ted  on  at  the  ends,  weighed  9  cwt. ;  if  these  were 
included,  the  weight  of  iron,  both  wrought  and  cast,  in  the  pair  of  trusses,  was 
under  4  cwt.  per  lineal  foot  of  span. 

The  other  bridge  over  the  Wey  and  Arun  Canal,  on  the  Horsham  and  Guilford 
Railway,  was  80  feet  span  between  the  centres  of  bearings;  it  was  designed  to 
carry,  in  addition  to  the  fixed  load,  a  moving  load  of  1*875  ton  per  foot  of  single 
line  of  way,  at  the  same  maximum  intensity  of  stress  as  in  the  other  case;  and 
the  total  weight  of  wrought  iron  in  the  pair  of  trusses  was  20  tons  18  cwt.  The 
cast-iron  saddles  weighed  5^  cwt.  each;  bringing  up  the  weight  of  both  wrought 
and  cast  iron  in  the  pair  of  trusses  to  5j  cwt.  per  lineal  foot  of  span.  This  weight 
was  greater  than  in  the  first  bridge,  although  the  span  was  less;  but  the  intensity 
of  the  moving  load  was  87£  per  cent,  greater,  and  the  roadway  lying  between  the 
trusses  instead  of  on  the  top,  its  weight  was  necessarily  much  greater.  The  cross 
girders  were  also  heavier,  each  being  adapted  to  support,  separately,  the  heaviest 
load  that  could  be  brought  on  by  a  driving  axle  weighted  with  16  tons;  the 
moving  load  thus  brought  upon  each  cross  girder,  and  to  which  its  strength  was 
proportioned,  was  18  tons,  equal  to  2£  tons  per  foot  of  span  of  bridge. 

The  particular  form  of  truss  chosen  for  these  two  bridges  was  that  extensively 
known  in  the  United  States  as  the  Murphy- Whipple  Truss.  Each  of  these  trusses 
was  minutely  compared,  according  to  the  plan  adopted  on  a  previous  occasion  by 
Mr.  Bramwell  (M.  Inst.  C.  E.),  with  two  equivalent  trusses  of  the  types  generally 
used  in  this  country,  viz.,  the  Warren  truss,  with  bars  making  an  angle  of  63°  26' 
with  the  horizon,  and  the  simple  diagonal  truss  with  two  sets  of  triangles,  the 
bars  crossing  each  other  at  the  angle  of  45°  ;  the  various  circumstances  of  ratio 
of  depth  to  span,  which  was  as  1  to  10,  and  of  application  and  distribution  of 
load,  and  consequently  the  number  and  position  of  the  loaded  joints,  beiug  common 
to  the  three  trusses. 

The  details  of  the  comparison  were  fully  given  in  the  paper,  and  the  proportionate 
results  arrived  at  in  the  two  cases  were  exhibited  in  the  following  tables,  relating 
to  the  trusses  of  the  two  bridges,  contrasted  respectively  with  the  other  equivalent 
trusses: — 

BRIDGE    NO.    I.,    WITH    LOAD   OX   THE    TOP. 


No.  1. 

No.  n. 

No.  1  B. 

Murphy- Whipple 

Warren 

Diagonal 

Truss. 

Truss. 

Truss. 

Units. 

Units. 

Units. 

250 

237-5 

227 

Weight  of  transverse  stif- 

fening to  struts 

17-4 

2D-2 

42-2 

Excess      of      practicable 

minimum    over    theo- 

retical minimum.. 

Total  weight,  exclusive  of 

6-18 

11-5 

316 

joints  and  packings 

273-58 

278.2 

300-8 

From  this  it  appeared  that  the  least  practicable  weight  of  No.  1  truss  was  less 
than  that  of  No.  1a  by  only  1*7  per  cent.  It  might,  therefore,  be  said  that, 
practically,  the  two  trusses  were  equal  in  point  of  economy;  and  that  there  could 
be  no  motive  for  preferring  one  to  the  other,  except  such  as  might  arise  from  con- 
siderations of  workshop  convenience  aud  facility  of  construction.  The  advantage, 
in  point  of  economy  of  weight,  of  No.  1  over  No.  In,  was  more  decided,  being  10 
per  cent.,  sufficient,  it  was  submitted,  speaking  generally,  and  without  denying 
that  special  circumstances  might,  in  particular  cases,  justify  a  choice  of  the  heavier 
truss,  to  entitle  No.  1  to  a  preference  over  No.  1b. 

BRIDGE    NO.    IL,    WITH    LOAD    ON   THE    BOTTOM. 


Weight  of  transverse  stif- 

No.  2. 

Murphy- Whipple 

Truss. 

No.  2  A. 
Warren 
Truss. 

No.  2  b. 

Diagonal 

Truss. 

Units. 
237-8 

6-6 
11-98 

Units. 
237-5 

161 
1342 

Units. 
228 

26 
32-82 

Excess      of     practicable 
minimum    over    theo- 

Total  weight,  exclusive  of 
joints  and  packings.... 

256-38 

267-02 

28682 

It  thus  appeared  that  No.  2  Truss  was  lighter  than  either  of  the  others,  by  4*15 
and  11*87  per  cent,  respectively. 

With  regard  to  the  peculiarities  of  detail  of  the  two  bridges,  it  was  remarked 
that,  in  order  that  the  stress  might  be  uniformly  distributed  over  the  surface  of 
any  cross  section  of  either  "  boom,"  it  was  necessary  that  the  two  halves  of  the 
double  web  of  each  truss  should  each  support,  exactly,  one-half  the  load  upon  that 
truss.  This,  it  was  urged,  could  not  be  realized  by  the  ordinary  modes  of  fixing 
the  cross  girders ;  but,  in  the  cases  under  consideration,  it  was  arrived  at,  by 
supporting  the  cross  girders  in  the  middle  of  the  width  of  the  truss.  Thus,  in 
Bridge  No.  I.,  each  cross  girder  rested  upon  a  light  cast-iron  saddle,  or  bridge, 
which  spanned  the  width  of  the  top  boom,  and  had  its  bearing  partly  upon  the  top 
edges  of  the  vertical  struts,  and  partly  upon  rivets  passing  through  it,  the  struts, 
and  the  vertical  side-plates  of  the  top  boom ;  in  such  a  way  that  the  line  of  action 
of  the  vertical  force,  transmitted  from  the  cross  girder  to  the  truss,  coincided 
exactly  with  the  vertical  centre  line  of  its  width.  In  Bridge  No.  II.  a  different 
arrangement  was  necessary.  In  that  case  each  vertical  strut  consisted  of  two 
pairs  of  angle  irons,  separated,  in  the  plane  of  the  truss,  by  a  space  just  wide 
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enough  to  permit  the  end  of  the  cross  girder  to  pass  in  between  the  pairs.  At  the 
same  level  as  the  cross  girder,  a  plate  was  riveted  to  each  pair  of  angle  irons ;  and 
to  the  centres  of  these  plates  the  cross  girder  was  also  riveted,  so  that  the  weight 
was  equally  divided  between  the  four  vertical  angle  irons,  and  the  resulting  stress 
was  equally  distributed  between  the  two  halves  of  each  boom.  In  both  bridges, 
the  centre  lines  of  the  vertical  struts,  the  diagonal  ties,  and  the  top  and  bottom 
booms,  intersected  each  other  at  the  centre  of  gravity  of  the  group  of  rivets,  which 
attached  each  strut  and  tie  to  the  boom,  and,  in  order  to  satisfy  the  condition  of 
uniform  stress,  all  the  centre  lines  were  axes  of  symmetry.  In  the  top  booms  of 
both  bridges,  a  section  had  been  adopted  which  was  believed  to  be  new.  It  was 
somewhat  like  an  elongated  capital  letter  \-\,  or  like  a  common  plate  girder  placed 
upon  its  side;  the  horizontal  web,  or  diaphragm,  being  only  sufficiently  thick  to 
insure  lateral  stiffness.  In  this  section  all  the  centre  lines  were  axes  of  symmetry, 
and  consequently  intersected  each  other  in  its  centre  of  gravity;  and  the  horizontal 
axes  were  easily  made  to  intersect  the  centres  of  gravity  of  the  web  joints.  The 
chief  mass  of  metal  was  also  placed  immediately  contiguous  to  the  bars  of  the 
web,  which  transferred  the  stress  to  the  boom,  instead  of  being  at  some  distance 
from  them,  as  in  the  trough-shaped  and  ~|~-shaped  fonn  of  boom.  The  material 
was  likewise  disposed  in  the  best  possible  manner  for  resisting  vibration ;  while  this 
section  gave  complete  facilities  for  examination  and  painting.  The  ends  of  each 
truss  rested  upon  hinged  bearings,  by  means  of  cast-iron  saddles  riveted  to  the 
junction  of  the  endmost  bars  of  the  truss,  rollers  being  provided  at  one  end. 

The  means  adopted,  in  the  design  of  these  girders,  to  obtain  the  utmost  economy 
of  weight,  consistent  with  moderate  economy  of  workmanship,  were — the  closest 
practicable  approximation  of  the  average  strength  to  the  minimum  strength;  the 
observance  throughout  of  the  condition  of  uniform  stress,  in  order  that  all  the 
compressed  members  might  be  trusted  with  the  least  possible  weight  of  stiffening ; 
the  preference  of  riveted  web  joints  to  those  formed  by  single  pins  ;  and  such  an 
arrangement  of  the  riveting,  that  every  bar  or  plate  subject  to  tension  should  have 
its  whole  width,  less  the  diameter  of  only  one  rivet-hole,  available  to  resist  the 
tensile  force  applied  to  it. 

Lastly,  the  author  demonstrated  the  true  value  of  the  condition  of  uniform  stress, 
by  an  exact  comparison  of  the  state  of  a  bar  of  the  top  boom  of  the  truss  of  Bridge 
Xo.  II.,  when  under  uniform  stress,  with  that  condition  of  unequally  distributed 
stress  that  would  occur,  if  the  boom  had  a  suitable  trough-shaped  section  of  equal 
area,  breadth  and  depth,  and  therefore  of  equal  nominal  value ;  the  elasticity  of 
the  material  being  assumed  as  perfect.  The  first  case  considered  was  where  the 
stress  was  uniform  in  intensity,  and  the  second  in  which  the  stress  was  unequally 

x  L  P  ■ 
distributed.     The  final  result  was  denoted  by  the  equation  p  =pQ  -\ ; — -  and 

applying  this  formula  *  to  the  case  of  the  trough-shaped  section  of  boom,  supposed 
to  be  equivalent  to  the  H -shaped  section  actually  used,  the  following  was  obtained : 
— The  area  of  section  was  exactly  the  same,  being  3617  square  inches.  The 
inside  depth  of  the  trough,  10  inches,  would  permit  precisely  the  same  disposition 
of  the  rivets  in  the  web  joint,  so  that  the  centre  of  pressure  was  situated  at  the 
same  perpendicular  distance,  5  inches,  from  the  lower  edges  of  the  trough,  as  from 
the  edge  of  the  H-Shaped  section  actually  used.  The  centre  of  gravity  was  found 
to  be  situated  at  8"088  inches  perpendicular  distance  from  the  lower  edge  of  the 
trough,  and  2'537  inches  from  the  top  edge.  The  magnitude  of  the  total  stress 
upon  the  section  was  125  tons.  The  uniform  intensity  of  this  stress  was  3"45 
tons  per  square  inch;  and  the  moment  of  inertia,  with  respect  to  the  axis,  was 
336*S92.  From  these  data  the  greatest  stress  was  found  to  be  12'717  tons  per 
square  inch  at  the  extreme  edges  or  corners  of  the  sides,  and  the  least  intensity 
0'544  ton  per  square  inch  along  the  extreme  bottom  of  the  trough.  In  this  result 
the  effect  of  flexure  was  purposely  omitted. 

In  summing  up  the  conclusions  sought  to  be  established,  it  was  submitted  that — 

First.  A  comparatively  small  deviation  of  the  centre  of  stress,  upon  the  cross 
section  of  any  bar,  of  any  piece  of  framework,  from  the  centre  cf  gravity  of  that 
section,  produced,  within  the  limits  of  elasticity,  a  very  great  inequality  in  the 
distribution  of  the  stress  upon  that  section. 

Secondly.  If  it  were  conceded  that  the  real  strength  of  every  structure  was 
inversely  proportional  to  the  greatest  strain  suffered  by  its  weakest  member,  then 
the  existence  of  this  unequal  distribution  of  the  stress  must  be  detrimental  to  the 
strength  of  any  structure  in  which  it  existed,  and  which  had  been  designed  on  the 
supposition  that  the  mean  intensity  of  the  stress  upon  any  bar  was  necessarily  a 
correct  measure  of  its  strength. 

Thirdly.  There  was  no  practical  or  theoretical  difficulty  in  designing  a  truss  or 
girder,  in  which  the  stress  upon  every  cross  section,  of  all  the  important  members 
at  all  events,  should  be  absolutely  uniform. 

Fourthly.  The  condition  of  uniform  stress  was  perfectly  consistent  with  the 
utmost  economy  of  material,  in  the  structure  to  which  it  was  applied. 


ROYAL  GEOLOGICAL  SOCIETY  OF  IRELAND. 

Ox  Wednesday,  12th  April,  there  was  a  general  meeting  of  this  society.  The 
chair  was  taken  by  Dr.  Carte. 

A  recommendation  from  the  Council  that  Captain  R.  F.  Burton,  her  Majesty's 
Consul  at  Santoz,  be  elected  an  honorary  fellow,  was  carried  unanimously. 

Mr.  \V.  H.  S.  Westropp  read  a  paper  "  On  a  Trap  Rock  at  Bray  Head,  County 
Wicklow,"  of  which  the  following  is  an  abstract : — The  rock,  which  is  a  greenstone, 
was  discovered  by  Professor  Harkness,  who  told  M.  Jukes  of  his  having  found  it. 
Mr.  Jukes  showed  it  to  the  writer,  by  whom  it  was  examined  in  detail.  After 
describing  the  position,  mode  of  occurrence,  and  nature  of  the  rock,  Mr.  Westropp 

*  Tn  this  formula,  p  is  the  intensity  of  the  stress  per  unit  of  area  at  the  distance  x  from 
the  neutral  axis  of  the  stress,  which  intersects  the  centre  of  gravity  of  the  section. 
7>0  is  the  intensity  of  the  stress  considered  as  uniformly  distributed  over  the  surface  of 
section— that  is,  the  total  stress  P  upon  the  entire  surface  of  section  divided  by  the  area 
of  that  surface.  L  is  th<*  perpendicular  distance  of  the  centre  of  pressure  from  the 
neutral  axis,  and  I  is  the  moment  of  inertia  of  the  surface  with  respect  to  that  axis,  x 
Is  +  or  —  according  as  it  is  measured  on  one  side  or  the  other  of  the  neutral  axis.— C.  B. 


brought  forward  arguments  to  prove  that  it  was  an  intrusive  trap,  for  it  might  be 
seen  sending  veins  into,  and  cutting  across  beds  of,  the  adjacent  sedimentary  rocks. 
He  concluded  by  observing,  that  while  there  was  such  a  profusion  of  igneous  rocks 
associated  with  the  Cambro-silurian  deposits  of  Wicklow,  it  was  rather  remarkable 
that  one  small  greenstone  dyke  at  Greystones,  and  the  trap  rock  he  had  just 
described,  were  the  only  ones  which  had  yet  been  found  in  the  Cambrian  rocks  of 
the  same  county. 

The  paper  was  illustrated  by  diagrams,  and  by  some  interesting  specimens  of 
greenstone  veins  penetrating  slate. 

Professor  Jukes  could  understand  his  having  been  perplexed  at  the  ashy  appear- 
ance of  some  of  the  branching  veins  which  he  bad  described,  because  he  himself 
had  been  occasionally  perplexed  as  to  whether  particular  masses  of  trap  were  ash 
or  were  crystalline  rock  decomposed.  But  the  fact  that  the  greenstone  which  he 
described  as  running  persistently  between  two  beds  in  the  upper  part  of  the  moun- 
tain split  into  two  or  three  beds  below — a  circumstance  which  he  had  not  been 
previously  aware  of — proved  that  the  greenstone  was  intrusive.  The  small  veins 
issuing  from  it  were  an  additional  proof  to  the  same  effect.  Such  intrusions  were 
not  uncommon.  He  knew  of  beds  of  greenstone  running  evenly  between  other 
beds  for  miles  of  length  and  breadth,  preserving  almost  the  same  thickness  through- 
out, and  not  producing  any  appreciable  alteration  in  the  beds  above  or  below. 
Mr.  Westropp's  remark  as  to  the  great  abundance  of  traps  in  the  lower  silurian 
rocks  of  that  district,  and  their  comparative  fewness  in  the  Cambrian  rocks,  was 
also  deserving  of  attention.  This  was  the  case  in  some  of  the  districts  in  Wales, 
the  character  of  which  was  Cambrian,  but  without  quartz,  and  the  mountains  of 
which  rose  to  two  or  three  thousand  feet  above  the  level  of  the  sea.  When  he  first 
surveyed  North  Wales,  in  conjunction  with  Mr.  Selwyn,  who  was  now  surveyor  of 
Victoria,  in  Australia,  after  they  had  mapped  the  country,  Mr.  Selwyn  was  obliged, 
in  consequence  of  not  distinguishing  between  greenstones  and  what  they  thought 
were  merely  hard  grits,  to  spend  some  months  in  going  over  the  whole  ground  and 
hammering  every  suspicious-looking  rock,  for  it  was  only  in  that  way  that  crystal- 
line greenstones  could  be  known  from  green  silicious  grits.  Any  one  examining 
that  country  would  see  minute  red  lines,  and  appearances  of  igneous  rocks  running 
down  the  cuttings.  In  the  neighbouring  district  were  lower  silurian  beds,  in  which 
there  were  trap  rocks  of  all  kinds  in  great  quantities,  and  of  great  thickness.  It 
was  clear  that  the  trap  in  the  lower  silurian  must  have  come  up  through  Cambrian, 
and,  therefore,  it  was  at  first  sight  odd  that  there  should  be  so  little  trap  in  the 
Cambrian  where  that  only  was  exposed  to  view,  and  such  an  immense  development 
of  it  in  the  silurian.  But  this  might  be  accounted  for  by  the  supposition  that  the 
trap  had  passed  through  channels  or  pipes  of  communication,  like  the  basalt  which 
overspread  an  area  of  1200  square  miles  in  the  county  Antrim,  with  a  thickness 
of  from  400  to  500  feet,  and  which  was  believed  to  have  resulted  from  the  boiling 
up  of  igneous  rocks,  in  a  state  of  fusion,  through  narrow  dykes. 

Mr.  W.  H.  Baily,  F.G.S.,  read  his  paper  on  "  Some  Additions  to  the  Structure 
of  Palaechinus,"  of  which  the  following  is  an  abstract : — Mr.  Baily  stated  that 
since  his  last  communication  to  the  society  on  this  subject  he  had  been  enabled  to 
examine  an  additional  specimen  of  Pala?chinus  ellipticus  from  a  block  of  limestone 
used  in  the  county  Limerick.  Mr.  Baily  remarked  that  this  fossil  was  in  the  state 
of  a  cast,  the  matrix  in  which  it  had  been  imbedded,  having  retained  the  test  or 
shell,  had  been  left  behind,  and  he  urged  the  necessity  upon  collectors  of  preserving 
both  sides  of  a  specimen,  one  of  which  often  served  to  elucidate  particular  places 
which  may  have  been  obscure  on  the  other.  This  fossil  exhibited  some  particulars 
with  regard  to  the  structure  of  its  shell  with  which  we  were  not  before  acquainted. 
In  the  first  instance,  there  was  good  evidence  of  a  mouth  opposite  to  the  apical 
disk,  corresponding  with  a  similar  arrangement  of  parts  in  the  recent  Echini,  the 
parts  appearing  to  have  terminated  in  a  slightly  reflected  edge.  The  arrangement 
of  the  apical  disk  alone  in  Palaechinus,  corresponding,  as  it  does,  so  generally  with 
more  recent  forms  of  Echini,  would  entirely  set  aside  the  notion  as  to  their  having 
been  provided  with  stalks  like  the  crinoids,  and  in  his  opinion  proved  them  to  have 
been  more  nearly  related  to  the  free  Echinoderons,  of  which  the  recent  Echinus 
is  a  typical  example. 

The  last  business  was  the  exhibition,  by  Captain  Hutton  and  Dr.  Frazer,  of 
some  specimens  of  serpentine  and  other  rocks  for  examination  under  the  microscope. 

Dr.  Frazer  said  that  when  Dr.  Dawson  had  announced  the  discovery  of  some 
microscopic  fossils,  which  he  had  named  Eozoon  Canadense,  in  the  serpentines 
of  the  Laurentian  period  in  Canada,  the  attention  of  microscopists  at  this  side  of 
the  Atlantic  was  directed  to  the  subject,  and  Dr.  Carpenter  had  published  some 
drawings  of  the  specimens  which  he  had  observed.  The  remains  examined  and 
drawn  by  Dr.  Carpenter  verified  perfectly  all  that  had  been  discovered  in  Canada. 
Mr.  Sandfort,  of  Somerset,  examined  specimens  of  Galway  serpentine,  in  which  he 
found  organic  traces  similar  to  those  exhibited  by  the  Canadian  serpentine.  Cap- 
tain Hutton  then  took  up  the  subject,  and  worked  it  out  in  an  excellent  manner. 
He  had  himself  seen  veritable  eozoa  in  the  Galway  serpentine. 

Professor  Jukes  asked  Dr.  Frazer  did  he  think  that  what  was  visible  in  the 
Connemara  marble  was  identical  with  what  was  apparent  in  the  Laurentian  serpen- 
tine; because  it  was  by  no  means  certain  that  the  rocks  of  Connemara  were 
geologically  the  same  as  the  Laurentian  rocks  of  Canada.  On  the  contrary,  he 
believed  the  balance  of  evidence  was  quite  the  other  way,  and  that  it  was  almost 
certain  that  they  were  not. 

Dr.  Frazer  said  that  the  microscopic  investigation  as  yet  made  was  vastly  too 
imperfect  to  warrant  any  conclusion  on  that  point.  They  were  certain  that  the 
three  varieties  of  serpentine  now  submitted  presented  organic  traces,  and  also  that 
between  these  traces  there  was  a  resemblance.  They  had  examined  serpentines 
from  many  other  localities,  and  had  found  nothing  of  the  kind  in  them,  while  these 
varieties  were  in  other  respects  homogeneous.  But  the  organic  traces  contained 
in  the  first  three  indicated  that,  so  far,  they  were  not  homogeneous  rocks.  As  to 
the  specific  details  of  difference  in  the  organic  remains,  these  were  yet  to  be  dis- 
covered. 

Mr.  Baily  doubted  that  the  thing  in  question  was  a  fossil  at  all.  He  had  seen 
in  serpentines  cellular  structures  that  might  easily  be  mistaken  by  enthusiastic 
persons  for  foramenifera.  As  to  gelatinous  bodies  being  preserved  as  fossils,  he 
did  not  believe  it  at  all.     The  supposed  fossil  in  the  green  Connemara  marble  was 
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now  said  to  be  a  distinct  species  from  that  found  in  Canada,  and  he  would  be  glad 
to  know  the  evidence  on  which  this  had  been  based. 

Captain  Hutton  asked  Mr.  Baily  to  name  the  serpentines  in  which  he  had  seen 
cellular  structures.  He  had  examined  upwards  of  a  dozen  specimens  from  Canada, 
Donegal,  Connemara,  and  other  localities,  and  the  specimens  from  the  three  localities 
named  were  quite  different  from  all  the  others. 

The  meeting  was  then  adjourned. 


MONTHLY    NOTES. 


Matter. — We  know  nothing  of  the  ultimate  atoms  of  particles  of  which  bodies 
are  made  up,  but  whatever  they  may  be,  and  whatever  be  their  size,  they  certainly 
are  not  in  contact,  and  they  are  probably  never  for  one  moment  at  rest,  for  every 
change  of  temperature  alters  their  mutual  distance  asunder.  This  is  only  another 
way  of  saying  that  heat  expands,  and  cold  contracts  all  known  substances.  The 
tire  of  a  wheel  is  put  on  by  the  wheelwright  while  hot,  in  order  that  when  it  cools  it 
shall  tighten  the  whole  structure.  Rails  laid  down  in  summer  to  touch  one  another 
will  be  found  separated  by  a  marked  interval  when  the  cold  weather  comes.  A 
hundred  similar  examples  might  be  given.  So  again,  when  matter  that  we  know 
to  be  made  up  of  one  or  more  elementary  substances  is  exposed  to  certain  influences, 
the  material  or  compound  may  become  changed.  Cast-iron  is  iron  combined  with 
a  little  carbon;  and  a  cast-iron  gun  left  at  the  bottom  of  the  sea  for  many  years  is 
found,  when  brought  up  again  and  examined,  to  have  lost  much  in  weight,  and 
while  retaining  its  external  form,  has  been  converted  into  another  combination  of 
iron  and  carbon.  Now,  however,  carbon  predominates  and  exists  in  that  curious 
form  known  as  graphite  or  black  lead.  Part  of  the  iron  has,  in  this  case,  been 
removed  and  replaced  by  additional  graphite  carbon.  Bones  of  animals,  or  frag- 
ments of  wood  buried,  or  even  merely  lying  on  the  surface,  become  converted  into 
flint,  which  exhibits  perfectly  the  minute  structure  of  the  animal  or  plant.  In 
these  cases,  and  in  many  others  equally  familiar,  it  has  been  possible  that  a  solid 
substance,  buried  out  of  sight,  or  exposed  to  no  other  than  ordinary  influences, 
should  have  had  some  or  all  of  its  atoms  removed,  and  each  one  as  it  is  removed 
replaced  by  a  corresponding  atom  of  some  other  substance,  either  simple  or  com- 
pound. Thus,  in  the  case  of  wood,  every  atom  of  carbon  has  been  replaced  by  a 
compound  atom  consisting  of  the  metal  silicium,  and  the  gas  oxygen.  In  the  new 
form  there  is  still  an  interval  between  the  atoms ;  but  whether  the  same,  or  greater, 
or  less,  we  cannot  tell.  All  we  know  is  that  the  dimensions  of  the  resulting  solid 
are  not  different  from  those  of  the  original. 

Respiratory  Apparati's. —  Monsieur  Galibert,  of  Paris,  has  invented  an 
apparatus  for  affording  a  supply  of  atmospheric  air  to  the  lungs  of  persons  working 
under  water,  or  in  places  filled  with  noxious  gases  or  smoke.  The  nose  of  the 
person  is  closed  by  a  pince-nez^  and  a  piece  of  horn  or  ivory,  pierced  with  two 
holes,  and  shaped  to  some  extent  like  the  mouth,  is  inserted  between  the  lips; 
adapted  to  eacli  of  these  holes  is  a  strong  india-rubber  tube,  capable  of  resisting 
pressure;  these  arc  fixed  to  the  waist  of  the  person,  and  then  connected  either  with 
the  outer  air,  if  this  can  be  arranged,  or,  if  not,  with  an  air-reservoir  made  of  the 
entire  skin  of  an  animal,  which  may  be  earned  on  the  back  like  a  knapsack,  and 
which  contains  a  supply  of  air  sufficient  for  a  quarter  or  half  an  hour.  The  person 
using  the  apparatus  should  first  apply  the  tongue  to  one  hole  and  take  a  long 
inspiration,  and  then  to  the  other  hole  during  expiration.  The  apparatus,  with 
air-reservoir,  is  intended  to  be  employed  by  persons  having  occasion  to  remain 
some  little  time  in  wells,  mines,  drains,  or  in  the  midst  of  smoke.  In  some  cases 
spectacles,  specially  calculated  to  protect  the  eves,  are  added.  When  used  under 
water,  no  air-reservoir  is  employed,  but  the  tubes  are  made  to  communicate  with 
the  air.  The  inventor  recommends  its  use  for  the  purposes  already  referred  to,  as 
well  as  in  cases  where  a  total  immersion  of  the  body  for  some  time  in  a  bath  is 
found  desirable. 

Hydraumc  Works  in  the  Douns. — A  very  important  work  is  about  to  be 
undertaken  in  the  department  of  the  Donbs,  in  France,  with  the  object  of  econo- 
mizing and  regulating  the  waters  of  the  lakes  of  Saint  Point  and  Remoray,  and  of 
improving  the  river  Doubs  from  the  lake  of  Saint  Point  to  the  point  where  the 
Doubs  empties  itself  into  the  Saone.  The  actual  level  of  the  lakes  is  to  be  lowered, 
200  acres  of  marshy  land  reclaimed,  and  the  drainage  of  the  entire  neighbourhood 
re-arranged ;  finally  the  lakes  will  be  deepened,  so  as  to  increase  and  regulate  the 
water  power,  which  is  used  by  ninety  factories  of  various  kinds  on  the  Doubs.  The 
cost  is  estimated  at  £90,000,  but  the  value  to  the  existing  factories  is  set  down  at 
.£'24,000;  and  it  is  expected  that  a  large  number  of  new  works  will  spring  up  in 
consequence  of  the  improvements  to  be  made. 

Treatment  of  Goi,i>  Ore. — Dr.  R.  P.  Wilson,  of  the  New  York  Chemical 
Refining  Company,  has  invented  a  process,  according  to  which  the  pulverized  ore 
is  forced  over  the  inner  surface  of  fire-clay  retorts  maintained  at  a  cherry-red 
heat.  The  ore  while  passing  through  the  retorts  is  continually  stirred,  thereby 
exposing  all  parts  of  the  ore  repeatedly  to  the  heating  surface.  While  the  ore  is 
being  conducted  through  the  series  of  retorts  a  current  of  air  and  steam  combined 
intermingles  with  it,  causing  the  ores  to  be  rapidly  oxidized.  The  chemical  changes 
that  occur  in  the  above  process  are  those  demanded  by  the  true  conditions  of  desul- 
phurization.  The  heat  is  applied  in  such  manner  as  to  gradually  increase  to  the 
discharging  receiver.  The  furnace  is  very  compact,  and  requires  but  a  small  amount 
of  power  to  work  it. 

Production  of  Cyanogen. — Mr.  W.  H.  Tooth,  of  Stepney,  has  patented  a 
gas  generator,  intended  for  the  production  of  carbonic  acid,  carbonic  oxide,  carbu- 
retted  hydrogen,  and  cyanogen  gases,  which  consists  of  a  large  chamber,  having  an 
iron  outer  casing,  lined  with  fire-bricks,  and  is  divided  by  a  perforated  dome  or 
arches,  placed  two  or  three  feet  from  the  bottom,  into  two  compartments,  an  upper 
and  a  lower.  A  suitable  number  of  fire-places,  according  to  the  size  of  the  furnace, 
are  placed  around  the  outside  of  or  near  the  bottom  of  the  chamber,  so  that  the 
heat  and  gases  generated  in  the  fire-places  will  completely  envelope  the  inner 
chamber,  and  will  decompose  the  atmospheric  air  supplied  to  produce  combustion. 


Vancouver's  Island.— A  gold  field  has  been  discovered  at  Soke,  about  20 
miles  from  Victoria ;  copper  has  also  been  discovered  there;  and  30,000  tons  of 
coal  were  exported  from  the  island  last  year. 

Titanium. — This  most  valuable  metal  has  hitherto  been  found  in  only  small 
quantities;  it  is  of  the  greatest  service  in  hardening  iron,  and  rendering  it  steel- 
like,  or  rather  of  a  harder  character  than  steel,  and  at  the  same  time  more  flexible. 
It  is  said  to  render  the  surface  of  rails  almost  everlasting,  and  that  it  is  almost  free 
from  oxidization.  We  understand  that  a  company  is  being  established  for  mining 
it  extensively,  and  that  it  is  likely  to  lead  to  great  results  in  the  manufactures  of 
the  world  in  various  shapes  and  forms  of  metallic  structure,  for  which  iron  and 
steel  are  not  so  appropriate  as  they  are  when  mixed  with  this  new  metal. 

Digging  and  Treating  Peat. — The  machine  for  this  purpose  patented  by 
Mr.  James  Hodges,  of  Bagshot,  consists  of  a  long  rectangular  vessel,  constructed 
by  preference  of  iron,  so  as  to  be  water-tight,  and  capable  of  floating  when  placed 
on  water.  The  vessel  is  decked  over,  and  formed  with  suitable  platforms,  or 
stagings,  to  support  the  working  machinery  placed  thereon.  At  the  fore  end  are 
rotatory  cutting  shafts,  driven  by  steam  or  otherwise ;  these  shafts  can  be  raised  or 
lowered  to  regulate  the  depth  of  cut.  The  edges  of  the  cutters  radiate  from  the 
centres  of  their  respective  shafts,  and  the  cutter  blades  are  spiral,  so  that  the  edges 
penetrate  the  peat.  These  blades  work  in  a  chamber  perforated  with  holes,  the 
peat  being  raised  by  the  screw  cutters,  and  pressed  through.  The  peat  is 
then  raised  by  an  endless  chain  of  buckets,  and  pressed  between  rollers.  The  peat 
is  then  moulded,  stacked,  and  dried. 

Tool  for  Jointing  Telegrapii-Line  Wires. — M.  Poitou,  of  Tours,  has  con- 
structed an  ingenious  tool  for  making  the  joint  known  among  electrical  men  as  the 
11  brittannia  joint."  Hitherto  the  joints  in  line  wires  have  been  made  in  two  ways — 
the  earliest  and  simplest  is  that  above  referred  to,  which  is  made  by  laying  the  end  of 
the  wires  together  for  a  length  of  two  or  three  inches,  binding  them  with  a  thinner 
wire,  and  soldering;  the  other  method,  of  American  origin,  is  by  twisting  the  ends 
around  each  other  with  the  aid  of  a  hand  lever,  and  soldering.  The  latter  process  is 
difficult,  and  with  very  heavy  wires  impracticable.  Joints  have,  of  course,  to  be  made 
on  the  spot,  and  are  in  consequence,  as  a  rule,  irregularly  made.  M.  Poitou  proposes 
to  remove  the  disadvantages  arising  from  this  cause  by  the  employment  of  the  little 
machine  shown  in  figs.  1  and  2.     Upon  the  wooden  reel,  A,  is  wound  a  length  of 


Fig.  1. 


Fig.  2. 


binding  wire,  by  means  of  the  handle,  b.  Parallel  with  this  reel  is  the  hollow  iron 
cylinder,  c,  in  which,  in  two  halves,  lengthways,  an  eccentric  tube  of  wood  is  placed, 
so  that  the  hole,  e,  stands  opposite  to  a  hole,  d,  in  the  iron  cylinder.  The  binding 
wire  is  wound  once  or  twice  round  the  ends  of  the  line  wires,  which  meet  through 
opposite  ends  of  the  hole,  e.  The  subsequent  binding  is  easily  done  by  holding  the 
wires  together  tightly  with  both  hands,  while  with  the  thumb  of  one  hand,  and  the 
forefinger  of  the  other,  the  tool  is  turned  round.  The  binding  wire  winds  itself 
round  the  wires  regularly,  and  does  not  occupy  a  third  of  the  time  necessary  to  make 
the  same  joint  with  the  hand  alone.  It  is  not  necessary  to  solder  the  ends  of  the 
wires  together  before  binding  the  joint;  it  is  sufficient  if  the  ends  are  twined  by 
being  dipped  into  a  solution  of  chloride  of  zinc,  and  into  a  bath  of  molten  tin.  They 
can  then  be  soldered,  and  it  will  be  found  that  the  solder  penetrates  into  the  spaces, 
and  makes  a  most  complete  joint. 

A  Feat  in  Casting. — At  the  meeting  of  the  Polytechnic  Association  of  the 
American  Institute,  on  March  30,  Mr.  Norman  Wiard  described  a  novel  method 
adopted  by  him  for  casting  an  iron  tunnel.  When  the  preparations  for  casting  his 
great  gun  were  nearly  completed,  a  need  was  discovered  for  a  broad  flat  tunnel 
some  10  feet  in  diameter.  Not  having  conveniences  at  hand  for  making  it  of 
boiler  plate,  it  was  necessary  to  cast  it,  and  as  there  was  not  time  to  make  a  pattern 
he  determined  to  cast  it  flat,  and  attempt  to  shrink  it  into  dish  form  as  it  cooled. 
He  swept  an  open  mold,  and  filled  it  with  molten  iron.  The  centre  was  first  cooled, 
and  as  the  edges  began  to  harden  levers  were  placed  under  opposite  sides,  and 
weights  were  hung  upon  their  ends,  tending  to  pry  up  the  edges  while  the  centre 
was  held  down.  Thus  the  rim  was  started  up  a  very  little,  and  then  as  it  cooled 
and  shrunk  around  the  previously-hardened  centre,  it  arose  10  inches,  giving  this 
depth  of  dish  to  the  tunnel. 

Magnesium. — Mr.  J.  N.  Hearder,  of  Plymouth,  in  experimenting  with  this  new 
metal,  has  discovered  some  explosive  compounds  of  tremendous  power  and  striking 
peculiarities.  He  ignited  a  small  portion  (about  20  grains)  of  one  of  these  com- 
pounds during  a  lecture  which  he  gave  at  the  Plymouth  Mechanics'  Institute,  the 
instantaneous  and  dazzling  effect  of  which  upon  the  audience  was  like  that  of  a 
flash  of  lightning,  causing  the  room  to  appear  for  some  seconds  afterwards  to  be 
enveloped  in  darkness,  though  it  was  at  the  time  brilliantly  lighted  with  gas.  On 
causing  two  bars  of  magnesium  to  form  the  terminals  of  a  powerful  voltaic  battery, 
which  was  prepared  to  exhibit  the  electric  light,  a  most  intense  combustion  ensued, 
one  of  the  bars  speedily  became  red  hot,  entered  into  ebullition,  and  then  burnt 
spontaneously  so  furiously,  that  it  became  necessary  to  plunge  it  into  water  to  pre- 
vent its  falling  on  the  platform.  In  this  process  portions  of  the  burning  metal 
detached  themselves,  and  floated  blazing  on  the  surface  of  the  water,  decomposing 
it  after  the  manner  of  potassium,  and  liberating  hydrogen,  which  also  burned.  The 
experiment  had  never  been  tried  before,  and  the  result  possesses  much  scientific 
interest. 
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Bahia  and  San  Francisco  Railway,  Brazil, — This  railway,  76^  Eng- 
lish miles  in  length,  is  a  single  line  of  5  feet  3  inch  gauge.  For  15  miles  it  skirts 
the  shore  of  the  bay  on  which  the  city  of  Bahia  stands,  and  from  which  it  derives 
its  name,  and  ihen  strikes  into  the  interior  which  is  so  thinly  populated  that  there 
is  not  a  single  town  on  the  line,  and  only  two  places  that  deserve  the  name  of  vil- 
lages. There  are  several  steep  inclines,  and  some  sharp  curves  on  the  line.  The 
present  rate  of  speed  is  21  miles  an  hour.  The  maintenance  of  the  way  during  the 
Tear  1864  amounted  to  £21,866,  or  £284  per  mile.  The  authorized  capital  was 
£1,800,000,  on  which  the  Brazilian  Government  guaranteed  a  return  of  7  percent, 
provided  the  receipts  covered  the  working  expenses,  but  unfortunately  this  has  not 
yet  been  the  case.  The  capital  expended  was  £4640  less  than  that  sum.  In  1864 
the  gross  income  amounted  to  £23,723,  and  the  working  expenses  with  the  London 
charges  to  £51,951,  leaving  a  deficiency  on  the  year  of  £28,228.  Mr.  Vignoles 
was  the  engineer,  and  Mr.  J.  Watson  the  contractor. 

German  Gymnasium. — A  large  hall  has  lately  been  built  in  Old  St.  Pancras 
Road,  King's  Cross,  for  the  German  Gymnastic  Society  (Turn  Verein)  of  London, 
under  the  name  of  "Deutschen  Turn  halle."  The  main  hall  is  120  feet  long  by 
SO  feet  wide,  and  the  height  from  the  ground  to  the  top  beam  is  57  feet.  The 
building  is  a  plain,  but  not  inelegant  structure,  of  brick  and  stone. 

Great  Lens. — A  gigantic  telescope  is  being  made  for  the  Imperial  Observatory 
in  Paris;  and  the  great  establishment  of  Saint  Gobain  has  just  completed  for  the 
new  instrument  a  lens,  of  which  the  focal  length  is  not  given,  but  which  is  described 
as  being  70  centimetres  (28  inches)  thick.  It  is  six  years  since  the  lens  was  com- 
menced, and  it  is  said  that  the  company  presents  it  to  the  Observatory. 

Vegetable  Origin  of  Diamon  ds.  —  Professor  Goeppert,  who  recently 
obtained  the  prize  offered  by  the  Dutch  Scientific  Society  for  an  essay  on  this 
subject,  says: — "In  my  essay  I  have  given  ample  proof  that  at  one  time  diamonds 
were  soft  bodies.  I  have  not  yet  attained  any  results  with  respect  to  graphite;  but 
in  diamonds  I  have  found  numerous  foreign  bodies  inclosed,  of  which,  if  they  cannot 
be  said  to  be  evidently  and  undoubtedly  vegetable  in  their  origin,  it  would,  on  the 
other  hand,  be  difficult  to  deny  their  vegetable  nature  altogether." 


APPLICATIONS   FOR 

PROVISIONAL  PROTECTION  FOR  INVENTIONS 

UNDER  THE  PATENT  LAW  AMENDMENT  ACT. 

&j~  When  the  city  or  town  is  not  mentioned,  London  is  to  be  understood. 

7th  March,  1S65. 
63S  William  Clark,  Chancery  Lane— Cork  cutting. — A  com. 

639  William  Ciark.  Chancery  Lane — Shoes  for  horses. — A  com. 

640  H.  W.  Wimshurst,  Dalston — Joints  for  boxes 

641  James  Dodge,  Manchester — Steam  hammers 

8th  March,  1865. 

642  Frederick  Tolhausen,  Paris — Fire-arms. — A  com. 

643  John  Dean,  Handsworth — Marine  steam  engines 

644  Joseph  Wadsworth,  Marple,  and  James  Wadsworth,  Hea'on  Norris — Cutting  metals 

645  A.  C.  Henderson,  Charing  Cross — Preserving  meat. — A  com. 

646  George  Ireland,  Handsworth— Stoppers  for  bottles 

647  Francis  Wise,  Adelphi— Packing  for  piston  rods. — A  com. 

648  John  Shanks,  Barrhead — Water  closet  apparatus 

649  M.  Morgans,  Brendon  Hills— Converting  cast  iron  into  steel 

650  Richard  Howson,  Preston — Smelting  iron  ores 

651  William  Clark,  Chancery  Lane — Motive  power  engines. — A  com. 

652  F.  W.  Turner,  Linslade — Grinding  corn 

653  A.  E.  Taylor.  Barnes — Iron  safes 

654  William  Clay,  Liverpool — Iron  forgings 

9th  March,  1865. 

655  W.  T.  Hamilton,  Dublin — Playing  keyed  instruments 

656  Eenoni  Collins,  Manchester — Cutting  india-rubber 

657  Robert  Mushet,  Cheltenham — Manufacture  of  steel 

658  Emile  Carchon,  Paris — Closing  spatterdashes 

659  William  Clark,  Chancery  Lane — Fire-arms. — A  com. 

660  J.  T.  Harris,  Bristol— Iron  doors 

661  W.  H.  James,  Surrey — Carriage  ways 

662  R.  G.  Fisher,  Westminster — Covering  roofs 

663  W.  J.  Doming,  Manchester — Packing  bales. — A  com. 

664  W.  H.  Hudson,  Hereford — Burglary  alarum 

665  W.  D.  Allen,  Endcliffe— Railway  wheel  tyres 

666  Joseph  Cliff.  Wortley— Hot  air  stoves 

667  Edmund  Leahy,  Cardington  Street— Strengthening  metal  tubes 

668  G.  F.  Ansell,  Russell  Square— Indicating  the  presence  of  explosive  gases 

669  Victor  Delperdange,  Brussels— Gas  tubes 

10/A  March,  1865 

670  J.  Freeman,  E.  G.  Freeman,  and  C.  H.  Freeman,  Battersea— Turpentines 

671  Edwin  Addison  Philips,  United  States — Digging  machine. — A  com. 

672  William  Smith,  Kennington — Bolts  for  window  sashes 

673  Evan  Leigh,  Manchester— Cotton  gins 

674  John  Lyon  Field,  Lambeth— Cutting  candles 

675  George  Wright,  West  Burgholt— Agricultural  implements 

676  Thomas  Startin,  Birmingham— Venetian  blinds 

677  Theodor  Reissig,  Manchester — Photographic  productions. — A  com. 

678  Harry  Whiteside  Cook,  Angel  Court— Electric  telegraph.— A  com. 

679  Albert  Westhead,  London — Communication  in  railway  trains 

680  J.  Samuel,  Finsbury  Square,  and  S.  Milbourn,  Oxford  Street  East — Preparing  flax 

681  Richard  Percy  Roberts,  Petersham — Coating  the  bottoms  of  iron  ships 

682  Joshua  Jones  and  Richard  Daniel  Jones,  Chalford— Walking  sticks 

11th  March,  1865. 

683  Pierre  Marvaud,  Paris — Disconnecting  horses  from  carriages 

684  Charles  Johnson,  Octon— Combined  tee-piece  and  valve 

685  Edward  Brown  Wilson  and  James  Howden,  Glasgow— Steam  boilers  and  furnaces 
636  Jonas  Hird,  Shipley,  and  Joshua  Walker,  Idle— Sconring  stones 

687  Julius  Garelly,  Paris— Cutting  button  holes.— A  com. 

688  C.  M.  Kernot,  West  Cowes,  and  N.Symons,  Lambeth — Construction  of  railway  plant 

689  James  Henderson,  New  York — Iron  and  steel 

690  Thomas  Whitehead  and  Henry  Walton  Whitehead,  Holbeck— Heckling  flax 

691  James  Henderson,  New  York — Freezing  liquids 

692  Edward  Brown  Wilson,  Glasgow — Furnaces  and  fire-places 
6^3  James  Murdoch  Napier,  Lambeth— Wine  glasses 


694  George  Carter,  Mottingham  Lodge,  Kent — Toast  racks 

695  John  Tann,  Walbrook— Proof  sates 

696  Charles  Huntley,  Hackney  Wick— Cricket  balls 

IZth  March,  1865. 

697  Robert  Martin  Roberts,  Dolgelly— Treating  metals 

698  John  Bragg,  Liverpool — Sewer  traps 

699  James  Atkins,  Birmingham— Metallic  bedsteads 

700  Joseph  Wright,  Dudley— Puddling  furnaces 

701  Robert  Marsden,  Sheffield— Forging  metals 

702  Henry  Hill,  Steuney  Green— Securing  safes 

703  John  Webb,  London — Manufacture  of  paper. — A  com. 

704  William  Clark.  Chancery  Lane— Lamp  shades.— A  com. 

705  Francis  Wise,  Adelphi— Matters  for  dyeing.— A  com. 

706  William  Donald  Napier,  Hanover  Square— Dental  operations 

707  Robert  Gordon  Attray,  Aberdeen— Water  supply 

llth  March,  1865. 

70S  Francis  Augustus  Braendlin,  Birmingham — Fire-arms 

709  James  Deas,  Glasgow — Railway  switches  and  signals 

710  George  Evans,  Notting  Hill — Heels  for  boots.— A  com. 

711  Richard  Archibald  Brooman,  Fleet  Street — Fire-arms. — A  com. 

712  Richard  Archibald  Brooman,  Fleet  Street — Photographic  images. — A  com. 

713  Auguste  Bertsch,  Paris — Telegraphic  instruments 

714  Edmund  Donnan  Hodgson,  Temple — Safes 

715  Ferdinand  Henry  Warlich,  Greenwich— Sorting  coals 

716  John  Wilkie,  Orchard  Street— Manufacture  of  lace 

717  George  Tomlinson  Bousfield,  Brixton — Hydrocarbon  liquids. — A  com. 

718  Longin  Gantert,  Glasgow — Dyeing  yarns 

719  Alfred  Vincent  Newton,  Chancery  Lane — Securing  low  temperatures. — A  com. 

720  John  Peter  Booth,  Cork — Ladies'  dresses 

721  Isham  Baggs,  Cbancery  Lane— Colour  printing 

15th  March,  1865. 

722  Nathaniel  Neal  Solly,  Wolverhampton— Water  twyers  for  blast  furnaces 

723  William  Clark,  Chancery  Lane — Electric  piles. — A  com. 

724  Thomas  Kennedy,  Kilmarnock — Smoke  vents 

725  Henry  Owen,  London  Road — Stockings 

726  Henry  Chevob,  Holborn — Keyless  watches 

727  William  Edward  Newton,  Chancery  Lane — Distilling  oils. — A  com. 

728  Edward  Loysel,  Park  Place — Safes 

729  Astley  Paston  Price,  Lincoln's  Inn  Fields — Sulphurous  acid 

730  John  Frederick  Briujes,  Whitechapel — Cooling  animal  charcoal 

731  Hugh  Smith,  Westbourne  Park — Gas  engines 

732  Campbell  Mortit,  Paris— Treating  oils 

733  George  Tomlinson  Bousfield,  Brixton — Mail  bags. — A  com. 

16th  March,  1865. 

734  Samuel  Bagster  Boulton,  Charlotte  Row — Treating  timber 

735  Moritz  Meisel,  Old  Brompton — Thrashing  grain. — A  com. 

736  John  Ramsbottom,  Crewe — Shaping  metals 

737  James  Farrar  and  Edwin  Booth,  Barnsley — Working  coal 

738  William  Loeder,  New  Broad  Street— Railways. — A  com. 

739  Joseph  Seaman,  Worcester — Harrows 

740  Robert  Bell,  Carlisle— Working  railway  signals 

741  William  Brookes,  Chancery  Lane— Musical  instruments. — A  com. 

742  James  Marshall,  Gainsborough — Thrashing  grain 

743  Alfred  Vincent  Newton,  Chancerv  Lane — Steam  generators. — A  com. 

17th  March,  1S65. 

744  John  Standfield,  Pimlico — Wheel  gearing 

745  Henri  Adrien  Bonneville,  Paris— Railway  breaks. — A  com. 

746  Charles  Anthony  Wheeler,  Swinden— Pencil  shield 

747  Henry  Wethered,  Kingsdown — Tempering  knives 

74S  Benjamin  Lawrence,  Coleman  Street — Mechanical  value  of  steam. — A  com. 

749  George  Dibley  and  Frederick  Braby,  Middlesex — Telegraph  posts 

750  James  Bullough,  Baxenden — Looms  for  weaving 

751  Jacob  Goodfellow,  Blackburn — Steam  engines 

752  William  Maurice  Williams,  West  Ham— Cleaning  canvas 

753  Alfred  Vincent  Newton,  Chancery  Lane — bracket  lamps. — A  com. 

754  William  Roberts,  Millwall— Cocks 

18th  March,  1865. 

755  James  Cookson  and  Philip  Billington,  Rusholme— Blowing  smiths'  fires 

756  Thomas  Ogden,  Higher  Broughton,  Lancaster — Preparing  cotton 

757  James  M'Connell,  Westhoughton — Platform  weighing  machines 

758  Gerard  Ralston,  Tokenhouse  Yard— Making  clothing.— A  com. 

759  Edwin  Pilling  and  John  Harper,  Rochdale — Looms 

760  James  Henry  Wathew,  West  Bromwich — Peeling  almonds 

761  Joseph  Walls,  Manchester — Drawing  off"  liquors  from  casks 

762  Thomas  Kenyon,  Manchester— Preparing  cloth  and  yarns 

763  Francis  Wise,  Adelphi — Attaching  buttons  to  fabrics. — A  com. 

764  James  Vero,  Atherstone— Brushes 

765  James  Cochrane  Stevenson,  South  Shields— Hyposulphite  of  lime 

766  Owen  Robinson,  Kettering — Sewing  machines 

767  C.  W.  Spark  and  T.  S.  Cross  London,  and  W.  Adkins,  Birmingham— Bricks 

768  J.  H.  Kidd  and  J.  C.  Mather,  Manchester— Floor  cloth 

20^  March,  1865. 

769  Solomon  Salby  Gray,  Boston,  United  States— Paper  collars 

770  Thomas  Oliver,  Dalston,  and  Joseph  W.  Musto,  Mile  End— Mouthpiece  for  cigars 

771  Johann  Tobis  Rommir.ger,  Dresden— Generating  steam.— A  com. 

772  John  T.  Cook  and  John  T.  Cook,  jun.,  Birmingham— Breech-loading 

773  Matthew  Eley,  Cheapside—  Genilemen's  scarves 

774  Isidor  Philippsthal,  Berlin — Yarn 

775  Arthur  George  Browning,  Westminster— Telegraph  posts 

776  Alfred  Vincent  Newton,  Chancery  Lane— Sewing  machinery.— A  com. 

777  R.  T.  Crawshay  and  T.  A.  Lewis,  Cyfarthfn  Ironworks— Puddled  iron 

778  Samuel  Chatwood,  Bolton— Locks  for  safes 

779  William  Menelaus,  Duwlais  Ironworks— Fuddled  iron 

780  Alexander  Richard  Mackenzie,  Manchester— Locomotive  engines 

21s(  March,  1S65. 

781  Charles  Hill  Pennycook,  Glasgow— Gasometers 

782  James  Waterhouse  Midgley,  Cononley— Lubricating  shafts 

783  William  Vincent  Green,  Limehouse— Vessels  of  war 

784  Daniel  Gourley,  Homsey— Boots  and  shoes 

785  Charles  Farmer  and  Thomas  Turner,  Birmingham— Nails  and  rivets 

786  John  Henrv  Johnson,  London— Looking-glasses.— A  com. 

787  William  Arthur,  Atherington— Compasses 

788  Richard  Archibald  Brooman,  Fleet  Street— Oxide  of  chromium,— A  com. 

789  William  Clark,  Chancery  Lane— Cutting  pasteboard. — A  com. 

790  Richard  Jordan  Gatling,  United  States— Fire-arms 

791  James  Smith,  Seaforth,  and  Sidney  Arthur  Chease,  Egremont — Valves 

792  William  Berry,  Stamford  Hill— Cutting  bread 

793  Bernard  James  Webber,  Newton  Abbot— Thrashing  barley 
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22nd  March,  1S65. 

794  Hiram  Smith  Jacobs.  Portland— Dressing  felloes 

795  George  Farmer,  Old  Street— Cutting  sheet  metal 

796  William  Mattieu  Williams,  Celyn  Caergwrle— Distillation  of  coal 

797  Harold  Potter,  Manchester— Treating  wast*  liquors 

798  William  Lane,  Old  Kent  Road— Propelling  carriages 

799  William  Juby  Coleman,  Bury  St.  Edmunds— Clarifying  beer 

800  Alfred  Pierre  Tronchon,  Paris— Fire-arms 

801  William  Clarke,  Nottingham— Lace 

802  Valentine  Baker,  Cahir— Obtaining  motive  power 

803  John  James  Carter,  Holloway— Jewellery  cases 

804  Alfred  Paraf,  Glasgow— Dveing  and  printing 

805  James  Wright,  St.  Paul's  Crescent— Preparing  China  clay.— A  com. 

806  Morgan  Morgans,  Brendon  Hills— Iron  and  steel 

807  Richard  Archibald  Brooman,  Fleet  Street— Engraving  metal.— A  com. 

808  George  Edmund  Donisthorpe,  Leeds— Washing  wool 

809  William  Morrant  Blake,  Furnival's  Inn— Gas  burners 

23rd  March,  1865. 

810  James  Macaulay  and  Robert  Watson,  Paisley— Weaving 

811  John  Bnrley  and  Lawrance  Glover,  Birmingham— Toast  racks 

812  Edward  Field  and  Francis  Wise,  Adelphi— Feeding  paper  to  printing  machines 

813  Thomas  Harvey  Saunders,  South wark— Tubular  cornices 

814  Charles  Henry  Crowe,  Gloucester  Road— Stoppers  for  bottles 

815  Duncan  Mackenzie.  Dalston — Designs  perforated  on  cards 

816  Louis  Augustus  Leins,  Bucklersbury— Travelling  bags 

817  Richard  Archibald  Brooman,  Fleet  Street— Candles 

818  Anthony  Bernhard  Baron  von  Rathen,  Fitzroy  Square— Air  engine 

819  Robert  Wilson  Morrell,  Bradford— Sewing 

820  Henry  Cakes,  Old  Hall— Worsted  carding 

821  Joseph  Lees,  Norwich,  and  Moses  Mellor,  Nottingham— Cloth 

822  Joseph  Tall,  Bedford— Construction  of  houses 

823  Thomas  Roberts  and  Louis  Luc,  Liverpool— Weighing  grain 

824  George  Henry  Castree  and  John  Alfred  Castree.  Manchester— Looms 

825  Robert  Tidman,  Jermyn  Street— Telegraph  cables 

826  James  Clifford  Morgan,  Rotherham — Fire-places 

827  Matthew  Piers  Watt  Boulton,  Tew  Park— Motive  power 

24th  March,  1865. 

828  William  Simons  and  Andrew  Brown,  Renfrew — Dredgers 
S29  Charles  Bevan,  Cavendish  Square— Cabin  furniture  for  ships 

830  Allred  Baillot,  Brussels— Sewing  machines 

831  Thomas  Farmer  and  Frederick  Lewis,  Bilston— Papier  macho" 

832  William  Loeder,  New  Broad  Street — Rails  for  railways. — A  com. 

833  Robert  Lublinski,  City  Road — Umbrella  tip  fasteners 

834  John  Bailey  Brown,  Bayswater — Storing  petroleum 

835  Joseph  Green,  Leeds— Cutting  threads  of  screws 

836  William  Edward  Newton,  Chancery  Lane— Ink.— A  com. 

837  James  Andrew  Swanzy,  Plymouth — Machine  for  washing 

838  Daniel  Arnold,  Cork— Gun  locks 

839  John  Charles  Stovin,  Chelsea — Signals  on  railway  trains 

840  Valentine  Baker,  Cahir — Motive  power 

641  Giacomo  Felice  Marchisio,  Baker  Street— Obtaining  light 
842  John  Henry  Johnson,  London — Treatment  of  rice. — A  com. 

25th  March,  1865. 

8-13  Edwin  Wolverson,  Birmingham — Metallic  chains 

844  Henry  Columbus  Hurry,  Hereford — Railway  points 

845  James  Milton,  Glasgow — Looms 

846  William  Miller,  Glasgow— Presses  for  cotton 

847  Alice  Isabel  Lucnn  Gordon,  Hyde  Park— Signals  on  railway  trains 

848  Earle  Harry  Smith,  Sherwood,  United  States— Sewing  machines 

849  Richard  William  Barnes,  Manchester— Levelling  apparatus 

850  John  Dodd,  Oldham— Mules  for  spinning 
P51  William  Richardson,  Oldham— Cotton  gins 

852  John  Henry  Johnson,  London — Spittoons. — A  com. 
&53  William  Betts,  Wharf  Road-Labels  for  bottles 

854  David  Estler  Blacke,  Belfast— Utilizing  the  heat  of  steam 

855  William  Clark,  Chaucery  Lane— Lighting  and  heating.— A  com. 

27th  March,  1805. 

856  John  Todd,  Greenwich  —Shaping  metals 

857  Charles  Burfitt,  Holloway— Paring  potatoes 

858  Herbert  John  Walduck,  Manchester— Signalling  on  railway  tiVns 

859  James  Buckingham,  Surrey— Oil  feeders. — A  com. 

860  Joshua  Rooke,  Pimlico— Steam  engines 

861  Carl  Johnn  Laureutz  Leffler,  London — Casting  ingots  of  steel 

862  Charles  Matthews  and  John  Fereday.  Wolverhampton— Consumption  of  smoke 

863  John  Buckshaw,  Oakley  Mills,  and  SV.  S.  Underhill,  Newport — Traction  engine  i 

864  Ferdinand  Le  Roy,  France— Preventing  the  radiation  of  heat  or  cold 

865  George  Bishop,  Soho  Square— Stamping. — A  com. 

866  J.  C.  Thompson  and  J.  J.  M.  Green,  Greenwich— Railway  carriages 

867  William  West,  St.  Blazey—  Lubricating  compounds 

28(A  March,  1855. 

868  Joseph  Williams,  Bifmingham — Ornamenting  glass 

869  John  Norris,  Winchester — Grooming  horses 

870  James  Millar  and  John  Laing,  Glasgow— Printing  ornamental  fabrics 

871  John  Cornelius  Craigie  Halkett,  Cramond  House— Paints  for  coating  vessels 

872  William  Walsh,  Warrington— Concentration  of  solutions 

873  Terrot  Glover,  Newcastle-upon-Tyne— Ships'  yards 

874  Alexandre  Denis  Gascon,  Paris — Digestive  elixir.— A  com. 

875  Frederick  Thomas,  Bishopsgate  Street— Kitchen  ranges 

876  Francois  Adolphe  Mocquard,  Paris— Gas  burners 

877  R.  Young,  Dublin,  and  C.  F.  O.  Glassford,  Gal  way— Treatment  of  sea  weed 

878  Francis  William  Webb,  Crewe— Steel  tires 

879  Henry  Welchman  King,  Middlesex— Ventilating  blinds 

8S0  Elliot  Savage,  West  Meriden,  United  States— Tempering  steel 

881  lsac  Louis  Pulvermacher,  Middlesex — Fastenings  for  pins 

882  Joseph  Wright,  Dudley— Forging  machines 

29th  March,  1865. 

SS3  William  Newton  Wilson,  High  II ol born— Sewing  machines 
684  William  Irhun,  Newton  Heath— Railway  traversers 

885  William  Brookes,  Chancery  Lane — File  cutting  machinery. — A  com. 

886  Richard  Cardwcll  Robinson,  Cannon  Street— Cutting  nails 

887  Evan  Leigh  and  Frederick  Allen  Leigh,  Manchester— Carding  cotton 

888  Frederick  Allen  Leigh,  Manchester — Bridges 

889  R.  Holroyd  and  J.  II.  Bolton,  Manchester — Drying  "warps"  of  cotton 

890  Alexander  Chaplin,  Adelphi — Lowering  ships'"  boats 
8  '1  John  Player,  Norton — Smelting  iron 

692  Samuel  Childs,  Putney— Treating  fatty  matters 

893  William  Moxon  Fuller,  Wolverhampton— Reducing  animal  matters 


30*7:  March,  1S65. 

894  Thorsten  Wilhelm  Nordenfelt,  London— Portable  hammock.— A  com. 

895  George  Greenish,  llarpurhey — Propelling  waggons 

896  Walter  Montgumerie  Neilson,  Glasgow — Shaping  machines 

897  Benjamin  Baugh,  Birmingham — Reflectors  for  lamps 

898  William  Savory,  Gloucester — Treatment  of  meal 

899  William  Brookes,  Chancery  Lane— Melting  iron. — A  com. 

900  Alexander  Angus  Croll,  Coleman  Street — Sulphate  of  alumina 

901  Archibald  Turner,  Leicester — Winding  yarns 

902  Alfred  Vincent  Newton,  Chancery  Laue — Cartridge  boxes. — A  com. 

31st  March,  1865. 

903  William  Milner  and  Daniel  Rowlinson  Ratcliflf,  Liverpool — Metallic  safes 

904  Thomas  Cook,  Coburgh  Road— Safes 

905  John  Pinchbeck,  Reading— Air  engines 

906  John,  David,  Benjamin,  and  Ormerod  Swarbrick,  Baxenden  —  Steam  boilers 

907  Lang  Bridge,  Accrington— Looms 

908  John  Poole,  Chelsea,  and  Thomas  Brown,  Dalston— Feet  protectors 

909  Elias  Leak,  Longton — Pulverized  flint 

910  Henri  Adrien  Bonneville,  Paris — Telegraphic  apparatus.  — A  com. 

911  Benjamin  Greenwood,  Cumberland  Place — Curing  smoky  chimneys 

912  Henri  Adrien  Bonneville,  Paris — Manufacture  of  iron  rods. — A  com. 

913  Alfred  Vincent  Newton,  Chancery  Lane— Leakage  of  barrels. — A  com. 

914  Alfred  Vincent  Newton,  Chancery  Lane — Inking  rollers. — A  com. 

915  John  Henry  Smith,  Bexley  Heath — Mounting  photographs 

916  G.  R.  Stepenson  and  G.  H.  Phipps,  Westminster— Locomotive  engines. — A  com. 

917  James  Bathgate,  Edinburgh — Gas  meters 

918  Thomas  Kemp  Mace,  Birmingham— Rib  holders  for  umbrellas 

\st  April,  1865. 

919  William  Mayall,  John  Knott,  and  William  Dennis,  Mbssley — Mules  for  spinning 

920  John  Drinkwater,  Dnkintield — Rotating  brushes 

921  William  Kilbey,  Shoreditch — Winding  silk 

922  Henry  Lewis,  Cheapside — Wringing  machines. — A  com. 

923  Richard  Archibald  Brooman,  Fleet  Street — Street  railways. — A  com. 

924  George  Burt,  Birmingham—  Ornamenting  metal  tubes 

925  William  Gray,  Shelheld — Forging  steel 

926  James  Kennan,  Dublin — Cutting  scrolls 

927  Robert  Willacy,  Penwortham  Priory— Food  for  cattle 

928  Alfred  William  Pearce,  Dundee— Looms 

929  John  Charles  Stovin,  Chelsea — Signals  on  railway  trains 

930  Paul  Haenlein,  Russell  Square— Navigable  balloons 

3rd  April,  1865. 

931  William  Biinger,  Chancery  Lane — Melting  sealing  wax, — A  com. 

932  Johann  von  der  Poppenburg,  Birmingham — Fire-arms  and  ordnance 

933  Thomas  Coibett  and  J.  R.  Harrington,  Birmingham— Letter  clips 

934  Richard  Robert  Riches  and  Charles  James  Watts,  Norwich— Cutting  hay 

935  William  Cantrill  Uollings,  Clarence  Road— Paddle-wheels 

936  John  Henry  Johnson,  London — Postage  stamps. — A  com. 

937  Pierre  Joseph  Jamet,  Pans — Tackle  for  unraising  loads 

938  George  Kennedy  Geyelin,  South  Hackney — Vermin  traps 

939  Alfred  Lockwood  and  Alfred  Lockwood,  jun.,  Chester — Bricks 

940  Frederick  Brown,  Luton  — Kitchen  ranges 

941  Charles  Vero,  Atherstone— Felt  hats 

942  H.  Brook,  J.  Eastwood,  and  G.  Brook,  Huddersfield— Smelting  ores 

4th  April,  1865. 

943  Charles  Denoon  Young.  Perth— Force  pumps 

944  Richard  Nalbs,  John  Street— Locks  for  doors 

945  John  Richardson  Wigham,  Monkstown— Illuminating  lighthouses 

946  George  Curr  Thompson,  Sheffield — Doors  of  safes 

947  Henry  Jenkins,  Birmingham — Fastenings  for  sleeve  links 

948  Alfred  Illingworth  and  Henry  Illingworth,  Bradford— Preparing  wool 

949  William  Brookes,  Chancery  Lane— Obtaining  motive  power. — A  com. 

950  Charles  Martin,  Reading— Cleaning  forks 

951  Robert  Baynes,  Wimbledon— Suction  pumps 

952  William  Clark,  Chancery  Lane — Polishing  shot. — A  com. 

953  Joseph  Vaughan,  Birmingham — Steam  hammers 

954  William  Moody  and  Wrilliam  James  Hnband,  Handsworth— Timing  pianofoi^ 

955  William  Edward  Newton,  Chancery  Lane — Expressing  liquids. — A  com. 

956  William  Bulstrode,  Cookham — Steam  cultivation 

957  John  Player,  Norton— Malleable  iron 

958  George  Tomlinson  Boustield,  Brixton— Separating  fibre  from  vegetable  materials 

959  Ueorge  Tomlinson  Bout»field,  Brixton— Flexible  tubing 

5th  April,  1865. 

960  Adam  Millar,  Grove  Street — Electric  telegraphs 

961  Robert  Stanley,  Manchester — Hat  ventilator 

962  John  Gay  Newton  Alleyne,  A  If  re  ton— Traction  engines 

963  Henrv  Simon,  Manchester— Washing  ores. — A  com. 

964  JohnBethell,  King  William  Street— Building  ships 

965  Benjamin  Johnson,  Church  Street — Piano-fortes 

966  W.  Teall,  L.  Lepaige,  and  E.  T.  Simpson,  Wakefield— Lubricating  oil.— A  com. 

967  Jean  Isidore  Ditrribet,  Dax — Seats  of  closets 

968  George  Walter  Dyson,  Tinsley— Puddling  iron 

969  Charles  William  Lancaster,  New  Bond  Street— Fire-arms 

970  Edward  Ritherdon,  Fenchurch  Street— Protecting  iron  .ships 

971  Frederick  Kainford  Enson,  Nottingham— Manufacture  of  lace 

972  Charles  Esplin,  Lambeth— Regulating  the  supply  of  gas 

6th  April,  1865. 

973  Robert  Maynard,  Whittlesford — Cutting  human  hair 

974  John  Brown,  Bolton— Boilers 

975  J,  S.  Watson  and  A.  Horwood,  King  William  Street— Alarms  in  case  of  burglary 

976  Edwin  Henry  Newby,  Cheapside— Pointing  the  ends  of  metallic  rods. — A  com. 

977  Charles  Horton  Williams,  Birmingham— Cornice  rings 

978  John  Badger,  Worcester— Harrows 

979  Martin  Diosy,  Fenchurch  Street— Substitute  for  coffee. — A  com. 

980  George  Davies,  Lincoln's  Inn — Illumination. — A  com. 

981  John  Henry  Johnson,  London  -Boring  rocks. — A  com. 

982  James  Grafton  Jones,  Blaina  Ironworks— Engines 

983  Joshua  Ellis,  Dewsbury,  C.  Walker  and  W.  Preston,  Batley  Carr—  Carding 
9S4  William  Bartram  Richards,  New  York— Preventing  corrosion  of  glass 

985  Richard  Garrett,  jun.,  Saxmundham— Reducing  straw 
9S6  Pierre  Hugon,  Paris— Gas  engines 

1th  April,  1865. 

987  Andrew  Muir,  Manchester — Breech-loading  fire-arms 

988  George  Rydill.  Dewsbury — Steam  boilers 

989  Edward  Welch,  South  Lambeth— Fire-places 

990  James  Thompson,  Blackburn — Preparing  cotton 

991  Samuel  Smith  and  J.  W.  Jackson,  Keigiiley— Governors  for  steam  engines 

992  Thomas  Wilkes,  Bimingham— Railway  bolts 

993  Thomas  White,  Birmingham— Handles  of  nut  crackers,  and  knives 

994  James  Brown,  Aldgate— Improved  nail 
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RECENT    IMPROVEMENTS    IN    TUNNELLING. 

MR.    BARTLETT'S   AND   THE   ACTUAL    MONT   CENIS   MACHINES. 

In  our  last  Part  we  brought  the  chronology  of  invention  in  tun- 
nelling machinery  up  to  the  present  date — as  least  as  regards  the  Mont 
Cenis  tunnel. 

We  now  proceed  to  describe,  with  the  aid  of  wood-cuts  (taken  from 
drawings  furnished  to   us  by   Mr.   Bartlett  before  his  demise),  his 
machines  themselves ;   to  point  out  their  nearly  complete 
similarity  with  those  in  actual  use  at  the  Mont  Cenis — except 
in  one  important  particular,  in  which  a  departure  has  been 
made  with  manifest  disadvantage,  from  Mr.  Bartlett's  plans  ;  m^ 

and  to  notice  some  other  machines  for  aualogous  uses,  now 
employed,  or  proposed  being  so,  elsewhere. 

Mr.  Bartlett's  provisional  specification  is  dated  23rd  August,  1855, 
No.  1913 — For  Improvements  in  Machinery  for  Drilling  or  Boring  into 
Stone — and  described  as  follows : — ■ 

This  invention  has  for  its  object  a  peculiar  combination  of  machinery 
for  giving  motion  to  drills  or  boring  tools  for  cutting  into  stone.  For 
this  purpose  a  cylinder  with  a  piston  is  employed,  which  is  to  bo  worked 
by  means  of  steam  or  compressed  air.  The  piston  rod  passes  through 
stuffing  boxes  at  both  ends  of  the  cylinder,  and  one  end  of  the  piston 
rod  gives  motion  to  an  axis,  by  which  the  combined  machinery  is  caused 
to  move  up  to  its  work  on  suitable  fixed  rails,  and  the  axis  by  suitable 
gearing  also  gives  rotatory  motion  to  the  drill  or  boring  tool,  and  water 
is  forced  through  a  suitable  pipe  to  the  point  where  the  cut  is  being 
made.  The  other  end  of  the  piston  rod  has  fixed  to  it  a  piston  working 
in  another  cylinder  or  vessel ;  this  piston  it  is  preferred  should  be 
formed  with  two  cupped  leathers,  but  any  other  form  of  piston  may  be 
used.  When  this  piston  is  to  the  extent  of  its  outward  motion,  there 
is  a  hole  or  holes  in  the  cylinder  uncovered  by  the  piston,  by  which  air 
can  flow  into  the  cylinder  or  vessel.  The  drill  or  boring  tool  is  fixed 
on  an  axis  or  bar,  which  receives  rotatory  motion  by  toothed  wheels 
from  the  shaft  put  in  motion  by  the  engine ;  but  the  axis  or  bar  to 
which  the  cutting  tool  is  affixed  is  arranged  to  slide  through  its  toothed 
wheel,  so  that  the  cutter  may  be  forced  forward  as  well  as  receive  a 
rotatory  motion.  The  bar  or  axis  to  which  the  drill  or  boring  tool  is 
fixed  has  on  its  other  end  a  piston,  which  it  is  preferred  should  be  made 
with  two  cupped  leathers,  but  another  form  of  piston  may  be  used. 
This  piston  works  in  the  cylinder  or  vessel,  into  which  air  is  allowed 
to  flow,  as  above  mentioned,  and  there  is  an  air  valve  in  the  vessel  or 
cylinder,  by  which  the  air  escapes  when  the  piston  of  the  drill  shaft  is 
by  the  air  forced  beyond  the  valve. 

The  complete  specification  was  filed  22nd  February,  1856,  and  is  as 
follows : — 

"  Now  know  ye,  that  I,  the  said  Thomas  Bartlett,  &c,  &c. 

"  This  invention  consists  in  so  arranging  machinery  for  drilling  or 
boring  into  stone,  that  the  drilling  or  boring  bit  may  be  caused  by 
a  series  of  blows  communicated  to  it  through  the  medium  of  compressed 
air.  For  this  purpose  a  steam  engine  is  employed,  the  piston  rod  of 
which  is  continued  beyond  the  piston,  and  passes  by  a  stuffing  box 
through  the  bottom  of  the  cylinder;  it  carries  a  second  piston,  which 
works  in  a  second  cylinder,  in  which  also  another  piston  works,  which 
piston  is  attached  to  a  rod  which  carries  the  drilling  or  boring  bit; 
thus  it  will  be  seen  that  at  each  stroke  of  the  steam  engine  the  air 
between  the  two  pistons  in  the  second  cylinder  will  be  compressed,  and 
the  boring  bit  and  its  piston  will  be  driven  forward.  Connected  with 
this  cylinder  there  is  a  weighted  valve,  which  allows  some  of  the  air  to 
escape,  so  that  on  the  return  of  the  piston  worked  by  the  steam  engine 
a  partial  vacuum  will  be  produced  behind  it,  which  will  cause  the 
drilling  or  boring  bit  to  exceed  a  short  distance,  and  as  the  piston 
arrives  at  the  end  of  its  stroke  it  passes  over  a  hole  in  the  cylinder, 
which  admits  air  to  supply  the  place  of  that  which  was  forced  out 
through  the  valve.  In  order  to  give  rotatory  motion  to  the  drilling  or 
boring  bit,  the  rod  which  carries  it  (which  is  round,  with  a  slot  or 
key-way  cut  in  it)  is  made  to  pass  through  a  similarly  formed  collar, 
to  which  a  toothed  wheel  is  fixed,  which  receives  motion  by  suitable 
gearing  from  the  crank  shaft  of  the  steam-engine,  on  which  also  an 
eccentric  is  placed,  which  works  a  force  pump,  which  supplies  water  to 
the  boring  bit,  forcing  it  down  its  stem,  which  is  made  hollow  for  the 
purpose ;  or  the  water  may  be  supplied  by  a  pipe  direct  from  the  pump. 
In  order  to  allow  the  apparatus  to  move  forward  as  the  work  pro- 
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gresses,  it  is  mounted  on  a  carriage,  which  runs  on  a  suitable  fixed 
framing,  on  which  a  toothed  rack  is  formed,  and  into  which  a  pinion 
attached  to  the  carriage  gears.  The  pinion  is  connected  by  gearing 
with  a  ratchet  wheel,  which  is  rotated  tooth  by  tooth  by  a  driver, 
worked  by  an  eccentric  on  the  crank  shaft  of  the  steam  engine. 

"And  in  order  that  my  said  invention  may  be  most  fully  understood 
and  readily  carried  into  effect,  I  will  proceed  to  describe  the  drawing 
hereunto  annexed." 

The  drawing  annexed  to  the  specification  is  identical  with  those 


Fig.  1. 


here  reproduced,  except  that  the  ratchet  wheel  for  moving  forward  the 
whole  apparatus,  as  the  hole  deepens,  was  placed  originally  upon  a 
second-motion  shaft,  in  place  of,  as  shown,  upon  an  axis  directly  under 
the  crank  shaft  of  the  engine. 

Fig.  1  shows  the  distinctive  peculiarity  of  Bartlett's  construction,  in 
the  employment  of  an  air  buffer,  between  the  piston  of  the  steam 
engine  and  the  percussive  end  of  the  jumper  or  drilling  took 

In  the  longitudinal  partial  section  of  the  machine,  fig.  1,  the  engine 
cylinder  and  piston  is  seen  at  the  left  hand  side  of  the  figure.  The 
piston  rod  is  socketed  on  to  an  external  piston  rod  and  piston  of 
cupped  leather,  which  works  to  and  fro  in  the  air  cylinder  seen  on  the 
right-hand  side  of  the  figure,  making  of  course  an  equal  length  of 
stroke  therein  with  the  steam  piston.  At  the  remoter  end  of  this 
cylinder  is  another  air  piston  of  cupped  leathers,  which  is  jointed  on  to 
the  end  of  the  drill-bar  piston  rod  by  a  peculiarly  formed  joint  or 
connection,  such  that  this  drill-bar  piston  rod  may  be  caused  to  revolve 
continually  without  conveying  the  air  piston  along  with  it  in  rotation. 
At  the  upper  side  of  the  air  cylinder  is  seen  a  small  conical  valve 
loaded  by  a  spiral  spring,  and  opening  outwards  ;  and  at  the  left-hand 
end  of  the  air  cylinder  is  a  hole  or  holes,  which  are  passed  by  the  left- 
hand  air  piston  soon  after  it  has  commenced  its  forward  stroke.  The 
drill-bar  piston  works  through  a  metallic  collar,  which  rotates  in 
bearings  at  each  side  of  the  toothed  spur-wheel  seen  in  the  figure,  and 
this  bar  may  either  be  cylindrical,  with  a  longitudinal  feather  like  the 
spindle  of  a  vertical  drilling  machine,  or  square  or  polygonal.  The 
outer  end  of  this  bar  (right-hand  end)  is  provided  with  a  socket  into 
which  the  actual  steel  bar  forming  the  "jumper,"  or  drilling  tool,  is 
keyed. 

The  action  is  now  pretty  obvious ;  when  the  engine  piston  makes  a 
forward  stroke  from  the  position  shown  in  the  figure,  viz.,  from  left  to 
right,  and  drives  forward  along  with  it  the  left-hand  air  piston,  the 
latter,  the  moment  it  has  passed  the  air-holes  in  the  air  cylinder,  incloses 
and  compresses  the  air  powerfully  in  the  latter.  As  soon  as  the  elasticity 
of  the  included  air  has  balanced  the  friction  and  inertia  of  the  right-hand 
air  piston,  with  its  attached  piston  bar  and  jumper,  these  are  driven 
forward  before  the  compressed  cushion  of  included  air,  and  the  stroke 
of  the  jumper  is  made.  But  the  left  band  air  piston  is  so  regulated  as 
to  stroke,  that  it  never  strikes  the  right  hand  one;  and  the  possi- 
bility of  such  a  condensation  of  air  between  the  two  pistons  as  should 
endanger  any  of  the  parts,  is  guarded  against  by  the  exit,  or  air  safety- 
valve,  already  referred  to.  As  none  of  those  pistons  can  be  absolutely 
air-tight,  the  air  lost  in  the  act  of  compression  is  restored  to  the  air 
cylinder,  as  soon  as  upon  the  return  stroke  the  left-hand  air  piston  has 
repassed  the  holes  in  the  sides  of  the  air  cylinder  at  that  end.  But 
until  these  holes  are  reached,  the  back  stroke  of  the  steam  and  air 
piston  has  produced  a  high  degree  of  vacuum  in  the  air  cylinder ;  the 
return  or  withdrawal  stroke  of  the  jumper,  and  its  bar  and  piston,  are 
made  therefore  by  the  atmospheric  pressure  acting  upon  the  external 
face  of  the  right-hand  side  of  the  jumper-bar  air  piston. 

Thus  while  the  jumper  is  urged  forwards  at  each  stroke  with  a 
velocity  clue  to  the  elastio  force  of  the  compressed  air,  and  with  a 
momentum  due  to  this  velocity  and  to  the  weight  of  the  jumper  bar, 
piston  bar,  and  piston  head ;  and  while  the  whole  of  the  momentum  is 
practically  extinguished  instantaneously  against  the  rock  at  the  bottom 
of  the  jumper  hole — no  part  of  this  formidable  shock  is  visited,  as  such, 
upon  any  of  the  working  parts  of  the  steam  engine,  or,  indeed,  of  any 
other  part  of  the  apparatus.  The  air  included  in  the  air  cylinder  is  as 
a  made  and  unmade  spring  at  each  stroke,  to  transmit  forward  the 
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power  of  the  steam  piston  ;  but  it  is  also,  and  at  the  same  time,  an  air 
buffer  interposed  to  save  harmless  the  steam  machinery.  The  reciproca- 
tion of  the  jumper  bar  with  its  air  piston,  &c.,  only  produces  an 
oscillatory  recoil  at  each  change  of  direction  of  its  motion  upon  the 
whole  of  the  remaining  mass  of  the  apparatus— the  velocity  and  effect 
of  which  is  small,  because  the  mass  of  the  jumper  and  its  direct  attach- 
ments is  small  in  proportion  to  that  of  all  the  rest  of  the  machine. 

This  is  the  great  distinguishing  characteristic  of  Bartlett's  machine 
from  all  others,  and  from  those  now  actually  in  use  at  Mont  Cenis.  In 
the  latter,  as  we  shall  see  further  on,  the  piston  and  piston  rod  of  the 
engine  are  in  rigid  connection  with  the  jumper  bar — the  shock  of  the 
latter  as  it  is  brought  to  rest  at  each  blow  against  the  rock  is  transmitted 
directly  to  the  steam  piston,  and  notwithstanding  the  partial  steam 
cushion  which  necessarily  exists  in  the  interior  of  the  steam  cylinder,  and 
is  common  to  both  machines,  the  shock  is  transmitted  sufficiently  to  all 
the  other  parts  of  the  engine,  and  with  such  a  jarring  force,  that,  as  we 
have  already  stated,  four  machines  are  always  in  hospital  for  one  in 
working  order.  The  abandonment  of  this  protective  power  provided  by 
Bartlett  constituted  the  "simplification"  of  Sommieller  &  Co.  ;  the  result 
indicates  its  value  in  a  mechanical  point  of  view,  though  its  politic 


value,  as  giving  the  colour  of  a  new  machine  to  that  which  was  really 
borrowed  from  Bartlett,  and  so  ousting  the  latter  in  favour  of  others, 
cannot  be  questioned. 

The  remaining  arrangements  of  Bartlett's  machinery  are  so  simple, 
that  a  few  words  of  explanation,  with  the  accompanying  figures,  will 
suffice  to  make  them  clear.  Fig.  2  is  a  plan,  and  fig.  3  a  lateral 
elevation,  of  one  of  his  machines.  The  relative  positions  of  the  steam 
and  air  cylinders,  and  other  parts,  to  which  we  have  already  referred, 
will  be  easily  recognized  in  both. 

The  whole  machine,  fixed  in  or  on  its  rectangular  frame,  rests  on  its 
lower  side  upon  four  friction  rollers,  one  of  which  is  seen  in  the  lower 
part  of  the  right  hand  of  fig.  3 ;  and  by  the  action  of  the  ratchet  and 
pall  seen  in  same  figure,  producing  a  slow  rotation  in  the  longitudinal 
screw  beneath  the  carriage,  the  whole  machine  is  slowly  propelled 
forward,  as  and  at  the  rate  that  the  jumper  hole  deepens. 

The  jumper  bar  is  kept  always  slowly  rotating  by  the  means  already 
described,  motion  being  given  to  the  spur  wheel  on  the  piston-bar 
socket  bearing,  through  the  intervention  of  the  bevel  gear  from  the 
crank  shaft,  and  by  the  longitudinal  shaft  seen  in  fig.  2.  The  rate  of 
rotation  that  Bartlett  considered  best  was  something  less  than  half  a  turn 


for  each  blow  of  the  jumper — it  must  be  either  more  or  less  than  any 
aliquot  part  of  a  whole  turn,  so  that  the  cutting  edge  of  the  jumper 
shall  not  fall  successively  into  the  same  nicks  or  parts  at  the  bottom  of 
the  hole.  An  eccentric  upon  the  crank  shaft  of  the  engine  moves 
the  plunger  of  a  small  pump,  seen  in  both  figures,  which  supplies  a  con- 
tinual stream  of  water,  delivered  in  a  jet  into  the  jumper  hole  to  wash 
out  the  debris  of  the  rock. 

The  engines  were  to  be  supplied  by  steam  from  one  or  more  boilers 
mounted  on  trucks  far  in  the  rear,  with  wrought-iron  steam  pipes,  and 
a  length  of  flexible  steam  pipe  close  to  each  engine :  with  proper  brattice 
ventilation,  in  the  common  coal-pit  style,  there  can  be  no  doubt  that 
such  boilers  and  engines  might  have  been  readily  and  without  incon- 
venience worked  in  the  Mont  Cenis  tunnel,  so  that  the  objection  taken 
for  the  purpose  of  putting  Bartlett  aside,  that  steam  as  a  prime  mover 
was  inadmissible,  was  a  mere  pretence. 

Whatever  validity  it  may  be  assumed  to  have  had,  however,  was 
absolutely  nullified  by  the  fact,  that  Bartlett's  machine  would  and  did 
work  with  compressed  air  in  place  of  steam  as  a  prime  mover ;  and 
that  he  not  only  pointed  this  out,  but  demonstrated  it  by  his  own 
machines  having  been  actually  worked  with  compressed  air  at  Genoa, 
and  by  the  Italian  Government  engineers  themselves. 

To  the  machinery  described  as  above  iu  his  patent,  Bartlett  added  a 


wrought-iron  carriage,  as  shown  in  figs.  4,  5,  and  6,  for  the  purpose  of 
holding  several  of  his  machines  at  the  forehead  of  the  tunnel,  and 
enabling  each  to  be  posited  in  such  a  way  as  would  give  the  required 
direction  of  hole.  Fig.  4  is  a  lateral  elevation  of  the  carriage  ;  fig.  5 
an  end  elevation  and  section,  each  one-half  along  the  line  D,  C,  fig.  6 ; 
and  fig.  6  is  a  plan  and  partial  section  along  the  line  A,  B,  fig.  4 

The  whole  is  made  of  wrought-iron,  and  the  arrangements  for  altering 
the  levels  of  the  supports  at  both  ends  are  sufficiently  obvious. 

These  figures,  Mr.  Bartlett  explained  to  us,  were  merely  illustrative, 
and  the  designs  having  been  made  before  the  commencement  of  the 
Mont  Cenis  tunnel,  were  without  reference  to  the  total  number  of 
machines  which  he  might  have  deemed  it  expedient  to  concentrate  upon 
the  forehead  of  that  work.  It  is  obvious,  however,  that  whatever 
supporting  carriage  could  apply  to  the  machines  in  use,  would  equally 
apply  to  Bartlett's,  and  equally  obvious  that  the  carriage  of  the  latter 
is  capable  of  sustaining  nine  machines,  the  number  actually  employed. 

In  figs.  7  and  8  will  be  found  a  lateral  elevation  and  plan  of  the 
machinery  actually  in  use  at  Mont  Cenis,  which  we  have  taken  from 
the  plates  of  the  "  Relazione  della  direzione  Tecnica,"  &c,  already  referred 
to  in  former  parts  ol  these  papers,  and,  we  need  scarcely  say,  therefore 
from  an  unimpeachable  authority,  each  plate  being  duly  signed  "  Ger- 
mano  Sommeiller,  Ingegnere." 
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In  these  machines,  actuated  by  compressed  air  only,  by  a  singular 
method  of  attempting  "  simplification,"  two  cylinders  are  employed — 
the  same  number  as  in  Bartlett's,  one  which  works  the  crank  and  small 
fly-wheel  merely  to  produce  rotation  in  the  cutter  or  jumper,  and  to 

Fig.  i. 


Fig.  5. 


give  the  forward  motion  to  the  tool  as  the  hole  deepens,  as  well  as 
to  work  the  valve  which  gives  admission  and  emission  to  the  com- 
pressed air  in  the  cylinder  of  the  "  percuteur  "  or  jumper.  The  same 
air-pipe,  as  seen  in  fig.  8  (plan),  brings  the  compressed  air  to  both 


cylinders.  A  square  longitudinal  shaft  on  top  of  the  machine  is  given 
continuous  rotation  through  the  intervention  of  a  pair  of  bevel  wheels 
from  the  crank  shaft.  Upon  this  shaft  slides,  between  bearings  borne 
by  the  frame  beneath,  a  cam  plate  to  work  the  valve  of  the  jumper 


cylinder.  A  pair  of  spnr  wheels  to  the  right  of  this  cam  plate  gives 
rotation  to  a  large  endless  screw  placed  between  the  toothed  side  cheeks 
of  the  carriage,  as  seen  in  plan,  fig.  8,  by  which  the  whole  of  the  striking 
parts  of  the  machine  are  advanced  as  the  hole  deepens.     Beneath  the 


frame  a  set  of  ratchets  and  palls  are  placed,  to  relieve  the  teeth  of  this 
screwed  arrangement  of  some  of  the  jar,  the  rear  end  of  the  ratchet  bars 
being  sustained  by  elastic  packing  as  a  further  relief.  The  axis  of  the 
large  endless  screw  passes  in  through  the  end  of  the  jumper  cylinder ; 
and  therein  is  a  square  bar  working  into 
the  interior  of  the  cylindrical  plunger 
piston  which  propels  the  jumper.  As  this 
square  bar  constantly  turns  slowly  round, 
it  brings  round  the  plunger  piston  and 
the  jumper  with  it,  so  as  to  turn  the 
latter  in  the  hole.  To  the  outer  end  of 
this  plunger  piston  is  keyed  in  a  socket 
the  permanent  jumper  bar,  the  outer  end 
of  which  again  carries  a  socket  into  which 
is  keyed  the  movable  jumper  itself,  which 
is  thus  capable  of  removal  when  worn  or 
broken.  The  jumper  is  propelled  by  the 
air  pressure  acting  upon  the  whole  area  of 
base  of  the  plunger  piston,  which  at  the 
rear  end  quite  fills  the  cylinder.  The 
latter  is  prolonged  at  the  forward  end 
somewhat  beyond  the  valve  passage  at 
that  end.  When,  therefore,  the  plunger  is 
driven  forward,  near  the  end  of  the  stroke, 
it  incloses  an  annular  space  of  imprisoned 
air  round  it  the  moment  it  has  passed  the  valve  passage  by  its  largest 
portion ;  and  this  acts  as  an  air-cushion  to  prevent  the  plunger  striking 
the  forward  end  of  the  cylinder  and  knocking  it  out.  The  stroke 
being  made,  the  plunger  is  brought  back  by  the  compressed  air  acting 
upon  the  annular  space  around  —  i.e.,  upon  an  area  equal  to  the  differ- 
ence between  the  smallest  section  of  the  plunger  and  its  largest,  or  that 
of  the  cylinder. 

If  by  any  chance,  by  leakage  or  otherwise,  the  spring  or  resilience 
of  the  imprisoned  ring  of  air  be  not  sufficient  to  bring  back  the  plunger 
beyond  the  point  where  the  valve  passage  at  the  forward  end  opens 
into  the  cylinder,  the  plunger  may  stick  fast,  for  there  is  no  other  force 
as  yet  to  bring  it  back.  This  appears  an  obvious  defect  in  these 
machines ;  and,  apparently  to  avoid  its  evils,  it  has  been  found  advisable 
to  adopt  great  precautions  for  making  the  forward  eud  of  the  cylinder 
air-tight  where  it  is  .passed  through  by  the  plunger.  Subjected 
as  this  is  to  the  formidable  and  replicated  jar  of  the  blows  of  the  jumper 
on  the  rock,  all  in  rigid  contact  with  this  plunger,  it  is  not  difficult  to 
see  that  the  preservation  of  this  staunch  must  be  a  matter  of  extreme 
difficulty.  Indeed  it  is  pretty  plain  that  this  tremendous  and  unceasing 
hammering,  transmitted  rigidly  back  to  the  machine  throughout  its 
every  part,  and  resolved,  as  all  such  end-on  concussion  must  be,  into 
lateral  vibrations  as  well  as  longitudinal  ones,  must  rapidly  shake  and 
dislocate  the  whole  machine ;  and  the  statements  made  as  to  the  pro- 
portion between  the  number  of  disabled  and  of  serviceable  machines 
proves  that  the  fact  is  so  in  practice. 

That  there  is  a  great  deal  of  ingeniously  devised  arrangement  of 

parts  in  those  machines  of 
M.  Sommeiller  is  unde- 
niable; equally  so,  as  it 
appears  to  us,  has  there 
been  a  radical  defect  in 
abandoning  the  beautiful 
and  really  simple  device  by 
which  Bartlett  relieved  the 
machine  from  all  direct  blow 
or  concussion.  For  the  rest, 
whether  borrowed  from 
Bartlett's  machine  bit  by 
bit  or  not  (and  as  our  wish 
is  not  to  even  suggest  any 
unhandsome  view,  we  do  not 
affirm  that  it  has  been),  the 
fact  js  certain,  that  for  each 
part  found  or  retained  in 
these  machines  of  Sommeiller  an  equivalent  will  be  found  in  Bartlett's, 
and  generally  an  equivalent  bearing  the  strongest  possible  resemblance. 
Rotation  in  both  machines  is  produced  by  a  longitudinal  shaft  driven 
in  much  the  same  way.     In  both  machines  imprisoned  air  is  made  to 
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limit  the  stroke  ;  in  both  the  forward  motion  is  given  by  a  screw  move- 
ment. Bartlett's  machine  gives  rotation  to  the  jumper  without  obliging 
the  driving  piston  to  revolve  with  it  in  the  cylinder.  In  Sommeiller's 
the  plunger  is  made  to  revolve,  and  is  the  means  of  compelling  the 
juniper  to  revolve  with  it.  In  this  respect  the  mechanical  critic  must 
award  the  palm  of  merit  to  Bartlett's  machine ;  for  not  only  is  the 
useless  friction  and  wear  and  tear  of  rotation  added  to  that  of  recipro- 
cation bestowed  upon  the  stuffing-box  of  the  plunger  in  Sommeiller's 
machine,  but  it  inevitably  results  from  his  construction  that  the  moment 
the  forward  part  of  the  plunger  wears  in  the  slightest  degree  out  of  a 
true  cylindrical  form,  it  can  be  no  longer  possible  by  any  means  to 
keep  the  stuffing-box  air-tight.  In  a  subsequent  plate  in  the  "  Relazione," 
in  Tavola  VI.,  will  be  found  exhibited  the  form  of  carriage,  or  affusto, 
employed  by  M.  Sommeiller  for  sustaining  and  directing  the  nine  of 
those  machines  actually  employed  at  Mont  Cenis.  For  these  we  have 
not  space  for  illustration.  Those  who  are  curious  on  the  subject  can, 
on  reference  to  the  original,  however,  readily  see  how  nearly  similar 
the  carriage  actually  employed  is  to  that  designed  by  Bartlett ;  in  fact, 
the  chief  difference  observable  consists  in  the  employment  of  vertical 
screws  and  traversing  nuts  for  the  adjustable  supports,  in  substitution 
of  the  racks  and  ratchets  and  palls  employed  by  Bartlett ;  and  so  far 
as  this  goes,  we  hesitate  not  to  say  the  change  is  a  decided  improve- 
ment upon  the  Bartlett  design. 

We  have  now  fulfilled  what  has  appeared  to  us  but  a  suitable  act  of 
justice  towards  the  memory  and  reputation,  as  an  engineer,  of  the  late 
Mr.  Thomas  Bartlett,  in  connection  with  the  great  work  of  perforation 
of  Mont  Cenis.  That  the  work  will  be  successfully  completed  by  the 
present  means,  gradually  improved  as  they  are  sure  to  be  by  every  day's 
experience,  there  can  be  no  reasonable  doubt.  With  the  progress  that  has 
been  already  made,  even  political  convulsions — the  most  serious  that  can 
be  supposed  likely  to  occur  on  the  continent  of  Europe — though  they 
might  retard,  can  scarcely  stop  its  completion.  When  the  day  shall 
arrive  that  light  shall  first  be  seen  through  this  lofty  rib  of  the  alpine 
chain,  from  south  to  north,  a  work  will  have  been  achieved  more  endur- 
ing than  brass  or  iron — one,  the  history  of  the  execution  of  which  will  be 
inquired  of  by  a  remote  posterity,  and  whose  grandeur  and  merits  no 
improvements  in  the  engineering  of  future  ages,  great  as  yet  these  will 
be,  can  dim  or  remove.  It  is,  therefore,  not  unfitting  that  the  name  of 
every  man  who  has  had  act  or  part  in  so  distinguished  an  event  in 
human  progress  should  be  recorded,  and  as  far  as  possible  in  a  manner 
proportionate  to  his  genuine  intellectual  contribution  to  the  task.  In 
this  light  it  is  but  just  that  the  name  of  Bartlett  should  be  handed  down 
as  that  of  the  intellectual  pioneer  of  the  machinery  that  did  the  work, 
along  with  those  who  have  had  the  good  fortune  to  benefit  by  his 
labours,  and  the  distinction,  honours,  and  rewards  in  carrying  it  out — 
all  chances  of  which  death  has  denied  to  him. 

Machinery  for  rock  boring,  not  only  in  virtue  of  this  great  under- 
taking to  which  they  have  been  applied,  but  from  the  vastness  and 
universality  of  adaptability  in  the  uses  to  which  they  will  be  applied, 
and  the  prodigious  future  achievements  which  their  powers  must  em- 
bolden and  produce,  will  hereafter  be  reckoned  as  one  of  the  great  new 
stand-points  of  engineering  progress.  Every  great  advance  in  a  tool 
produces  ere  long  a  correspondingly  great  advance  in  the  tasks  that 
men  require  of  it.  Tunnels  beneath  seas,  of  lengths,  in  depths,  and 
under  conditions  that  sober  engineers  of  to-day  would  look  upon  but  as 
the  disturbed  imaginings  of  a  dream,  will  no  doubt  in  the  centuries  to 
come  be  executed  by  the  help  of  compressed  air  or  steam,  and  such  tools 
as  these,  and  in  the  end  thought  of  as  nothing  more  remarkable  than  a 
common  coal  pit  or  a  bridge. 

Many  minds  have  been  for  now  a  good  many  years  engaged  upon 
the  devisal  of  rock  perforators,  and  in  several  cases,  besides  this  of 
Mont  Cenis,  with  very  great  success.  In  Sweden,  machines  designed 
by  Herru  Schwartzkopf  and  Phillippson,  are  actually  at  work  in  some 
of  the  mines,  and  are  said  to  jump  into  the  intractable  crystalline  rocks 
of  that  primary  and  granite  country  at  the  rate  of  an  inch  and  a  half 
per  minute.  These  machines  are  wrought  by  steam,  and  make  1200 
double  strokes  per  minute,  each  stroke  being  very  short. 

The  machine,  consisting  of  modifications  of  the  piston  and  cylinder 
arrangements  we  have  already  been  describing,  is  placed  at  the  end  of 
a  movable  jib,  or  arm,  secured  to  a  vertical  mast  or  upright,  which  is 
itself  wedged  or  otherwise  secured  against  the  bottom  and  top  of  the 
mine  gallery.  The  machine  is  directed  and  held  in  position  by  the 
adjustable  apparatus  connected  with  the  jib,  or  arm;  and  the  advance 


of  the  machine,  as  the  hole  deepens,  is  effected  by  arrangements  very 
much  like  those  by  which  a  common  slide  rest  tool  is  advanced.  In 
these  machines  there  is  one  decisive  difference,  however,  from  those 
of  Mont  Cenis.  The  jumper  is  a  loose  tool,  and  is  itself  struck  on  the 
head  by  the  end  of  the  piston  rod,  like  a  steam  hammer ;  the  end  of 
the  rod  being  of  course  armed  with  a  renewable  hammer  block.  The 
holes  also  are  wrought  dry,  and  as  hence  there  is  no  water  to  wash  out 
the  dust  and  debris,  it  is  worked  back  and  out  of  the  hole  by  the  lower 
part  of  the  jumper  being  formed  like  a  screw  auger  for  wood,  so  that  as 
the  jumper  is  turned,  the  debris  "  creeps  "  back  and  out. 

We  have  no  means  of  knowing  whether  the  accounts  we  have  seen 
of  the  performance  of  these  machines  be  reliable  or  not.  Upon  some 
points  we  should  desire  much  more  information — how,  for  example,  it 
is  possible  without  water  to  keep  the  cutting  end  of  a  steel  jumper  cool 
when  beating  on  Swedish  granite  at  the  rate  of  1200  blows  per  minute, 
and  disintegrating  1J  inch  deep  by  the  diameter  of  the  hole  of  such  a 
rock  in  that  time,  we  cannot  imagine.  If  this  keeping  cool  be  really 
accomplished,  we  have  little  doubt  that  dry  jumping  will  prove  much 
quicker  work  than  wet  jumping,  especially  in  crystalline  rocks.  Nor  can 
there  be  much  doubt  that  leaving  out  of  consideration  the  rapid  destruc- 
tion of  the  whole  machine,  some  positive  advantage  in  the  work  done  in 
relation  to  the  power  expended  may  arise,  especially  in  very  hard  rocks, 
from  simply  striking  upon  the  jumper,  making  the  latter  as  light  as 
possible,  after  the  manner  of  a  rapid  steam  hammer. 

Lows'  patent  boring  machines,  of  which  some  account  was  given  in 
February  last  before  the  Institution  of  Civil  Engineers  in  Scotland,  is 
almost  a  copy  of  the  Mont  Cenis  machines.  These  machines  are  said  to 
be  employed  upon  a  tunnel  now  being  executed  in  Ireland,  but  we 
have  not  heard  to  what  extent  or  with  what  success.  There  is  no 
reason  why  these  should  do  a  bit  worse  than  their  prototypes  at  Mont 
Cenis.  It  is,  however,  very  hard  to  discover  how  a  patent  can  be 
worth  anything  for  machines,  which  seem  identical  nearly  with  those 
described  long  before  in  English,  viz.,  those  of  Mont  Cenis. 

A  jumper  machine,  it  is  stated,  is  also  at  work  in  the  Beaumont  mines 
at  Allenhead,  under  the  direction  of  Mr.  Sopwith — the  moving  power  of 
which  is  water  pressure,  and  the  action  of  which  is  that  of  a  hammer, 
like  the  Swedish  machine. 

We  should  be  disposed,  a  priori,  to  doubt  much  the  suitability  of 
water-pressure  engines  to  this  sort  of  work.  Such  engines,  from  the 
incompressible  and  dense  qualities  of  the  fluid,  have  enough  to  do  to 
keep  in  order,  from  their  own  inherent  tendencj'  to  jar  and  shock  ;  and 
if  we  add  to  this  the  jarring  of  a  rapidly-struck  jumper,  we  should 
expect  to  find  the  life  of  the  machine  very  short  indeed,  and  its  health 
always  highly  precarious. 

Another  and  a  totally  different  principle,  though  coming  to  hammer- 
ing in  the  end,  has  been  introduced  in  the  perforating  machines  of 
Mr.  Freeby.  These  are  made  to  revolve  "  all  in  a  row  "  by  gear,  and 
each  is  struck  by  a  hammer  moved  by  a  cam — the  whole  being  given 
motion  by  rope  or  belt  gear.  This  does  not  seem  to  us  to  promise 
well  in  any  respect. 

We  have  had  more  or  less  imperfect  accounts  of  several  other 
machines  on  different  plans,  and  one  very  like  the  Swedish,  said  to  be 
at  work  in  Belgium  on  the  carboniferous  limestone,  but  in  the  absence 
of  better  detail  must  reserve  our  account  of  these. 

In  our  columns  of  correspondence  will  be  found  a  letter  relative  to 
Captain  Penrice's  machine,  which,  it  appears,  is  restored  to  activity  in 
Northern  Italy.  So  far  as  we  can  gather  from  our  correspondent's 
letter,  the  present  machine,  however,  is  very  unlike  the  earlier  one. 
It  seems  no  longer  to  be  a  scraping  or  pretended  cutting  tool,  but 
rather  a  percussive  tool,  working  so  as  to  jump  out  concentric  narrow 
circular  slots.  If  so,  it  may,  perhaps,  be  found  not  only  to  answer,  but 
to  have  advantages.  But  if  it  continue  on  the  original  notion  of  scraping 
out  by  so-called  steel  cutters  one  or  more  circular  grooves,  we  can  only 
say  we  adhere  to  our  opinion,  that  time  will  prove  it  must  be  a 
failure. 

Very  analogous  to  this  machine  appears  to  be  that  of  Vallauri  and 
Buquet  of  Paris,  which  has  been  constructed  by  Cail  &  Co.  of  that  city, 
at  least  so  far  as  that  the  principle  here  seems  to  be  that  of  saw- 
like cutters  with  a  reeiprocatiug  motion,  intended  to  cut  grooves, 
marking  out  the  boundaries  of  the  tunnel,  or  cutting  the  cone  into 
smaller  masses  if  required.  Such  a  tool  may,  perhaps,  work  in  Caen 
stone  or  other  such  half-indurated  stuff;  but  for  hard  and  crystalline 
rocks,  where  such  machines  are   almost   exclusively  important,  and 
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where  they  possess  their  highest  value,  we  believe  they  do  not  admit 
of  discussion,  and  must  be  failures. 

We  shall  conclude  by  noticing  amongst  these  various  machines  that 
of  M.  Fontenay,  which,  though  having  a  strong  family  likeness  to  those 
of  Sommeiller  &  Co.,  has  pecularities  of  its  own,  is  greatly  simplified, 
and  has  been  adapted  to  an  exceedingly  effective  carriage  by  the 
inventor,  which,  for  its  portability,  lightness,  and  simplicity,  most  admir- 
ably tits  his  machine  for  either  mining  work  proper,  or  for  the  piercing 
of  small  galleries,  or  air,  or  other  shafts,  inclined  or  otherwise,  or 
ancillary  to  greater  tunnels. 

Our  figs.  9  and  10  show  in  vertical   longitudinal   section,  and   in 

Fig.  a. 


external  horizontal  plan,  the  whole  machine ;  the  vertical  adjustable 
face  plate  which  carries  it  beicg  also  shown  in  the  former  figure. 

The  moving  power  is  compressed  air  at  five  atmospheres.  The 
piston  is  a  plunger,  with  a  square  bar  inside,  by  which  rotation  is  given 
to  the  plunger  and  the  jumper  bar,  as  in  the  Mont  Cenis  machine, 

Fis.  10. 


through  the  intervention  of  the  bevel  wheels,  moved  directly  from  the 
valve  stalk.  The  valve  is  moved  by  a  three  toothed  cam,  caused  to 
revolve  by  the  machine,  and  the  head  of  the  valve  stalk  is,  by  plus 
pressure  in  the  stuffing  box  neck,  caused  always  to  press  firmly  against 
the  face  of  this  cam.  The  stroke  is  ended  as  in  the  Mont  Cenis 
machines,  against  an  air  mattress  or  cushion,  but  this  is  produced  in  a 
different  way,  as  will  be  seen  by  inspecting  the  section  of  the  valve 
passages. 

The  little  metallic  ball  valve  seen  in  the  passage  at  the  forward  end 

of  the  cylinders,  permits  air 
Fi£-  11.  to  pass  into  this  end  at  each 

proper  movement  of  the 
slide,  but  prevents  its  return, 
so  that  it  is  imprisoned 
around  the  plunger  at  this 
end  to  form  the  air  cushion. 
Fig.  11  in  vertical,  and 
fig.  12  in  horizontal  sec- 
tions, indicate  the  simple 
mariner  in  which  each  ma- 
chine is  separately,  or  more 
than  one  together,  arranged 
and  sustained  for  work  at 
the  forehead. 

The  vertical  face  plates 
admit  of  any  inclination  in 
a  vertical  plane  being  given 
to  each  jumper,  and  as  the 
whole  of  each  machine  can 
be  made  to  rotate  horizon- 
tally round  the  axis  of  its  own  upright  or  post,  bo  any  direction  whatever 
can  be  given,  within  certain  limits,  to  the  tool. 

Each  machine  is  double,  that  is  to  say,  there  is  one  at  each  side  of 

each  post,  as  seen  in  fig.  12  ;  and  the  valve  gear  of  one  machine  works 

that  of  the  other,  as  in  certain  American  water-pressure  engines  and 

water  meters.     We  entertain  some  doubt  how  far  mere  screws,  like 

!  of  screw  jacks  as  shown,  will  be  found  to  keep  fast  against 


Fig.  12. 
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comparatively  inelastic  rock  under  the  continuous  jar  and  vibration 
of  the  jumper.     This,  however,  may  be  modified  in  various  ways,  and 
possibly  by  no  more  elaborate  contrivance  than  simply  interposing  a 
block  of  hard    wood  between  the  rock 
and  the  bearing  ends  of  the  screws. 

M.  Fontenay  proposes  to  drive  bis 
machines  at  the  rate  of  eighteen  blows 
per  second,  and  to  wash  out  the  debris 
from  the  holes  by  small  nose  pipes,  com- 
ing from  a  main  with  water  under  a 
sufficient  head,  each  nose  pipe  being 
secured  in  position  by  a  sort  of  universal 
joint  at  its  connection  with  the  flexible 
hose  that  leads  to  it. 

These  machines,  although  retaining 
some  of  the  bad  points  of  the  Som- 
meillers',  possess  great  adaptability  and  simplicity  in  being  placed 
and  fixed.  In  a  word,  it  is  an  immense  advantage,  for  mining  operations 
at  least,  to  get  rid  of  the  large  carriage,  though  it  involves  perhaps  a 
little  more  time  and  labour  to  remove  the  tools  out  of  danger  when  the 
blasting  is  to  take  place. — Ed. 


THE  CHOICE  OF  THE  BUILDING   MATERIAL  FOR  THE 

FRONT  WORK  OF  THE  SOUTHERN  EMBANKMENT. 

Br  G.  R.  Burnell,  C.E.,  F.G.S. 

The  Metropolitan  Board  decided  the  other  day,  that,  as  it  was  found 
that  the  use  of  the  mountain  limestone  would  only  produce  an  economy 
of  about  £1G,250  in  comparison  with  the  use  of  granite,  it  was  not 
worth  while  to  employ  the  cheaper  material  for  that  purpose ;  and 
therefore  granite  is  to  be  employed  in  the  execution  of  those  works. 
Previously  to  arriving  at  this  conclusion,  the  Board  had  disposed  of 
the  claims  of  the  millstone  grit  for  this  purpose,  on  the  score  of  the  great 
absorption  of  that  stone ;  but  the  decision  of  the  Board  in  this  case 
was  so  manifestly  founded  on  a  hasty  and  prejudiced  view  of  the 
matter,  that  it  seems  to  us  to  be  well  worth  while  to  call  attention  to 
the  subject  while  there  is  yet  time.  It  may  not  be  worthy  of  notice 
that  the  saving  in  this  instance  would  only  be  £16,000  or  £17,000; 
but  the  principle  once  established  that  no  attention  is  to  be  paid  to  the 
motive  of  economy  in  the  execution  of  the  works  intrusted  to  the 
Metropolitan  Board,  there  is  no  saying  where  the  extravagance  thus 
fostered  may  end.  As  we  conceive  the  duties  of  the  Metropolitan 
Board,  they  are  bound  to  execute  the  works  they  undertake  at  the 
lowest  possible  cost,  consistently  with  the  good,  sound  execution  of 
them.  Any  other  principle  than  this  seems  to  us  to  lead  to  a  degree 
of  extravagance  similar  to  that  which  is  painfully  visible  in  the  conduct 
of  the  Government  works  of  this  country;  and  we  confess  that  we  are 
surprised  to  find  the  Metropolitan  Board  thus  ostentatiously  displaying 
their  disregard  to  what  may  prove  in  the  end  to  be  a  great  measure  of 
economy.  The  Southern  embankment  that  is  now  contracted  for  may 
not  give  rise  to  the  employment  of  more  than  the  quantity  that  would 
produce  the  saving  that  has  been  cited.  It  will,  however,  be  impossible 
that  the  embankment  of  the  Thames  would  be  limited  to  that  portion 
of  the  river  comprehended  in  what  is  now  called  the  Southern  embank- 
ment; and  the  description  of  stone  once  settled,  there  is  very  little 
chance  of  its  being  changed  hereafter  in  the  subsequent  portions  of  the 
work.  It  becomes,  then,  a  matter  of  importance  to  examine  the  quality 
of  the  stone  that  is  to  be  used  with  far  more  attention  than  the  Metro- 
politan Board  seem  to  have  done  in  this  case. 

The  published  accounts  of  the  proceedings  of  the  committee  named 
for  the  purpose  of  reporting  upon  the  various  descriptions  of  stone  sub- 
mitted for  the  execution  of  the  work  contemplated,  show  that  those 
gentlemen  had  their  attention  directed  to  only  three  kinds — the  mill- 
stone grits,  the  carboniferous  or  mountain  limestone,  and  the  granite ; 
but  nothing  was  said  of  the  particular  kind  of  the  latter,  though  it  is 
known  to  vary  much  in  its  character,  according  to  the  locality  from 
whence  it  is  derived.  Now,  this  seems  to  us  to  have  been  an  omission 
on  the  part  of  the  commissioners,  for  there  must  be  an  infinite  number 
of  stones  that  would  be  applicable  for  this  position ;  yet  they  only 
turned  their  attention  to  three  descriptions  of  that  material,  and  they 
urged  as  reasons  against  the  two  classes  of  stones  objections  that  were 
in  fact  not  valid.     Thus,  they  stated  that  the  millstone  grits  were  too 
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absorbent — tboy  were  excluded  on  that  account ;  the  mountain  lime- 
stone was  objected  to  because  it  was  attackable  by  the  saw  with  sand, 
and  because  it  was  feared  that  the  planes  of  bedding  would  be  dis- 
tinctly marked,  and  would  easily  yield  under  the  influence  of  the 
weather ;  the  action  of  the  acids  that  might  be  present  in  the  Thames 
water  was  also  cited  as  an  objection  to  the  use  of  the  carboniferous 
limestone.  As  to  the  validity  of  these  objections,  there  are  many 
things  to  be  said,  and  we  shall  have  occasion  to  refer  to  them  hereafter ; 
but  neither  on  the  score  of  permeability  nor  on  that  of  hardness,  do  we 
consider  that  the  advantages  on  the  side  of  granite  are  so  great  as 
effectually  to  exclude  its  competitors  from  the  market.  The  only 
reason  that  we  can  see  for  the  preference  thus  accorded  to  granite  is, 
in  fact,  to  be  found  iu  the  more  monumental  character  of  that  stone. 
The  question  is  whether  that  consideration  is  of  sufficient  importance 
to  justify  its  selection.  In  the  works  executed  by  the  Metropolitan 
Board  the  use  of  a  material  that  is  abstractly  better,  but  is  more  costly, 
is  worse  than  a  mistake ;  it  is  a  blunder. 

With  respect  to  the  millstone  grits,  it  may  be  observed  that  they 
are  all  of  them  composed  of  particles  of  silica  of  different  degrees  of 
coarseness,  united  with  a  cementing  material  of  an  argillaceous,  or  of 
a  purely  silicious  nature ;  the  Bramley  fallstone  and  the  Newcastle 
burrs  being  examples  of  the  first,  and  the  Garth  stone  of  the  second. 
The  consequence  of  the  juxtaposition  of  the  crystals  of  silica  in  these 
cases  is,  that  water  mounts  up  by  capillary  attraction  with  great  facility 
in  these  stones ;  but  it  can  have  very  little  effect  upon  the  materials  of 
which  they  are  composed,  inasmuch  as  the  silica  exists  in  its  most 
stable  form — that  of  distinct  crystallization.  This  remark  extends 
likewise  to  the  cementing  material,  of  the  Garth  stone  especially,  for 
the  argillaceous  cement  in  the  Bramley  fallstone  is  exposed  to  decay, 
"  between  wind  and  water,"  as  workmen  say;  but  in  the  Garth  stone, 
where  the  cementing  material  is  silicious,  there  is  little  room  for  the 
action  of  the  atmosphere.  However  this  may  be,  the  remarkable 
manner  in  which  the  piers  of  Southwark  Bridge  have  stood  the  effects 
of  the  tidal  influence  of  the  Thames,  is  in  itself  a  sufficient  proof  of 
the  small  importance  of  the  absorption  of  this  stone,  of  any  class  ;  and 
we  think  it  must  be  taken  as  proving  the  adaptability  of  it  to  the  very 
purposes  that  the  Board  desires  now  to  effect.  This  would  be  more 
easy  of  attainment,  inasmuch  as  the  whole  of  the  facing  work  is  pre- 
scribed to  be  set  iu  Portland  cement,  which  would  effectually  limit  the 
range  of  capillarity  to  the  joint  of  the  stone  in  contact  with  the  water ; 
the  absorption  would,  in  fact,  be  strictly  limited  to  stones  that  might 
be  bathed  in  the  river,  or  that  might  be  affected  by  the  spray  arising 
from  it.  How  little  attention  need  be  paid  to  the  absorbent  character 
of  the  Garth  stone  is  proved  by  the  state  of  the  Llangollen  Bridge, 
which  has  stood  the  effects  of  exposure  to  the  various  actions  of  the 
atmosphere  and  the  river  for  now  more  than  five  hundred  years  ;  yet 
the  Dee  rolls  down  with  the  winter's  floods,  boulders,  trees,  rocks,  &c, 
that  are  much  greater  than  the  Thames  ever  transports  in  the  tidal 
portion  of  its  course.  As  to  the  effect  of  the  absorption  upon  the 
colour  of  the  stone,  that  might  be  a  reason  for  preferring  some  stone 
that  had  less  of  that  quality;  but  really  it  seems  that  the  Thames 
waters  are  so  highly  charged  with  mud  that  it  is  of  small  importance 
what  description  is  used,  because  all  alike  acquire  very  soon  a  uniform 
colour.  The  real  question  to  be  decided  in  this  matter  was,  whether 
the  millstone  grits  were  of  a  chemical  composition  to  resist  the  action 
of  the  Thames  waters,  or  whether  they  were  not.  Everything  else 
was  but  a  method  of  turning  the  attention  of  the  Board  from  the  real 
points  at  issue  in  the  case.  It  was  not  a  question  of  the  greater  or 
lesser  degree  of  absorption  in  the  stone,  but  whether  that  absorption 
would  be  injurious  to  it,  or  to  the  work  at  the  back  of  it.  The  answer 
to  this  would  be,  we  believe,  very  different  to  that  which  the  decision 
of  the  committee  would  induce  us  to  believe. 

The  decision  of  the  committee  by  which  the  mountain  limestone 
was  rejected,  accompanied  as  it  was  with  the  report  of  Professor 
Tenant,  and  of  a  friend  of  his  in  the  country,  was,  however,  the  most 
unwarrantable  piece  of  proceeding  on  the  part  of  a  public  body  charged 
with  such  an  investigation  that  we  ever  recollect  to  have  witnessed. 
The  professor  proceeded  to  pass  his  opinion  on  what  he  declared  were 
picked  samples,  and  he  recommended  that  samples  of  the  stone  should 
be  exposed  to  the  action  of  the  tides  in  some  position  where  he  could 
observe  the  influence  of  this  cause  of  destruction  upon  them  during  the 
space  of  two  or  three  months.  But  the  professor  did  not  make  any 
observations  on  the  manner  in  which  this  stone  had  stood  the  tidal 


action  in  the  Menai  and  the  Britannia  Bridges,  although  the  Menai 
Bridge  was  specially  referred  to  in  his  correspondent's  letter ;  and  the 
experience  to  be  derived  from  this  trial  of  above  forty-five  years  must 
be  always  more  conclusive  than  that  which  the  professor  had  himself 
suggested.  If  the  trial  of  the  stone  in  place  in  a  building  proves  any- 
thing at  all,  it  would  be  more  conclusive  after  the  lapse  of  years  than 
after  a  short  exposure  to  the  weather ;  and  the  fact  of  the  mountain 
limestone  having  withstood  the  action  of  the  summer's  sun  and  the 
winter's  frost  during  the  numerous  years  that  the  Menai,  or  even  the 
Britannia  Tubular  Bridge,  have  been  exposed  to,  must  be  considered 
to  demonstrate  the  superior  manner  in  which  this  description  of  stone 
can  resist  the  effects  of  the  tidal  action  upon  it.  But  the  committee 
did  not  even  take  the  trouble  to  visit  these  works,  or  to  send  any  one 
to  visit  and  report  upon  them ;  they  were  content  with  the  objections 
that  Professor  Tenant  could  suggest  to  the  employment  of  this  stone, 
though  he  confessed  that  he  had  had  no  opportunity  of  forming  an 
opinion  upon  its  merits  practically.  Really  the  conduct  of  the  com- 
mittee does  appear  in  this  matter  to  have  been  influenced  by  a  pre- 
conceived opinion,  and  they  were  led  apparently  by  that  opinion  to 
disregard  the  economy  that  the  use  of  the  carboniferous  limestone 
would  certainly  have  introduced  in  the  work  in  question. 

Professor  Tenant,  in  his  report  upon  this  stone,  has  made  an  error 
that  is  common  to  all  persons  who  are  not  conversant  with  the  applica- 
tion of  mineralogy  to  the  building  arts,  in  confounding  the  hardness  that 
enables  a  stone  to  resist  sawing  with  the  tooth  saw,  or  to  resist  the  various 
actions  that  it  would  be  exposed  to.  He  estimates  the  hardness  of  the 
mountain  limestone  by  the  metals  that  it  would  yield  to,  and  classes  it  ac- 
cordingly ;  but  this  test  would  be  a  very  fallacious  one,  unless  accom- 
panied by  numerous  other  indications;  as,  for  instance,  with  respect  to  the 
specific  gravity,  the  nature  of  the  crystallization,  the  homogeneity,  &c,  of 
the  material,  which  are  known  to  exercise  as  much  influence  upon  the 
powers  of  a  stone  to  resist  exposure  to  the  weather,  or  to  the  tidal  action, 
as  the  degree  of  resistance  it  would  offer  to  the  passage  of  a  saw,  or  to  the 
disintegration  produced  by  a  metal.  Now,  the  mountain  limestone  is 
confessed,  by  Professor  Tenant  himself,  to  be  a  highly  non-absorbent 
stone ;  it  is,  according  to  Mr.  Edwin  Clark's  experiments  (recorded  in 
his  great  work  upon  the  construction  of  the  Britannia  and  Conway 
Bridges),  of  the  extreme  density  of  1 3 J  cubic  feet  to  the  ton,  which,  in 
fact,  is  as  great  as  the  average  density  of  granite  ;  and  it  resisted  the 
crushing  weight  of  7576  pounds  on  the  superficial  inch,  whilst  granite  is 
only  calculated  to  resist  about  8000  pounds  on  a  similar  area.  Indeed,  the 
conditions  under  which  the  mountain  limestone  was  used  in  the  Bri- 
tannia Bridge  were  of  the  most  trying  nature  ;  for  there  were  often  there, 
introduced  as  lintels,  stones  that  were  of  24  feet  iu  length,  by  10  feet 
wide,  by  4  feet  in  thickness  of  bed,  which  must  have  been  perfectly 
homogeneous  in  character,  or  they  would  not  have  borne  the  shocks 
they  were  exposed  to  in  the  workshops,  or  have  carried  the  weight  that 
was  brought  upon  them.  The  fact  of  the  greater  ease  with  which 
this  stone  yields  to  the  action  of  the  saw  is  to  be  explained  by  its  com- 
position :  it  is  a  pure  carbonate  of  lime,  sub-crystalline,  and  without 
any  planes  of  bedding ;  and  as  such  it  is  more  attackable  by  the  plate 
saw  than  granite  is,  which,  from  its  very  nature,  is  incapable  of  being 
sawn  with  the  ordinary  methods.  Granite  is  a  compound  of  quartz, 
felspar,  and  mica,  the  quartz  preponderating ;  and  this  is  only  attack- 
able by  corundum  or  by  pure  quartz,  with  difficulty — so  much  so  as 
to  render  the  operation  of  sawing  granite  quite  exceptional.  The  real 
question  that  ought  to  have  pre-occupied  the  minds  of  the  committee  was 
not,  therefore,  at  what  rate  the  mountain  limestone  would  yield  under 
the  saw?  but  whether  it  was  of  a  crystallization  to  induce  them  to 
believe  that  the  whole  mass  of  the  formation  would  present  similar 
characteristics  to  what  Professor  Tenant  chose  to  call  chosen  samples  ? 
The  occurrence  of  fossil  remains  in  the  body  of  this  stone,  it  may  be 
added,  gives  no  indication  whatever  of  the  planes  of  deposition,  as 
would  be  the  case  in  a  regularly  stratified  deposit.  The  mountain 
limestone,  in  fact,  is  composed  of  carbonate  of  lime  that  was  deposited 
under  such  conditions  as  the  chalk  or  the  oolite,  in  their  characteristic 
varieties ;  and  it  is  equally  absurd  to  look  for  the  lines  of  bedding  in  the 
one  as  in  the  other.  The  fossils  have  also  been  entirely  replaced  with 
the  carbonate  of  lime,  which  is  only  slightly  tinctured  with  organic 
matter. 

There  are,  it  must  also  be  observed,  several  localities  where  the 
mountain  limestone  occurs  in  great  abundance,  and  where  the  experi- 
ence of  centuries  as  to  its  powers  of  resistance  to  the  atmosphere  or  to 
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tidal  action  can  be  appealed  to.  It  is  met  with  in  great  masses  in  the 
hills  that  constitute  the  lower  counties  of  England  and  Scotland ;  it 
forms  the  range  of  the  Derby  hills,  the  Mendip,  the  hills  round 
Plymouth,  the  hills  of  the  Great  Orme's  Head,  the  mainland  of 
Anglesea,  the  outcrop  of  the  carboniferous  series  of  Ruabon,  and 
many  other  places  might  be  cited  in  England.  In  Ireland  this  forma- 
tion is  largely  worked,  and  in  Belgium  it  is  universally  employed 
in  all  cases  where  it  is  desired  to  unite  strength  with  durability ;  indeed 
the  Belgian  quarries  have  a  complete  monopoly  of  the  supply  of  all  the 
docks,  river  works,  canal  works,  &c. ;  yet  the  committee  of  the  Metro- 
politan Board  did  not  hesitate  to  remove  this  kind  of  stone  from  the  list 
of  the  materials  that  they  would  employ ;  and  they  did  not  hesitate  to 
recommend  the  use  of  granite  in  its  stead,  when  they  were  precisely 
under  difficulties  with  their  contractors,  who  contended  that  they  were 
not  able  to  procure  that  material  in  proper  quantities  for  the  works  of 
the  Northern  embankment.  What  we  contend  for  is,  that  the  moun- 
tain limestone  has  been  rejected  on  insufficient  evidence,  if  it  has  been 
rejected  on  account  of  the  greater  ease  with  which  it  will  saw.  The 
durability  and  the  hardness  of  this  stone,  when  well  selected,  would  be  all 
that  would  be  required,  we  are  convinced ;  the  economy  that  would  attend 
its  employment  would  also  be  far  more  than  the  engineer  would  induce 
us  to  believe  ;  for  it  would  not  only  be  upon  the  mass  of  the  cubic  stone 
used,  but  upon  the  labour  of  the  completion  of  the  work,  that  the  dimi- 
nution in  price  would  tell.  The  price  of  the  labour  upon  the  mountain 
limestone  must  be  at  least  half  as  much  as  that  of  granite  ;  this  has  not 
been  taken  into  account  in  the  estimate  of  saving  to  be  made  by  using  the 
limestone,  but  it  will  greatly  add  to  the  net  sum  that  will  be  economized. 
The  conduct  of  the  committee  in  this  particular  case  has  been  marked 
by  the  extravagance  which  so  often  attend  the  conduct  of  those  who 
work  with  the  money  that  is  raised  from  the  public,  and  towards  which 
they  themselves  contribute  little.  We  are  sure  that  if  it  had  been 
otherwise,  they  would  have  at  least  taken  more  pains  to  assure  them- 
selves of  the  qualities  of  the  millstone  grits,  or  of  the  mountain  limestone. 
It  is  not  too  late  to  do  so  now,  but  the  investigation  must  be  confined  to 
more  practical  and  scientific  men  than  the  committee  have  hitherto 
consulted,  if  they  desire  to  know  anything  of  the  truth  of  the  power  of 
the  stones  to  resist  the  actions  that  they  will  be  exposed  to.  We  repeat 
that  it  is  not  a  question  of  an  economy  of  £16,000  that  is  concerned  in 
this  instance,  although  that  is  a  considerable  sum,  and  one  which  ought 
not  lightly  to  be  cast  aside  ;  but  it  is  a  question  of  perhaps  £100,000,  if 
the  whole  of  the  southern  side  of  the  river  is  embanked.  As  trustees 
of  the  public  purse,  we  contend  that  the  committee  ought  to  exercise  a 
greater  amount  of  judgment  than  they  have  done  in  rejecting  the  stones 
that  were  submitted  to  them  for  the  execution  of  the  portion  under  dis- 
cussion, and  in  recommending  the  use  of  granite  alone  for  the  facing 
work.  The  whole  question  of  the  choice  of  the  materials  to  be  used 
in  the  Southern  embankment,  indeed,  requires  to  be  investigated  calmly 
and  philosophically. 


THE   SHEFFIELD    RESERVOIR  ACCIDENT. 

The  cause  of  the  giving  way  of  the  embankment  of  the  Bradfield 
reservoir,  near  Sheffield,  by  which  238  lives  were  lost,  and  £400,000 
worth  of  property  destroyed,  in  March,  1804,  has  been  keenly  speculated 
upon  by  engineers.  The  Water-works  Company  consulted  several 
of  the  most  eminent  hydraulic  and  other  engineers  of  the  day,  and  the 
report  of  those  gentlemen  has  been  issued  to  the  shareholders.  The 
document  is  prefaced  by  a  correspondence  with  the  Home  office,  in 
regard  to  the  resumption  of  work  on  the  Agden  reservoir,  which  was 
stopped  by  the  directors  immediately  after  the  accident  at  Bradfield. 
Mr.  Rawlinson  (Government  inspector)  stated  at  the  inquest  that  the 
substance  of  that  bank  was  as  "  porous  as  a  sieve."  He  attributed 
the  failure  of  the  Bradfield  bank  to  a  fracture  or  dislocation  of  the 
pipes,  which  are  imbedded  in  the  solid  earth  beneath  the  base  of  the 
bank.  Sir  George  Grey  says,  in  his  reply  to  a  letter  from  the  directors, 
after  they  had  received  the  report  of  the  engineers — "  I  am  to  acquaint 
you,  in  reply,  that  as  Sir  George  Grey  understands  the  works  at  Agden 
to  be  now  precisely  in  the  same  state  as  when  they  were  inspected  in 
March  last  by  Mr.  Rawlinson,  and  as  his  report  of  the  result  of  his 
inspection  of  these  works  is  in  the  possession  of  the  directors,  together 
with  the  report  of  Messrs.  Rawlinson  and  Beardmore  on  the  bursting  of 
the  Brndfitld  reservoir  embankment,  and  a  copy  of  the  evidence  given 


at  the  inquest  held  at  Sheffield,  Sir  George  Grey  does  not  see  what 
additional  information  could  be  obtained  by  a  further  investigation  made 
at  the  instance  of  the  Government.  The  directors,  with  this  informa- 
tion in  their  possession,  having  now  decided,  as  you  inform  Sir  George 
Grey,  that  they  are  justified  in  proceeding  with  the  Agden  embank- 
ment, Sir  George  Grey  can  only  remind  them  that  he  has  no  power  to 
interfere  with  their  decision ;  and  that  if  the  works  are  proceeded  with 
it  must  be  upon  the  undivided  responsibility  of  the  Company,  and  with- 
out any  sanction,  expressed  or  implied,  on  the  part  of  Her  Majesty's 
Government."  In  their  report  to  the  shareholders  the  engineers 
(Messrs.  Simpson,  Hawksley,  Bateman,  Fowler,  and  Harrison)  enter  at 
some  length  into  the  circumstances  attending  the  construction  of  the 
Bradfield  reservoir,  and  conclude  as  follows: — "The  filling  of  the  reser- 
voir commenced  in  June,  1863,  on  the  occasion  of  a  heavy  flood,  and 
from  that  time,  with  some  intermissions,  the  reservoir  gradually  increased 
in  depth,  and  at  the  time  of  the  accident,  on  the  11th  of  March,  1864, 
it  bad  attained  to  a  height  which  was  within  three  inches  of  the  top  of 
the  weir.  During  the  whole  of  this  period  no  imperfection  of  any 
kind  had  been  perceived,  the  embankment  and  the  reservoir  being 
absolutely  water-tight;  for  though  a  small  spring  of  ochreous  water 
issued  from  a  shale  bed  in  the  escarpment  on  the  south  side  of  the 
river  below  the  bank,  yet  this  equally  appeared  whether  the  reser- 
voir was  full  or  empty,  and  was,  therefore,  fed  from  other  sources. 
Moreover,  this  water  still  continues  to  issue,  although  the  reservoir 
has  been  emptied  of  its  contents  for  many  months.  There  was 
no  fracture  of  the  pipes,  nor  any  creep  of  water  along  the  outside  of 
them.  The  embankment  was  composed  of  materials  which  would 
not  have  slipped  if  the  base  on  which  it  rested  had  been  immov- 
able. We  must,  therefore,  loolc  fen-  causes  other  than  supposed  imper- 
fections in  the  quality  of  the  materials  or  workmanship  for  the  failure 
of  the  reservoir.  The  weather  during  the  fortnight  previous  to  the 
accident  had  been  exceedingly  wet,  the  rain  so  swelling  the  rivers  as 
to  inundate  all  the  low  country  in  the  East  Riding  of  Yorkshire.  It  is 
in  such  seasons  that  masses  of  earth,  commonly  called  'landslips,' 
become  saturated  with  water  or  lubricated  on  their  bases,  and,  although 
at  other  periods  comparatively  or  altogether  stable,  now  begin  to  move. 
That  the  ground  outside  the  embankment  has  moved  is  evident,  not 
only  from  the  tears  and  fractures  which  are  to  be  observed  in  the  lower 
part  of  the  mass,  but  also  from  the  significant  fact  that  one  cottage 
situated  high  on  the  hill,  and  another  nearer  to  the  foot,  and  both 
remote  from  the  bank,  give  unmistakable  proofs  of  the  recent  move- 
ment of  the  ground  on  which  they  stand.  From  the  testimony  of  the 
occupiers  of  these  cottages  this  movement  must  have  immediately  pre- 
ceded or  been  concurrent  with  the  bursting  of  the  reservoir.  After  a 
full  consideration  of  these  and  other  collateral  circumstances,  we  are 
unanimously  of  opinion  that  the  accident  was  occasioned  by  a  land- 
slip which  occurred  in  the  ground  immediately  on  the  east  side  of 
the  embankment,  and  which  extended  beneath  a  portion  of  its  outer 
slope,  involving  in  its  consequences  the  ruin  of  that  portion  of  the  bank, 
and  producing  the  catastrophe  which  followed.  To  this  conclusion  we 
severally  came  on  our  first  examination  ;  and  every  subsequent  investi- 
gation, and  the  more  intimate  acquaintance  we  have  since  acquired, 
with  all  the  evidence  and  facts  connected  with  the  subject,  have  onty 
the  more  firmly  convinced  us  that  to  no  other  cause  can  the  destruction 
of  the  reservoir  be  rightly  attributed.  We  are,  moreover,  of  opinion  that 
all  the  arrangements  made  by  your  engineers  were  such  as  might  have 
been  reasonably  expected  to  have  proved  sufficient  for  the  purposes  for 
which  they  were  intended,  and  that  if  the  ground  beneath  the  bank  had 
not  moved,  this  work  would  have  been  as  safe  and  as  perfect  as  the 
other  five  or  six  large  reservoirs  of  the  Company,  which  have  been  con- 
structed in  a  similar  manner,  and  which  have  so  long  supplied  the 
town  of  Sheffield  and  the  rivers  Rivelin,  Loxley,  and  Don  with  water. 
With  regard  to  the  propriety  of  repairing  the  broken  embankment,  or 
of  abandoning  it  and  forming  another  elsewhere,  we  are  not  in  a  con- 
dition to  report  fully  on  this  question." 

Thus  in  a  professional  point  of  view  the  interest  in  the  bursting  of 
the  Bradfield  reservoir  is  as  great,  if  not  greater  than  ever ;  for  the  more 
doctors  have  been  called  in  successively,  the  more  they  appear  to  have 
disagreed  as  to  the  true  reason  of  the  disastrous  failure  of  the  work. 

Mr.  Rawlinson,  C.E.,  as  it  will  be  remembered,  was  stated  in  our 
columns  some  months  ago,  attributed  the  failure  to  fracture  of  the  main 
pipes  under  the  thickness  of  the  embankment.  This  solution,  never  to 
our  mind  probable,  was  negatived  subsequently  by  actual  observation 
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of  the  bare  laid  pipes.  But  Mr.  Rawlinson  also  stated  that  the  earth- 
work of  the  embankment  was  very  imperfectly  executed,  both  as  to  its 
material  and  the  way  in  which  it  was  laid  in ;  that,  in  fact,  it  was  as 
"  porous  as  a  sieve."  In  this,  as  a  general  statement,  he  was  unques- 
tionably right,  as  verified  by  our  own  personal  and  careful  examination 
of  the  work.  Many  other  more  or  less  random  opinions  were  uttered 
as  to  the  cause  of  the  giving  way  of  the  embankment,  at  the  date  and 
subsequent  to  the  inquest. 

We  ourselves  formed  a  decided  view  as  to  the  true  causes  of  the 
catastrophe,  and  explained  them  in  former  pages  of  this  Journal,  with 
the  aid  of  diagrams. 

The  essence  of  our  solution  was  this,  that  the  porosity  of  the  inner 
or  up-stream  prism  of  the  embankment,  formed  as  it  was  of  alternate 
layers  of  earth  and  of  loose  stones,  gradually  permitted  the  whole  of  that 
prism  to  get  water-soaked,  and  so  to  bring  the  water  pressure  as  a 
hydrostatic  force  at  last  right  against  the  up-stream  vertical  side  of  the 
puddle  wall  in  the  embankment.  When  that  took  place,  the  whole 
resistance  of  the  embankment  became  reduced  merely  to  that  of  the 
puddle  wall  and  the  outer  prism.  These,  it  admits  of  demonstration, 
were  not  alone  capable  of  sustaining  continuously  the  pressure  of  the 
water  in  the  reservoir.  The  outer  prism  was  bent  or  pushed  partly 
over ;  the  top  was  thus  lowered,  and  the  first  water  that  began  to  run 
over,  or  wash  over  in  large  disturbed  waves,  rapidly  led  to  the  final 
catastrophe,  which  in  all  likelihood  v;as  a  great  slipping  of  the  toe  and 
down-stream  front  of  the  embankment,  after  the  first  few  minutes 
of  the  rush  over  and  down  the  face  had  weakened,  and  in  part 
excavated,  the  down-stream  toe  of  the  bank.  This,  however,  is  a 
different  affair  from  the  utterly  improbable  hypothesis  of  a  landslip 
under  the  embankment. 

The  portion  of  the  last  report  of  the  five  engineers,  which  we  have 
placed  in  italics,  is  one  of  the  most  singularly  loose,  gratuitous,  and 
unsupported  statements  we  have  ever  seen  in  such  a  document.  What 
proof  is  offered  or  even  suggested  that  the  materials  of  the  embank- 
ment would  not  have  slipped  if  the  base  on  which  it  rested  had  been 
immovable  ?  and  who  has  ever  said,  on  good  grounds,  that  it  did  slip? 
How  adroitly,  therefore,  the  flank  is  turned  of  the  real  poiot  at  issue 
by  taking  all  this  for  granted,  and  then  triumphantly  adding,  we  must 
therefore  look  for  other  causes  than  the  supposed  imperfections  of  the 
materials  or  workmanship  for  the  failure  of  the  reservoir. 

Nothing,  as  it  occurs  to  us,  can  be  less  consequential  or  convincing 
than  the  attempts  at  circumstantial  argument,  by  which  it  is  sought  to 
show  that  the  whole  affair  arose  from  a  landslip  at  or  rather  under  the 
outer  toe  of  the  bank.  True  it  was  that  slippery  soil  had  always  existed 
at  the  one  side  of  the  valley,  just  below  the  bank ;  but  its  condition, 
to  a  critical  eye,  after  the  failure  and  inundation  was  precisely  the 
6ame  as  it  was  before  these.  There  was  no  sign  of  any  fresh,  sudden, 
or  groat  slippage,  nor  indeed  of  any  landslip  at  all ;  and  had  any  such 
occurred,  as  its  line  of  movement  must  have  been  transverse  to  the 
valley,  or  along  the  line  of  the  outer  toe,  and  towards  the  centre  of 
the  valley  into  which  such  a  landslip  must  have  precipitated  itself, 
its  effects  would  not  have  been  to  weaken,  but  actually  to  increase  the 
stability  of  the  embankment. 

When  the  rush  of  water  took  place,  and  enormous  masses  of  earth, 
&c,  were  thrown  forward,  and  the  whole  of  the  valley  flanks  adjacent 
shaken  and  disturbed,  the  slippery  side  did  no  doubt,  more  or  less, 
descend  bodily,  though  very  slightly,  and  the  cottages  upon  this  side 
came  with  it  by  some  small  amount,  and  possibly  cracked  their  walls 
more  or  less.  But  what  trustworthy  evidence  is  there  that  they  were 
not  cracked  before  ?  How  extraordinary  an  example  of  the  post  hoc 
propter  hoc  mode  of  reasoning  it  is  to  take  these  events,  all  of  which 
may  be  just  as  easily  viewed  as  consequences,  for  the  causes  of  the 
phenomenon  ! 

There  is  nothing  in  the  fact  that  the  reservoir  was  quite  full  for 
Eome  short  time  and  appeared  to  stand  well,  and  yet  failed  at  last,  that 
necessarily  supports  the  view  of  the  five  engineers'  report.  On  the 
other  hand,  this  is  precisely  the  successive  order  of  facts  that  we  should 
expect  as  consonant  with  the  solution  we  have  given,  and  to  the  truth 
of  which  they  present  strong  corroborative  evidence. 

While  the  vihole  embankment,  inside  and  outside  prisms,  resisted 
the  water  pressure,  it  remained  safe  and  sound.  The  soakage  of  the 
inner  prism  was  a  work  of  time,  the  duration  of  which  depended  on 
the  greater  or  less  porosity  of  the  strata  of  its  material.  Until  the 
water  as  a  continuous  fluid  had  worked  its  way  fairly  into  the  upper 


face  of  the  puddle  wall,  all  may  have  been  well.  At  length,  however, 
the  continuity  of  fluid  involved  continuity  of  hydrostatic  pressure, 
transferred  now  from  the  outside  of  the  inner  slope  of  the  inner  prism 
to  the  nearly  vertical  inner  face  of  the  contained  puddle  wall ;  and 
then  the  consequence  was  as  we  have  indicated  before. 

The  assertions  of  the  five  reporters  (for  we  cannot  dignify  them  with 
the  title  of  conclusions)  that  the  work  was  all  well  done,  and  deserved 
no  exception  to  betaken  to  it — that  the  failure  arose  from  this  assumed 
landslip — and  that  it  is  vain  to  look  for  any  other  cause  for  it — may 
be  very  polite  to  the  reputations  principally  concerned,  and  very  politic 
on  the  part  of  hydraulic  engineers  in  general  anxious  to  allay  the  alarm 
of  the  public  as  to  big  reservoirs  and  embankments ;  but  we  take 
leave  to  say  is  very  far  from  being  a  philosophically  true  and  search- 
ingly  exact  statement  of  the  facts,  or  a  logical  consideration  of  the 
conclusions  to  which  their  accurate  statement  and  colligation  should 
have  led. 

We  therefore  venture  to  commend  to  such  of  our  readers  as  are 
professionally  or  otherwise  interested  in  the  Sheffield  accident  (if  so  it 
may  be  called)  to  turn  back  to  our  previous  article  on  the  subject  and 
reperuse  it,  with  the  report  above  referred  to  before  them,  and  draw 
their  own  conclusions. — Ed. 


BLACEWELL'S  IMPROVED  ANEROID  BAROMETER. 

The  patent  of  Fontainmoreau  (10,157,  A.D.  1844),  for  the  early  forms 
of  aneroid,  has,  we  believe,  expired  some  time. 

The  great  defect  of  these  instruments  always  was  the  incessant 
shifting  of  the  zero  point,  due  to  small  changes  in  the  permanent 
elasticity,  &c,  of  the  flexible  vessels  or  their  adjuncts;  and  hence  the 
necessity  either  for  readjustment  of  scale,  for  which  no  adequate  pro- 
vision was  made,  or  for  the  application  of  a  constant  of  correction, 
which  was  in  truth  never  a  constant.  Once  overstrained,  too,  as  by 
being  carried  to  an  elevation,  or  brought  into  an  atmosphere  of  rarity 
beyond  the  range,  the  instrument  was  disabled.  They  were  wanting 
also  in  minute  precision  of  scale,  a  defect  from  which  even  the  best 
French  instruments,  except  those  of  almost  importable  size,  were  not 
exempt. 

Mr.  Blackwell's  improvements  have  been  designed  to  remove  all  or 
most  of  these  objections.  We  subjoin  his  specification  at  length,  illus- 
trated by  copies  of  the  filed  drawings. 

Thomas  Evans  Blackwell — "  Improvements  in  Barometers  or  Instru- 
ments for  Measuring  Altitudes  or  the  Pressure  of  the  Atmosphere  or 
Elastic  Fluids."     (Patent  dated  5th  Dec,  1862;  numbered  3264.) 

"  My  invention  for  improvements  in  barometers,  or  instruments  for 
measuring  altitudes  or  the  pressure  of  the  atmosphere  or  elastic  fluids, 
relates  to  a  novel  mode  of  constructing  these  instruments,  so  as  to  make 
them  portable,  and  yet  at  the  same  time  exceedingly  sensitive  and 
accurate.  The  desired  object  is  effected  in  some  of  my  improved 
instruments  by  a  combination  of  several  separate  improvements,  but  in 
other  instruments  some  only  of  the  improvements  are  comprised.  In 
all  my  improved  instruments,  however,  the  variations  in  pressure  are 
ascertained  by  means  of  elastic  vacuum  chambers,  as  in  the  ordinary 
aneroid  barometer,  and  I  find  it  convenient  to  employ  four  or  more 
elastic  chambers  arranged  in  groups  or  sets,  so  that  the  inequalities  of 
pressure  or  inaccuracies  of  action  in  any  of  the  several  chambers  shall 
be  compensated  by  the  others.  In  all  my  instruments  these  vacuum 
chambers  are  directly  attached  to  helical  or  other  springs,  the  power  of 
which  has  been  previously  ascertained  with  great  care,  and  which 
reciprocate  the  expansion  or  compression  of  the  chambers  accordingly 
as  they  are  acted  upon  by  diminished  or  increased  pressure. 

"  In  some  of  my  instruments  which  correspond  in  general  form  to  the 
ordinary  aneroid  barometer,  the  resultant  motion  of  these  vacuum  cham- 
bers and  springs  is  communicated  to  the  index  by  bars,  levers,  or  other 
suitable  mechanical  contrivances.  The  effect  of  such  arrangements  is 
to  give  a  large  amount  of  range  or  angular  motion  to  the  index,  so  as 
to  render  the  instrument  specially  applicable  to  the  measurement  of 
moderate  differences  of  heights  and  pressure ;  but  inasmuch  as  the 
giving  this  enlarged  amount  of  angular  motion  or  range  to  the  index 
would  limit  the  range  of  pressures  to  be  observed  by  any  one  instru- 
ment, I  adapt  a  means  of  adjusting  the  tension  of  the  springs  to  any 
greater  or  less  range  of  pressure  which  may  be  exerted  in  the  vacuum 
chambers.     This  is  done  by  means  of  a  screw  attached  to  the  rear  end 
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of  the  springs,  l>y  means  of  which  their  tension  or  pressure  on  the 
vacuum  chambers  can  be  varied  to  the  extent  required. 

"Inother  of  myinstruinentswhich  usually  take  the  form  of  an  elongated 
cylinder  of  portable  size,  there  is  fixed  on  the  axis  connecting  the  vacuum 
chambers  with  the  helical  spring  a  gauge  point,  which  moves  either  way 
with  the  axis  according  as  the  vacuum  chambers  are  compressed  or  ex- 
panded by  an  increase  or  diminution  of  external  or  atmospheric  pressure. 
There  is  also  fixed  to  the  inside  of  the  cylinder  or  case  of  the  instrument 
a  small  bracket  or  frame  carrj'ing  a  kind  of  bell-crank  lever,  the  shorter 
arm  of  which  is,  when  the  instrument  is  set  for  commencing  observations, 
brought  into  immediate  contact  with  and  just  touched  by  the  gauge 
point,  the  larger  arm  coming  at  the  same  time  into  exact  contact  with 
the  curved  face  of  a  block  or  surface  at  the  lower  end  of  the  instrument. 
The  gauge  point  when  raised  or  depressed  by  a  greater  or  less  pressure 
exerted  on  the  vacuum  chambers  caD,  for  the  purpose  of  ascertaining 
the  amount  of  motion  gone  through,  be  brought  back  to  its  normal 
condition  by  means  of  a  screw  attached  to  the  opposite  end  of  the 
spring.  The  ratio  between-  the  tension  of  the  spring  and  the  move- 
ment of  the  vacuum  chambers  under  known  pressures  having  been 
experimentally  determined,  the  value  of  the  amount  of  motion  gone 
through  by  the  gauge  point  is  read  off  on  a  scale  attached  to  a  micro- 
meter screw,  and  working  upon  or  through  the  lower  end  of  the  instru- 
ment into  a  corresponding  female  screw  attached  to  a  cross  head  at  the 
lower  end  of  the  spring.  At  this  part  of  the  spring  the  movement  in  a 
rectilinear  direction  is  greater  than  the  movement  of  that  end  attached 
to  the  gauge  point  of  the  vacuum  chambers. 

"  Having  experimentally  determined  the  ratio  of  these  movements  and 
known  pressures,  I  graduate  a  scale  for  the  linear  movements  on  the 
body  of  the  instrument;  such  scale,  although  much  larger  than  the 
range  of  the  gauge  point  itself  will  admit  of,  is  in  this  instrument 
further  subdivided  in  effect  by  the  addition  of  a  micrometer  to  the  head 
of  the  screw;  the  divisions  on  this  micrometer  are  proportioned  to  the 
rectilinear  movements  of  the  nut  upon  the  screw  while  being  adjusted. 
"  In  order  to  measure  differences  of  pressure  with  this  instrument,  it 
will  be  necessary  to  compare  any  two  or  more  observations  as  read  off 
by  the  coarser  and  finer  adjustment.  In  each  instance  the  difference 
in  the  reading  subject  to  correction  for  temperature  will  represent  the 
difference  in  pressure,  and  therefore  the  difference  in  altitude. 

"  Some  of  my  instruments  correspond  in  general  form  to  the  aneroid 
barometer,  and  are  showu  in  the  accompanying  Drawing  at  figs.  1,  2, 

and  3.  The  resultant  motion 
of  the  combined  vacuum  cham- 
bers and  springs  is  communi- 
cated to  the  index  by  bars, 
levers,  or  other  suitable  me- 
chanical contrivances,  as  will 
be  seen  in  the  Drawing,  m 
which  fig.  1  is  a  front  or  face 
view  of  the  instrument ;  fig.  2 
is  a  back  view  of  the  inside, 
the  back  plate  having  been 
removed  so  as  to  expose  the 
internal  parts  ;  fig.  3  is  a  hori- 
zontal section  of  the  same. 

"  a,  a,  is  a  metal  framework 
for  supporting  the  principal 
working  parts;  b,  b,  are  two 
sets  of  vacuum  chambers,  one 
set  of  which  is  shown  detached 
and  in  section  at  fig.  4.  These 
vacuum  chambers  on  the 
lower  bar  of  the  frame  a 
are  attached  at  their  upper 
ends  to  the  extremities  of  a 
bar  or  crosshead,  c,  which  is  connected  by  means  of  a  link,  d, 
to  one  end  of  a  vibrating  lever,  e,  the  opposite  end  of  which  is 
connected  by  another  link  to  the  adjustable  vibrating  lever  which  is 
mounted  on  the  spindle,/1,  which  carries  the  rack  lever,  g.  The  lever 
/is  adjustable  on  the  spindle,/',  by  means  of  a  slot  and  screw,  as  shown 
in  figs.  2  and  3,  so  that  the  length  of  the  leverage  may  be  regulated  and 
adjusted  with  nicety.  The  lever g  is  provided  at  one  end  with  a  counter- 
balance weight,  g1,  and  at  the  other  with  a  sector  rack,  g*,  which  gears 
into  and  drives  a  pinion  on  the  spindle,  h,  of  the  index  arm,  i.  To  the 
tjiihd  series. — vol.  i. 


upper  end  of  the  sets  of  vacuum  boxes,  b,  b,  are  connected  the  helical 
springs,  j,  j,  which  are  suspended  by  their  opposite  ends  from  the  arms 
of  a  crosshead,  k.  This  crosshead  is  secured  to  the  inner  end  of  a  rod 
shown  by  dots  in  fig.  2,  and  which  is  screwed  at  the  opposite  end  and 
passes  through  a  nut,  I,  shown  detached  in  plan  at  fig.  5.  The  effect 
of    this   arrangement    of 

parts   is  to  give  a  large  Fig.  2. 

amount  of  range  or  angu- 
lar motion  to  the  index,  i, 
so  as  to  render  the  instru- 
ment specially  applicable 
to  the  measurement  of 
moderate  differences  of 
heights  and  pressure.  The 
extent  of  this  motion  may 
be  indicated  and  made 
more  easily  apparent  by 
the  employment  of  tho 
brass  index  hand,  «'*, 
which  is  mounted  on  a 
centre  in  any  convenient 
manner  so  that  it  may  be 
moved  by  hand  to  any 
point,  at  which  it  will 
remain  until  moved  again 
by  hand  to  some  other 
point.  Inasmuch  as  the 
giving  an  enlarged  angu- 
lar motion  or  range  to 
the  index  as  above  men- 
tioned would  limit  the 
range  of  pressures  to  be 
observed  by  any  one  in- 
strument, I  adapt  a  means 
of  adjusting  the  tension, 
of  the  springs  to  any  greater  or  less  range  of  pressures  which  may  be 
exerted  in  the  vacuum  chambers.  This  is  done  by  means  of  the 
adjusting  or  regulating  screw  and  nut,  I,  attached  to  or  connected  with 
the  rear  end  of  the  springs,  j,  j,  as  above  mentioned.  By  screwing 
up  or  unscrewing  this  regulating  screw  and  nut, 
the  tension  or  pressure  of  the  springs,  j,  j,  on  the 
vacuum  chambers,  b,  b,  can  be  varied  to  the  extent 
required,  and  consequently  the  instrument  can 
be  adjusted  to  any  pressure  with  facility. 

"  In  the  accompanying  engraving,  figs.  6, 7,  and 
8  represent  various  views  of  another  form  of  my 
improved  instrument,  which  in  this  instance  is 
made  in  the  form  of  an  elongated  cylinder  of 
portable  size.  Fig.  6  is  a  longitudinal  vertical 
section  ;  fig.  7  is  an  elevation  of  the  tube ;  and 
fig.  8  is  an  end.  view  of  the  instrument,  showing 
a  micrometer  arrangement  for  reading  off  obser- 
vations with  additional  accuracy. 

"  a,  is  the  case  of  the  instrument ;  5,  the  set  of  vacuum  boxes  or 
chambers  provided  with  a  rod,  c,  which  passes  through  a  bracket  fixed 
to  the  side  of  the  case.  The  end  of  this  rod,  c,  is  pointed,  and  is  called 
the  gauge  point.  It  bears  against  one  arm  of  a  bell-crank  lever,  e, 
which  turns  in  bearings  m  a  bracket,/;,  the  larger  arm  of  this  lever 
extends  back  to  a  cylindrical  block,  n,  for  the  purpose  hereafter  explained. 
A  helical  spring,  j,  is  attached  by  oue  end  to  the  rod  of  the  vacuum 
boxes,  6,  and  by  the  other  end  to  the  crosshead,  k,  in  which  is  made  a 
female  screw  to  receive  an  adjusting  screw,  d,  which  turns  freely  in  the 
block,  n,  at  the  head  of  the  instrument.  This  screw,  d,  is  provided 
with  a  milled  head,  n1,  so  that  it  may  be  turned  with  facility  by  the 
finger  and  thumb,  and  it  also  carries  an  index  plate,  r?,  which  also 
works  on  an.  accurately  divided  micrometer  plate,  g,  fixed  on  the  end  of 
the  tube,  a.  The  crosshead,  h,  is  worked  up  and  down  in  a  vertical 
direction  by  turning  the  muled  head,  n1,  of  the  screw,  d,  in  the  required 
direction.  One  end  of  this  crosshead  works  in  a  guide,  k1  (fig.  8),  and 
the  other  end  projects  through  and  works  in  a  slot,  &2  (figs.  8  and  9),  in 
the  side  of  the  instrument.  This  end  of  the  crosshead  acts  as  an  index, 
whereby,  when  the  instrument  is  in  adjustment,  an  observation  as  to  the 
pressure  on  the  vacuum  boxes  may  be  read  off  on  a  divided  scale  made 
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at  the  side  of  the  slot.  On  the  rod  connecting  the  vacuum  boxes  or 
chambers,  b,  with  the  helical  spring,  j,  thero  is  a  gauge  point,  which 
moves  either  way,  that  is,  up  or  down,  with  the  rod,  according  as  the 
vacuum  chambers  are  compressed  or  expanded  by  an  increase  or 
diminution  of  atmospheric  or  other  external  pressure.  In  order  to  test 
and  ascertain  that  the  vacuum  boxes,  b,  and  spring,  j,  are  in  perfect 
equilibrium,  the  bell-crank  lever,  e,  e1,  is  employed ;  it  is  mounted  on 

the  inside  of  the  cylinder  or 
case  of  the  instrument  on  the 
small  bracket  or  frame,/".  The 
shorter  arm  of  this  lever,  when 
the  instrument  is  set  for 
commencing  observations,  is 
brought  into  immediate  con- 
tact with  and  just  touched  by 
the  gauge  point  of  the  rod  c ; 
the  longer  arm,  e1,  of  the  bell- 
crank  lever  comes  at  the  same 
time  into  exact  contact  with 
the  curved  face  of  a  block  or 
other  surface,  u,  placed  at  the 
other  end  of  the  instrument, 
near  the  termination  of  the 
longer  arm,  e1,  of  the  bell- crank 
lever.  The  gauge  point  of 
the  rod,  c,  when  raised  or  de- 
pressed by  a  greater  or  less 
pressure  exerted  on  the  vacuum 
chambers,  6,  can,  for  the  pur- 
pose of  ascertaining  the  amount 
of  motion  gone  through,  be 
brought  back  to  its  normal 
position  by  means  of  the  screw, 
d.  The  ratio  between  the  tension  of  the  spring, 
_;,  and  the  movement  of  the  vacuum  chambers, 
4,  under  known  pressures  having  been  experi- 
mentally determined,  the  value  of  the  amount  of 
motion  gone  through  by  the  gauge  point  of  the 
rod,  o,  is  read  off  on  the  scale  attached  to  the  side  of  the  instrument, 
increased  accuracy  of  observation  being  attainable  by  means  of  the 
micrometer  at  the  lower  end  of  the  instrument.  The  screw,  d,  extends 
through  the  end  of  the  instrument,  and  works  into  a  corresponding 
female  screw  attached  to  the  crosshead,  k,  at  the  other  end  of  the 
spring.  At  this  part  of  the  spring,  j,  tjhe  movement  in  a  rectilinear 
direction  is  greater  than  the  movement  of  that  end  attached  to  the 
gauge  point  of  the  vacuum  chambers,  b.  Having  experimentally  deter- 
mined the  ratio  of  these  movements  and  known  pressures,  I  graduate  a 
scale  for  the  linear  movements  on  the  body  of  the  instrument;  such 
scale,  although  much  larger  than  the  range  of  the  gauge  point  itself  will 
admit  of,  is  in  this  instrument  further  subdivided  in  effect  by  the  addition 
of  the  micrometer  index  to  the  head  of  the  screw.  The  divisions  on 
this  micrometer  are  proportioned  to  the  rectilinear  movements  of  the 
nut  of  the  crosshead,  h,  upon  the  screw  while  being  adjusted.  In  order 
to  measure  differences  of  pressure  with  this  instrument,  it  will  be  neces- 
sary to  compare  any  two  or  more  observations  as  read  off  by  the  coarser 
and  finer  adjustment.  In  each  instance  the  difference  in  the  reading 
subject  to  correction  for  temperature  will  represent  the  difference  in 
pressure,  and  therefore  the  difference  in  altitude,  and  the  altitude  may 
be  calculated  therefrom. 

"  Instruments  constructed  on  the  principle  above  set  forth  may  be 
employed  for  any  purpose  in  which  it  may  be  desired  to  ascertain  or 
register  the  pressure  of  the  atmosphere,  as  in  anemometers,  or  for 
instruments,  such  as  steam  or  pressure  gauges  for  ascertaining  the 
pressure  of  other  aeriform  fluids  or  of  liquids. 

"Having  now  described  myinvention  of  'Improvements  in  Barometers, 
or  Instruments  for  Measuring  the  Altitudes  or  the  Pressure  of  the  Atmos- 
phere or  Elastic  Fluids,'  and  having  explained  the  manner  of  carrying 
the  same  into  effect,  I  claim  as  the  invention  secured  to  me  by  letters 
patent  as  aforesaid,  the  mode  herein  set  forth  of  constructing  instru- 
ments for  measuring  or  ascertaining  altitudes  or  pressures  of  the  air  or 
fluids. 

"  I  claim  particularly  the  combination  of  the  vacuum  chambers  or 
boxes  and  springs,  with  a  screw  or  other  suitable  adjustment,  whereby 


the  tension  of  the  springs  and  the  pressure  on  the  vacuum  chambers  or 
boxes  may  be  brought  into  equilibrio  for  the  purpose  herein  set  forth. 

"I  further  claim  the  mode  shown  of  ascertaining  when  the  vacuum 
boxes  and  spring  are  in  equilibrio,  and  also  the  use  or  application  to 
the  instrument  of  the  micrometer  arrangement,  whereby  variations  in 
pressure  may  be  ascertained  with  great  accuracy." 


We  have  had  two  of  these  instruments  at  our  disposal  for  some  days, 
and  can  personally  testify  to  their  extreme  sensibility — such,  in  fact, 
that  a  difference  in  altitude  of  a  very  few  feet  may  with  care  be 
measured  by  the  larger  circular  instrument ;  and  also  to  the  efficiency 
and  exactness  of  the  adjustments  and  corrections  for  temperature,  &c. 

We  are  enabled  to  subjoin,  however,  an  opinion  on  the  subject  much 
more  valuable  than  our  own,  namely,  that  of  Mr.  Glaisher,  of  the  Eoyal 
Observatory,  Greenwich,  who  writes  as  follows : — 

"  21st  March,  1864. 
"I  have  compared  the  readings  of  two  of  Mr.  Blackwell's  aneroid 
barometers  with  those  of  a  standard  barometer,  at  ordinary  pressures 
of  the  atmosphere  during  the  last  three  or  four  months,  and  I  have  found 
them  to  be  exceedingly  sensitive  and  accurate ;  the  most  accurate 
aneroid  barometers,  perhaps,  which  I  have  ever  examined.  It  was  my 
intention  to  have  examined  one  of  those  instruments  in  a  balloon  ascent, 
but  I  have  not  been  able  to  do  so ;  the  other  (the  round  one)  requires 
adjustment  at  every  two  inches,  and  the  screw  for  this  adjustment  did 
not  accompany  the  instrument.  Briefly,  I  may  add  that  I  am  led  to 
form  a  very  favourable  opinion  of  these  instruments  by  their  exceeding 
sensitiveness  and  accuracy.  James  Glaisher." 


THE  ATLANTIC  TELEGRAPH  CABLE. 

The  second  Atlantic  cable  is  of  itself  completed,  but  in  our  own  opinion, 
by  far  the  chief  essential  of  making  this  connecting  link  available  be- 
tween Great  Britain  and  her  American  cousins  has  yet  to  be  carried  out 
— we  mean  the  immersion  of  the  longest  rope  ever  made  in  the  depths  of 
the  Atlantic.;  for  upon  the  results  attending  this  operation  depends  the 
success  of  the  entire  undertaking.  We,  however,  entertain  no  appre- 
hensions as  to  the  salutary  conclusions  which  the  Atlantic  electric  enter- 
prise shall  achieve,  but  to  all  intents  and  purposes  the  cable  is  evidently 
practically  useless  until  in  thorough  working  order;  and  it  is  a  matter 
of  congratulation  indeed,  to  find  that  after  the  direful  career  attending 
the  first  Atlantic  cable,  men  should  not  be  wanting  to  promote  another, 
and  that  not  without  waiting  to  avail  themselves  of  all  that  was  known 
or  could  be  found  in  the  records  and  investigations  of  science,  to  place 
them  in  a  position  which  could  insure  the  production  within  practical 
limits  of  an  electrically  perfect  means  of  communication  between  the  Old 
and  New  World.  Now  that  the  cable  is  finished,  popular  attention,  as  is 
the  case  in  every  great  undertaking,  has  become  extravagant.  With 
this,  however,  we  have  nothing  to  do ;  it  being  our  duty  to  lay  before  our 
readers  a  resume  of  the  whole  proceedings  connected  with  the  project. 

In  a  scientific,  historical,  or  a  political  sense,  the  success  or  non-suc- 
cess of  the  second  Atlantic  cable  will  form  one  of  the  most  important 
features  of  the  present  century ;  and  to  show  how  largely  this  belief  is 
shared,  it  is  right  to  mention  that,  when  near  completion,  the  whole  of 
the  processes  and  tests,  both  mechanical,  chemical,  and  electrical,  were 
witnessed  by  the  Prince  of  Wales,  Prince  Edward  of  Saxe  Weimar,  the 
Duke  of  Manchester,  the  Duke  of  Sutherland,  the  Right  Hon.  Stuart 
Wortley,  Professors  Wheatstone  and  Thomson,  Lord  Torrington, 
Admiral  Elliot,  Captain  G.  Anderson,  Dr.  Fairbairn,  J.  Brassey,  R. 
A.  Glass,  G.  Elliot,  D.  Gooch,  E.  J.  Reid,  and  numerous  others. 
When  on  board  the  Great  Eastern,  the  Prince  of  Wales  descended 
into  one  of  the  enormous  tanks  when  the  operation  of  coiling  in  was 
carried  on,  and  all  the  time,  the  cable  being  in  motion  at  the  rate  of 
four  miles  an  hour,  the  electrical  tests  were  incessant,  as  they  have 
been  from  first  to  last.  We  can  scarcely  lay  before  our  readers  a 
clearer  general  account  of  the  Atlantic  cable  than  in  the  following 
quotations  from  a  contemporary,  which,  for  the  care  bestowed  on  them, 
we  feel  pleasure  in  reproducing; — 

"  The  entire  length  of  the  telegraph  cable  i6  2300  miles,  so  that 
there  is  16,000  miles  of  copper  wire.  Every  portion  of  this  copper 
wire,  before  being  admitted  to  be  worked  up,  has  been  subjected  to 
electrical  tests  to  ascertain  its  quality  for  conduction  according  to  the 


July  1, 1S65. 


THE   PRACTICAL  MECHANIC'S  JOURNAL. 


107 


system  established  by  the  Atlantic  Telegraph  Company  late  in  1857, 
on  the  representation  of  Professor  Thomson,  then  one  of  the  directors, 
that  he  had  found  copper  wires  of  conductivities  of  from  45  to  100 
per  cent,  of  that  of  the  best  available,  indiscriminately  admitted  up 
to  that  time  in  the  manufacture  of  submarine  cables.  The  next  stage 
was  to  cover  these  wires  with  eight  successive  coats  of  the  insulating 
material,  equal  to  an  aggregate  length  of  18,400  miles.  This  core  was 
nest  covered  with  jute  wound  round  it  from  ten  strands,  making  23,000 
miles  of  jute  yarn.  Then  came  the  outer  coating,  formed  of  the  ten 
covered  iron  wires.  The  iron  wire  itself  is  23,000  miles  in  length,  and 
each  wire  is  covered  separately  with  five  strands  of  tarred  hemp, 
115,000  miles  length  being  required.  This  makes  together  an  aggre- 
gate length  of  material  employed  of  172,500  miles,  or  as  much  as 
would  put  seven  girdles  round  the  earth.  The  care  with  which  the 
cable  has  been  manufactured  in  every  stage  contrasts  in  a  remarkable 
manner  with  the  first  Atlantic  telegraph.  The  Telegraph  Construction 
Company,  by  whom  the  cable  has  been  made,  have  so  large  an  amount 
of  interest  in  the  success  of  the  undertaking,  and  have  besides  their 
own  professional  reputation  so  at  stake,  that  it  will  not  be  matter  of 
surprise  to  hear  that  every  step  in  the  progress  of  the  work  has  been 
watched  with  an  amount  of  anxious  care,  such  as  has  probably  never 
before  been  bestowed  on  any  great  undertaking.  From  first  to  last 
the  cable  has  been  subjected  to  a  series  of  the  most  searching  electrical 
tests,  the  standard  of  insulation  being  fixed  at  a  resistance  per  nautical 
mile  equal  to  150,000,000  of  Siemens'  units,  at  a  temperature  of  75 
degrees — a  standard  wholly  unprecedented  in  any  former  work  of  the 
kind.  In  actual  practice,  this  standard,  high  as  it  is,  has  been  consi- 
derably exceeded,  and  the  present  Atlantic  cable  has  come  out  success- 
fully from  a  series  of  trials  of  the  most  remarkable  character.  The 
results  which  have  been  obtained  have  been  due  mainly  to  the  searching 
investigation  into  the  qualities  of  insulating  substances  which  is  now 
practicable  by  means  of  the  mirror  galvanometer  of  Professor 
Thomson,  of  Glasgow,  the  action  of  which  was  explained  some  time 
since.  Another  of  the  tests  which  has  been  employed,  was  that  of 
applying  separately  to  each  joint  in  the  gutta  percha  covering  a  test  of 
soaking  it  for  twenty-four  hours  in  warm  water  previous  to  passing  the 
electric  current  through.  A  third,  and  perhaps  most  trying  and  con- 
tinuous test,  was  that  of  allowing  no  part  of  the  cable  to  be  out  of  the 
water,  except  while  merely  in  transitu  from  one  reservoir  to  the  other ; 
and  in  connection  with  this,  it  may  be  mentioned  that  the  wrapping 
of  jute  yarn,  which  forms  the  padding  around  which  the  external  wires 
are  spun,  instead  of  being  soaked  in  tar,  as  in  other  cables,  which  has 
the  effect  of  temporarily  stopping  up  and  concealing  minute  flaws,  has 
been  simply  tanned  to  preserve  it  from  decay ;  thus  admitting  the 
water  to  search  out  every  part  of  the  cable,  and  keep  it,  in  fact,  con- 
stantly surrounded  with  a  wrapping  of  wet  yarn.  The  process  of  coil- 
ing the  cable  on  board  the  Great  Eastern  has  been  subject  at  every 
stage  to  the  same  amount  of  care  as  during  the  manufacture.  The 
cable  is  coiled  on  board  the  Great  Eastern  into  three  enormous  tanks. 
The  first  of  these  wrought-iron  structures  is  in  the  forward  part  of 
the  ship,  and  is  51  feet  in  diameter ;  that  in  the  midships  over  the 
boilers  is  58  feet  6  inches,  and  that  in  the  afterpart  is  58  feet.  The 
first  will  hold  a  coil  of  630  miles  of  cable,  the  second  one  of  840, 
and  the  third  one  of  830.  About  500  miles  have  still  to  be  stowed 
away  on  board,  and  it  will  take  a  fortnight  to  complete  this  work. 
The  mere  cable  is  but  an  item  of  the  heavy  weights  the  Great  Eastern 
will  have  to  carry  on  this  occasion.  Her  draught  of  water  will  be 
rather  over  than  under  30  feet,  and,  all  told,  her  weights,  when  starting 
from  Valentia,  will  come  near  the  stupendous  mass  of  18,000  tons. 
The  paying-out  apparatus  moves  easily  with  a  strain  of  2201b.,  and  it 
is  intended  to  keep  it  working  by  means  of  an  endless  band  turned  by 
machinery  for  at  least  a  fortnight  before  the  departure  of  the  expedi- 
tion, in  order  to  test  not  only  the  rate  at  which  the  cable  can  be  run 
safely  out,  but  the  strain  to  which  it  can  be  subjected  in  the  machine. 
The  dynamometer  for  testing  the  strain  is  to  be  of  the  same  kind  as 
those  which  have  of  late  been  almost  exclusively  used  in  submarine 
work.  The  shore  ends  of  the  cable  are  in  course  of  manufacture  at 
the  works  of  Mr.  W.  T.  Henley,  at  North  Woolwich.  This  portion 
of  the  cable  is  the  largest  ever  yet  constructed.  The  core  or  heart  of 
it  is  formed  by  the  main  cable,  which  is  wrapped  with  a  serving  of 
yarn  to  a  size  sufficient  to  receive  around  it  twelve  strands  of  wire, 
each  strand  being  composed  of  three  galvanized  iron  wires,  each  of 
which  wires  is  nearly  a  quarter  of  an  inch  in  diameter.     The  weight 


of  the  completed  shore  cable  is  nearly  20  tons  to  the  mile.  The 
diameter  of  the  entire  shore  end  is  2j  inches.  At  its  junction  with 
the  main  cable,  it  is  made  to  taper  down  to  the  size  of  the  latter  by  a 
gradual  diminution  in  diameter  extending  over  500  yards.  These 
shore  ends  are  to  be  sent  round  in  different  vessels,  the  end  required 
for  Valentia  being  about  twenty-five  miles  long,  that  for  Newfoundland 
only  five. 

"  According  to  present  arrangements,  it  is  believed  that  the  Great 
Eastern  will  start  in  the  very  early  part  of  July,  and  certainly,  if 
possible,  not  later  than  the  10th.  With  her  will  also  sail  her  Majesty's 
ships  Terrible  and  Sphinx,  which  will  give  towing  aid  to  the  Great 
Eastern  in  case  of  mishap  to  her  engines,  either  screw  or  paddle. 
These  engines  will  certainly  not  be  overtasked,  as  it  is  intended,  if 
possible,  not  to  let  the  vessel  go  beyond  a  speed  of  six  knots.  Captain 
Anderson,  of  the  Cunard  service,  who  is  in  command  of  the  Great 
Eastern,  is  in  favour  of  starting  towards  the  early  part  of  July.  With 
ordinarily  fair  weather,  and  steaming  at  the  rate  of  six  knots,  it  is 
expected  that  the  voyage  from  Valentia  to  Heart's  Content,  Trinity 
Bay,  Newfoundland,  will  occupy  from  twelve  to  fourteen  days,  during 
every  hour  of  which  regular  communication  will  be  kept  up  with 
England. 

"  If  all  goes  well,  there  is  no  reason  why  Washington  and  London 
should  not  be  in  telegraphic  communication  by  the  end  of  July.  The 
cable  has  been  made  at  the  average  rate  of  about  seventeen  miles  per 
day  complete  ;  and  in  some  days  its  outside  covering  of  hemp  and  iron 
has  been  laid  on  at  the  rate  of  173  miles  a  day,  though  not  a  foot  has 
been  manufactured  without  every  part  being  kept  under  constant  test 
for  continuity  and  insulation,  and  to  this  hour  it  is  as  regularly  tested  as 
it  was  a  year  ago,  when  the  first  mile  was  made.  In  strength  the  cable 
is  capable  of  bearing  a  strain  of  7^  tons,  while  its  specific  gravity  is  so 
low  that  it  can  be  depended  on  to  support  eleven  miles  of  its  own 
length  in  water.  The  weight  of  copper  in  the  conducting  portion  of 
the  cable  is  300  pounds  for  each  nautical  mile,  as  against  106  pounds  in 
the  first  cable.  This  is  in  itself  an  important  point  of  difference,  the 
weight  of  copper  for  the  conducting  wires  in  the  whole  length  being 
more  than  200  tons  greater  than  in  the  former  one.  These  conducting 
wires  are  insulated  by  four  layers  of  gutta  percha,  laid  on  alternately 
with  four  thin  layers  of  the  material  known  as  Chatterton's  compound, 
the  diameter  of  the  core  thus  covered  being  about  half  an  inch — the 
difference  between  the  nautical  and  geographical  mile  being  in  the  pro- 
portion of  2126  to  1760  yards— the  weight  of  the  insulator  in  the  first 
cable  was  261  pounds,  in  the  present  one  it  is  400  pounds  per  mile. 
For  the  protection  of  the  core  and  the  insulating  portions,  there  is  a 
'  padding' or  coating  of  soft  jute  yarn,  saturated  with  a  preservative 
mixture,  which  is  wound  round  and  next  to  the  outer  surface  of  the 
gutta  percha.  This  will  help  to  resist  the  strain  brought  to  bear  upon 
the  cable  when  a  great  length  is  paid  out  in  deep  water.  Outside  of 
this  padding  is  the  main  protective  coating,  forming,  of  course,  no  part 
of  the  telegraph  proper.  It  consists  of  ten  solid  wires,  drawn  from 
homogeneous  iron.  Each  of  these  wires  is  surrounded  separately  with 
five-strand-tarred  manilla.  The  ten  strands  are  then  laid  spirally  round 
the  padded  core,  and  make  the  cable  up  to  a  diameter  of  1£  inch  over 
all.  Their  effect  is  to  give  great  strength  to  it,  and  to  protect  the 
copper  wire  and  the  gutta  percha  from  stress  when  a  heavy  strain  comes 
upon  the  cable.  In  the  first  Atlantic  telegraph  the  protection  of  the 
core  was  effected  by  eighteen  strands  of  charcoal  iron  wire,  each  strand 
composed  of  seven  thread-like  wires,  laid  spirally  round  on  the  core. 
The  line  now  just  completed  has  a  vast  superiority  over  the  former  in 
regard  to  its  specific  gravity.  The  first  weighed  in  air  20  cwt.,  this 
weighs  34  cwt.  to  the  nautical  mile ;  in  water,  however,  the  weight 
of  the  first  was  13-4  cwt.  per  mile ;  and  that  of  the  second,  notwith- 
standing its  greater  strength  and  increased  diameter,  is  but  14  cwt. 
When  it  is  considered  that  probably  some  eight  or  ten  miles  of  the 
cable  will  be  suspended  in  water  between  the  points  on  which  it  rests 
at  the  bottom  of  the  ocean  and  the  ship  from  which  it  is  being  paid 
out,  it  will  be  seen  at  once  how  important  is  this  great  increase  of 
strength,  obtained  as  it  is  with  so  small  an  addition  to  its  weight  in 
water.  Buoyancy  combined  with  strength  has  been  obtained  in  a 
very  satisfactory  manner.  The  hemp  which  surrounds  the  protecting 
covering  of  the  iron  wires  is  much  lighter  than  water,  hence  the  com- 
paratively low  specific  gravity.  The  strength  or  breaking  strain  was 
in  the  first  telegraphic  cable  65  cwt.,  in  the  present  it  is  155  cwt.,  or 
considerably  more  than  twice  that  of  the  former. 
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"  With  the  improved  telegraphic  instruments  of  Professor  Thomson 
and  Mr.  Varley,  there  is  no  doubt  of  being  able  to  work  through  the 
cable  between  Ireland  and  Newfoundland  with  perfect  accuracy  at 
the  rate  of  eight  fully  spelled  words  per  minute.  But  even  with  so 
good  a  speed  as  this  (when  we  consider  that  thirty-six  submarine  wires 
are  constantly  used  in  the  telegraphic  work  between  England  and 
Europe),  we  cannot  for  a  moment  imagine  that  one  cable  will  suffice  for 
the  communication  between  America  and  the  rest  of  the  civilized  world ; 
and  we  are  glad  to  hear  that  the  directors  of  the  Atlantic  Telegraph 
Company  intend  to  commence  arrangements  for  laying  a  new  cable 
as  soon  as  the  present  cable  is  in  operation." 


ON   ANCIENT    MORTARS. 
By  William  Wallace,  Ph.D.,  F.R.S.E.,  F.C.S. 

{From  the  "  Chemical  News"  April  21,  1865.) 

Having,  by  the  kindness  of  William  Clarke,  Esq.,  C.E.,  who  has 
recently  returned  from  the  East,  been  supplied  with  specimens  of 
mortars  and  plasters  from  well-known  ancient  buildings  in  Egypt, 
Greece,  Italy,  and  the  island  of  Cyprus,  I  have  submitted  a  number 
of  them  to  analysis,  with  the  object  of  determining  several  points  of 
interest.  The  ages  of  the  mortars  vary  from  1600  to  upwards  of  3000 
years,  thus  dating  back  to  the  most  ancient  historical  periods.  I  pro- 
pose, in  the  present  notice,  to  give  the  results  of  the  analysis  of  such  of 
the  specimens  as  I  have  examined. 

Mortar  of  the  Great  Pyramid. — Two  specimens  of  mortar  from  the 
Pyramid  of  Cheops  were  examined,  one  being  from  the  interior  and  the 
other  from  the  outside  of  the  structure.  That  from  the  interior  was 
from  the  great  chamber  or  the  passage  leading  to  it.  Both  specimens 
present  the  same  appearance — that  of  a  mixture  of  plaster  of  a  slight 
pinkish  colour,  with  crystallized  selenite  or  gypsum.  They  do  not 
appear  to  contain  any  sand,  the  silicic  acid  being  evidently  in  combina- 
tion with  alumina  as  clay.  Part  of  the  selenite  was  probably  burnt, 
and  the  result  mixed  up  with  burnt  lime,  ground  chalk,  or  marl,  and 
coarsely-ground  selenite.  The  latter  would  act  the  part  of  sand  in  our 
mortars — i.e.,  prevent  undue  contraction  in  drying.  The  quantity  of 
water  is  almost  exactly  what  is  required  to  form  the  ordinary  hydrate 
of  sulphate  of  lime  with  two  equivalents  of  water.  The  mortar  is  easily 
reduced  to  fragments,  but  possesses  a  moderate  degree  of  tenacity. 
Professor  C.  Piazzi  Smyth,  who  is  at  present  making  explorations  in 
the  pyramid,  and  to  whom  I  have  communicated  the  results  of  my 
analysis,  has  informed  me  that  large  quantities  of  gypsum  and  alabaster 
are  found  in  its  vicinity  ;  and  that  some  enormous  slabs  of  alabaster  or 
selenite  have  been  discovered  lining  the  walls  of  a  large  tomb  recently 
opened.  The  material  of  which  the  pyramid  itself  is  constructed  being 
limestone,  there  is  no  difficulty  in  accounting  for  the  presence  of  the 
lime. 

Interior.  Exterior. 

Sulphate  of  lime,  hydrated, 81-50*  ...  82'89* 

Carbonate  of  lime  (C03  calculated) 9-47  ...  9-80 

Carbonate  of  magnesia    (do.  do.), -59  ...  -79 

Oxide  of  iron, -25  ...  -21 

Alumina, 2'41  ...  300 

Silicic  acid, 5-30  ...  4-30 

99-52  100-99 

Ancient  Phoenician  Mortars  from  Cyprus. — Two  specimens  were 
obtained  from  Cyprus.  The  first  is  from  the  ruins  of  a  temple  near 
Larnaca,  the  highest  stone  of  which,  at  present  remaining,  is  five  feet 
below  the  level  of  die  ground,  and  the  lowest  about  eighteen  feet.  Mr. 
Clarke  supposes  this  to  be  the  most  ancient  mortar  in  existence,  and  it 
c  :rtainly  is  one  of  the  best  I  have  ever  seen.  It  is  exceedingly  hard 
and  firm,  and  appears  to  have  been  made  of  a  mixture  of  burnt  lime, 
sharp  sand,  and  gravel,  some  of  the  fragments  being  about  half-an-inch 
diameter.  On  solution  in  hydrochloric  acid,  it  gave  a  small  quantity 
of  soluble  silica,  amounting  to  '52  per  cent. 

The  other  specimen  from  Cyprus  is  a  cement  used  for  joining  water 
pipes.  These  pipes  were  found  near  Larnaca  ten  feet  below  the 
surface  of  the  ground,  and  bear  evidence  of  extreme  antiquity ;  they 
are  of  red  clay,  about  eleven  inches  diameter,  and  are  connected  by 
spigot  and  fawcet  joints,  the  intervening  spaces  being  filled  with  the 
cement,  and  afterwards  coated  with  a  black  substance  which  was  found 
*  Water  by  actual  estimation,  10-66,  17'38. 


to  be  bitumen.  This  mortar  or  cement  is  very  hard,  and  perfectly 
white  in  colour.  It  will  be  observed  that  in  both  of  these  Phoenician 
mortars  the  lime  is  almost  completely  carbonated. 

Temple.  Cement. 

Lime, .'. 26  40  ...  51-58 

Magnesia, -97  ...  -70 

Sulphuric  acid, -21  ...  -82 

Carbonic  acid 20-23  ...  4060 

Sesquioxide  of  iron, -99  ...  — 

Alumina, 216  ...  -40 

Silicic  acid  and  fine  sand, 16-20  ...  -96 

Coarse  sand, 3'37  ...  — 

Small  stones, 28'63  ...  — 

Organic  matter, '56  ...  *24 

Water, -54  ...  3-09 

100-26  9839 

Ancient  Greet:  Mortars. — The  first  specimen  is  taken  from  a  part 
of  the  Pnyx,  the  platform  from  which  Demosthenes  and  Pericles 
delivered  many  of  their  orations.  It  has  been  long  exposed  to  the 
action  of  the  weather,  is  very  hard,  and  of  a  greyish  white  colour. 
The  other  specimen  is  plaster  from  the  interior  of  an  ancient  temple  at 
Pentelicus,  near  Athens.  It  has  not  been  exposed  to  the  weather,  the 
temple  being  in  a  cave ;  it  is  of  a  pale  cream  colour,  and  moderately 
hard.     The  analytical  results  are  the  following : — 

Pnyx.  Temple  at  Pentelicus. 

Lime, 45-70  ...  4965 

Magnesia, 1-00  ...  1.09 

Sulphuric  acid, —  ...  1-04 

Carbonic  acid, 37-00  ...  38-33 

Sesquioxide  of  iron, -92  ...  -82 

Alumina 2-64  ...  -98 

Silicic  acid  and  sand, 12'06  ...  3-90 

Water, -36  ...  3-07 

9968  98-88 

In  the  mortar  from  the  Pnyx  the  carbonic  acid  is  exactly  the  amount 
required  by  the  lime  and  magnesia,  supposing  both  to  be  completely 
carbonated ;  in  that  from  the  temple  the  carbonating  is  nearly,  but  not 
quite  complete. 

Ancient  Roman  Mortars. — These  differ  from  those  already  mentioned 
in  being  evidently  prepared  by  mixing  with  burnt  lime,  not  sand,  but 
puzzeolana,  or  what  is  commonly,  although  improperly,  called  volcanic 
ash.  Of  these,  four  specimens  were  examined,  but  two  only  of  the 
analyses  were  completed,  owing  to  deficiency  of  material.  The  first  in 
the  following  table  was  taken  from  Adrian's  Villa  at  Tivoli,  near  Rome  ; 
it  is  a  tolerably  hard  and  firm  mortar,  of  a  rather  dark  grey  colour. 

The  second  is  plaster  from  the  interior  surface  of  a  wall  at  Hercula- 
neum ;  it  is  hard,  evidently  exposed  on  one  side  to  the  action  of  hot 
volcanic  mud,  and  of  a  red  tint.  The  third  specimen  is  from  the  roof 
of  the  Latin  tombs  near  Rome,  of  a  pale  reddish-brown  colour.  The 
fourth  is  a  cement  or  mortar  from  a  mosaic  forming  the  floor  of  the 
baths  of  Caracalla,  Rome.  All  these  mortars  were  hard  and  firm,  and 
contained  an  appreciable  amount  of  silicic  acid  in  combination  : — 

Adrian's  Hercula-  Latin  M      . 

Villa.  neum.  tombs.  Mosaic. 

Lime, 15-30  ...  2988  ...  1971     ...     25-19 

Magnesia, -30  ...  -25  ...  -71     ...          '90 

Potash, 1-01  ...  3-40  ...  not  estimated. 

Soda, 2-12  ...  3-49  ...  not  estimated. 

Carbonic  acid, 11-80  ...  23-80  ...  1361     ...     1797 

Peroxide  of  iron, 4-92  ...  232  ...  123     ...       367 

Alumina, 14-70  ...  2'86  ...  16-39     ...     10-64 

Silicic  acid  and  sand, ...  41-10  ...  33  36  ...  36  26              30-24 

Organic  matter,  2-28  ...  1-50  ...  —        ...       2-48 

Water, 520  ...  1-00  ...  8'20      ...       5-50 

98-73  101-86 

General  Remarks. — These  analyses  appear  to  show  that  the  lime  in 
mortars  and  plasters  becomes  in  the  course  of  time  completely  carbon- 
ated, and  does  not  form  a  combination  consisting  of  CaO,  HO-|-CaO,C02, 
a  conclusion  that  has  been  arrived  at  by  some  authorities.  They  also 
show  that  in  all  cases  where  the  mortar  is  freely  exposed  to  the  weather, 
a  certain  proportion  of  alkaline  or  earthy  silicate  is  formed,  which  in 
all  probability  confers  additional  hardness,  and  that  those  mortars  are 
the  hardest  which  have  been  long  below  ground.  It  is  well  known  to 
builders  that  those  walls  are  strongest  that  are  built  during  a  rainy 
season,  and  that  when  mortar  dries  quickly  it  becomes  crumbly  and 
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possesses  little  binding  power.  When  kept  wet  for  some  time,  a  small 
proportion  of  silicate  of  lime  will  be  formed,  which  will  not  only  make 
the  mortar  itself  harder,  but  will  unite  it  more  firmly  with  the  stone. 
It  is  curious  that  the  mortar  which  is  probably  the  most  ancient  (the 
specimen  from  a  Phoenician  temple),  is  by  far  the  hardest  and  firmest — 
in  fact,  like  a  piece  of  rock.  It  is  a  concrete  rather  than  a  mortar,  and 
its  excellence  seems  to  indicate  that  a  large-grained  sand  is  best  for 
building  purposes,  and  that  even  small  gravel  may,  in  certain  cases,  be 
used  with  advantage. 


ON  A  NEW  METHOD  OF  CASTING  THE  CYLINDERS  FOR 
BRIDGE  PIERS. 

A  snrpLE,  though  no  less  important,  improvement  in  the  mode  of 
casting  the  iron  cylinders  for  bridge  piers  has  just  come  under  our 
notice,  by  which  the  usual  necessity  of  planing  the  vertical  joints  used 
in  large  piers  is  avoided.  Although  we  are  not  yet  acquainted  with 
the  entire  secret,  still  we  have  seen  enough  to  speak  of  its  value. 

It  has  been  introduced,  we  believe,  for  the  first  time  in  casting  some 
cylinders  for  the  piers  of  an  Australian  railway  bridge  ;  and  the  results, 
which  we  have  ourselves  inspected,  are  self-evident. 

As  far  as  we  can  learn,  the  idea  originated  with  Mr.  Gourlay,  of  the 
firm  of  Alston  &  Gourlay  (British  Ironworks),  Glasgow. 

Its  value  may  be  best  explained  by  first  pointing  out  the  routine  of 
the  old  modus  operandi.  Until  now  it  has  been  the  practice  in  making 
large  piers  to  cast  the  cylinders  in  separate  segments  of  a  circular 
form,  those  segments  being  formed  with  flanches  on  their  vertical  edges, 
by  which  they  are  united  together ;  but  before  uniting  them  it  has  been 
imperative  (so  that  sound  results  may  be  insured)  to  plane  these  edges 
and  bolt  the  requisite  number  of  pieces  together  to  form  the  circle, 
previous  to  fixing  them  in  the  lathe  for  facing  their  ends.  With  Mr. 
Gourlay's  process  all  this  detail  is  avoided.  The  cylinders  are  cast 
in  one  piece,  the  pattern  being  formed  with  interior  vertical  ribs ; 
and  before  casting,  a  plate  of  cast  iron  is  placed  in  the  mould  down 
the  central  part  of  each  of  the  rib-ways.  The  cast  iron  plates  are 
not  quite  so  broad  as  the  flanches  are  deep,  their  inner  edge  is  made 
to  touch  the  inner  edge  of  the  rib-way;  so  that,  when  the  metal  is 
run  in,  the  inner  edges  of  the  ribs  and  the  inner  edges  of  the  cast 
iron  plate  may  be  flush ;  and,  owing  to  the  lesser  width  of  the  plate, 
the  exterior  surface  of  the  cylinder  is  cast  without  any  break.  In  the 
cylinders  which  we  have  seen,  the  circular  flanches  by  which  the  seg- 
ments are  bolted  together  are  cast  solid,  or  nearly  so,  the  cast  iron  slips 
projecting  but  a  short  distance  into  them.  The  casting  thus  produced 
is  solid,  and  rigid  enough  when  bolted  into  the  lathe  to  withstand  the 
strain  of  being  faced  up. 

It  must  now  be  mentioned  that  the  dividing  plates  of  cast  iron  are 
covered  with  a  solution  of  something  (we  know  not  what  at  present) 
on  one  side,  to  prevent  the  fluid  metal  as  it  is  poured  into  the  mould 
from  uniting  to  them,  whilst  the  opposite  side  and  one  edge  of  the 
plates  are  left  clear,  so  that,  to  use  the  foundry  term,  the  two  are 
"  burnt  together." 

By  this  means  the  former  costly  necessity  of  planing,  bolting,  and 
unbolting  the  several  segments  in  a  cylinder,  as  well  as  the  time  employed 
therein,  is  avoided. 

As  soon  as  the  cylinders  are  turned  up  and  taken  from  the  lathe,  a 
chisel  or  wedge  is  simply  driven  in  between  the  clear  edge  of  the  cast- 
iron  plate  and  the  opposite  flanch.  At  each  division  a  very  few  blows 
of  a  hammer  then  divides  the  cylinder  in  plates,  finished  ready  for 
shipment  and  erection  at  their  destination. 


PARNACOTT'S  SAW  SHARPENING  MACHINE. 

In  this  machine,  manufactured  by  Messrs.  Greenwood  &  Batley,  of 
Leeds,  a  novel  arrangement  is  employed  for  sharpening  and  shaping 
the  teeth  of  circular  and  straight  saws,  by  the  aid  of  emery  or  other 
cutting  wheels,  the  object  to  be  attained  being  the  completion  of  the 
sharpening  process  without  the  use  of  files. 

Attempts  have  been  made  for  some  years  past  to  reduce  the  cost 
of  saw  sharpening  in  assisting  the  filing  process  by  the  use  of  small 
grindstones  presented  to  the  plate  at  the  proper  angles  necessary  to 
form  the  tooth;  but  in  all  earlier  attempts  the  rapid  wear  upon  the 
grinding  wheel  soon  caused  these  machines  to  be  abandoned. 


Some  few  years  since  a  foreign  machine  was  introduced  into  this 
country,  and  although  a  considerable  saving  was  effected,  the  adjust- 
ments necessary  to  form  the  tooth  were  defective,  and  the  emery  wheels, 
although  superior  to  those  previously  in  use,  were  not  sufficiently 
lasting  to  complete  the  process  with  either  accuracy  or  despatch. 

Fig.  1  of  the  engravings  represents  a  front  elevation  of  the  machine, 


with  a  circular  saw  attached  ready  for  sharpening ;  and  fig.  2  repre- 
sents the  back  of  the  same  machine,  with  the  vice  and  slide  used  in 
sharpening  straight  saws  attached  to  the  swivelling  frame. 

The  machine,  when  divested  of  the  necessary  driving  gear,  may  be 
described  as  follows : — On  the  top  of  the  standard  a  frame  is  mounted 
in  horizontal  centres,  and  this  frame  or  table  can  be  incliued  to  the 


required  angle  and  secured  in  that  position  by  the  quadrant.  The 
grinder  is  fixed  in  a  rocking  frame,  which  is  mounted  on  a  vertical 
slide,  and  has  likewise  a  horizontal  circular  motion.  A  stop  is  also 
provided  to  determine  the  depth  to  which  the  cutter  may  penetrate, 
and  a  balance  weight  for  this  purpose  keeping  the  grinder  away  from 
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the  saw  when  the  attendant  is  shifting  from  tooth  to  tooth.  In 
sharpening  a  saw,  the  blade  being  secured  at  the  required  angle  upon 
the  swivelling  table,  the  grinder  frame  is  next  adjusted  horizontally,  so 
that  the  inclined  face  of  the  tooth  is  obtained ;  and  should  it  be  neces- 
sary to  gullet  the  tooth,  the  vertical  slide  will  have  to  be  raised  or 
depressed  so  as  to  bring  the  centre  of  the  grinder  above  or  below  the 
face  of  the  plate.  The  stop  being  adjusted,  it  is  only  necessary  to 
bring  each  alternate  tooth  into  position,  and  let  the  grinder  cut  its  way 
until  arrested  by  the  fixed  stop.  The  saw  plate  may  either  be  reversed, 
and  the  alternate  teeth  treated  as  before  described,  or  the  grinder  may 
be  lowered.  To  complete  the  sharpening,  the  tops  of  the  teeth  have 
now  to  be  treated.  A  wide  grinding  wheel  is  fixed  on  the  frame  and 
adjusted,  both  vertically  and  horizontally,  to  secure  the  proper  angles, 
and  the  alternate  teeth  treated  as  in  the  facing  process,  and  the  sharp- 
ening will  be  complete. 

ENGINES  OF  THE  SCREW  HOPPER  BARGES  FOR  THE 
SUEZ  CANAL. 

{Illustrated  by  Plate  5.) 

Since  the  publication  of  our  last  Part,  the  third  barge  has  arrived  at 
Port  Said  from  the  Clyde,  in  nineteen  days,  burning  on  the  run  out 
only  115  tons  of  Scotch  steam  coal — being  at  the  daily  rate  of  6  tons, 
or  nearly  5  cwts.  per  hour. 

We  now  proceed  to  describe  the  engines.  As  mentioned  in  the 
specification,  which  we  published  last  month,  these  were  to  be  "  direct 
tilt,"  and  fitted  with  a  suitable  surface  condenser. 

The  results  obtained  with  the  species  of  condenser  employed  in  all 
the  barges  (Lobnitz's  patent)  are  amongst  the  highest,  if  not  the  very 
highest,  on  record — a  vacuum  of  29  inches  of  mercury  having  been 
maintained  during  the  whole  time  that  the  engines  have  been  at  work. 

Fig.  1  is  a  partial  side  elevation  and  longitudinal  section  of  these 
engines.     Fig.  2  is  a  section  through  one  cylinder  at  right  angles  to 

fig.  1. 

In  all  the  figures  the  cylinders  are  marked  A ;  and  in  figs.  1  and  2 
there  is  shown  one  piston-rod,  B,  which  is  maintained  in  a  position 
permanently  central  with  the  cylinders,  by  the  guide-bush,  c,  a  forked 
connecting-rod,  D,  for  actuating  the  crank-shaft,  E,  being  attached  to 
the  piston-rod  by  the  crosshead,  F.  From  this  same  crosshead,  f,  the 
air  and  circulating  pumps,  G  and  H,  are  driven — their  plungers  being 
connected  by  links  to  the  vibrating  levers,  I,  as  more  particularly  seen 
at  fig.  2. 

The  starting  gear  is  very  conveniently  arranged  for  being  actuated 
when  the  engineman  is  either  on  deck  or  below,  as  is  evident  from  fig. 
1,  where  the  vertical  shaft,  l,  fitted  with  upper  and  lower  handles,  n, 
and  an  index  pointer,  is  attached  to  the  throttle  valve,  m,  by  a  system  of 
rods  and  levers. 

The  valve  gearing  is  also  actuated  for  starting  by  the  lever  o.  The 
screw-shaft  is  fitted  with  a  thrust  bearing  at  p  ;  water  or  oil,  or  both,  being 
kept  in  the  lower  part  of  the  axle-box. 

A  lengthy  description  of  these  engines  would,  in  the  present  instance, 
be  superfluous,  after  the  publication  in  our  last  Part  only  of  the  specifi- 
cation, according  to  the  directions  of  which  they  have  been  built,  and 
to  which  for  any  information  not  now  given  our  readers  must  be 
referred. 

In  conclusion,  we  can  but  add  that  the  engines,  which  we  have  our- 
selves repeatedly  seen,  are  in  themselves  most  unique,  and  in  working 
results  have  probably  never  been  excelled. 

To  the  practical  eye  the  engines  of  the  Suez  Canal  Barges  present 
numerous  features  well  worth  study. 


RECENT     PATENTS, 


SOUNDING  ALARM  OR  SIGNAL  BELLS. 

Paul  Baddet,  Paris.— Patent  dated  1st  September,  18G4. 

THIS  invention  relates  to  a  peculiar  construction,  arrangement,  and 
combination  of  apparatus  or  mechanism  for  sounding  alarm  signals  or 
call  bells  at  any  required  intervals  of  time  in  one  or  more  parts  of  a 
building  or  works,  and  consists  of  a  clock  movement  or  train  of  wheels 


and  pinions,  actuated  by  an  ordinary  barrel  spring  or  by  a  weight ; 
such  clock  movement  being  started  or  set  in  motion  at  such  times  as 
the  signals  are  to  be  given  by  the  action  of  a  clock  or  time-piece  with 
which  it  is  in  connection.  Fig.  1  represents  a  front  view  of  the  appa- 
ratus complete,  drawn  full 

size.    Fig.  2  is  a  correspond-  Fig.  1. 

ing  side  or  edge  view  of  the 
same;  and  fig.  3  shows 
details  which  will  be  after 
more  fully  referred  to.  The 
clock  movement  or  train  of 
wheels  above  referred  to, 
consists  of  a  large  toothed 
wheel,  A,  gearing  into  a 
small  pinion,  b,  on  the  axis 
of  which  pinion  there  is 
fitted  a  second  large  wheel, 
c,  gearing  into  a  second 
small  pinion,  D.  The  axle 
ofthislast-mentionedpinion, 
D,  carries  at  one  end  a 
notched  detent  disc,  E,  into 
which  is  engaged  a  project- 
ing tooth,  f,  on  a  vertical 
detent  lever,  g,  which  works 
on  a  centre,  H,  at  its  lower 
extremity,  the  tooth  serving 
as  a  detent  to  stop  the 
movement  of  the  train  of 
wheels  and  pinions,  A,  B,  C, 
and  D,  until  it  is  withdrawn 
from  the  notch  in  the  disc, 
e,  by  the  action  of  special 
mechanism  in  the  clock  or 
time-piece  connected  with 
the  apparatus,  as  after 
described.  An  inclined 
projection,  I,  is  also  formed 
on  the  detent  lever,  g, 
and  engages  into  one  or 
other  of  a  series  of  inclined 
notches,  a,  in  a  disc,  K,  on 
the  axle  of  the  first  of  the 
large  toothed  wheels,  a;  such  axle  also  carrying  an  ordinary  barrel 
spring  or  a  drum,  for  receiving  the  cord  of  a  weight,  M,  as  the  case 
may  be.  On  the  opposite  end  of  the  axle  of  the  pinion,  D,  to  that  on 
which  is  fixed  the  notched  detent  disc,  e,  there  is  fitted  a  second  disc, 
N,  having  a  pin  or  stud,  O,  in  the  face  thereof, 
which  engages  in  a  vertical  slot,  p,  made  in  the 
upper  end  of  a  hammer  shank,  Q,  the  lower  end 
of  such  shank  carrying  the  hammer  head,  E, 
which  strikes  the  alarm  signal  or  call-bell,  s,  as 
shown  more  clearly  in  the  detail,  fig.  3.  This  bell 
may  be  of  any  size  or  form,  according  to  the 
distance  at  which  the  sound  is  intended  to  be 
heard.  So  soon  as  the  detent  or  tooth,  F,  is 
withdrawn  from  its  notched  disc,  e,  the  main- 
spring or  weight,  m,  as  the  case  may  be,  causes 
the  train  of  wheels  and  pinions,  A,  B,  C,  and  D,  to 
revolve  ;  and  as  the  disc,  n,  which  carries  the  pin 
or  stud,  o,  rotates  at  a  high  velocity,  it  causes  the 
hammer,  R,  to  vibrate  rapidly,  and  strike  the  bell, 
s,  twice  for  every  revolution.  The  ordinary  flyer 
or  regulating  vanes,  t,  are  employed  for  regu- 
lating the  speed  of  revolution  of  the  hammer-  \ 
actuating  disc.  The  ringing  of  the  bell  continues 
until  the  inclined  projection,  I,  on  the  vertical 
detent  lever,  G,  drops  into  the  succeeding  one 
of  the  series  of  inclined  notches,  a,  in  the  disc, 
K,  whereupon  a  helical  or  other  spring,  U,  acting  on  by  the  lever, 
G,  causes  it  to  bring  the  detent,  f,  against  the  notch  of  the  detent  disc, 
e,  thus  stopping  the  motion  of  the  wheel  work,  and  consequently  arrest- 
ing the  ringing  of  the  bell  till  further  required.     The  disengagement  of 
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the  detent  lever,  u,  by  the  clock  or  time-piece,  is  effected  by  the  fol- 
lowin"  arrangement  of  mechanism.      The  upper  end  of  the   detent 
lever,  G,  is  prolonged  upwards  so  as  to  bear  at  b  against  the  lower  end 
of  a  disengaging  lever,  v,  which  lever  works  on  a  centre,  w,  situate 
some  little  distance  from  its  lower  extremity.     The  upper  end  of  the 
disengaging  lever,  v,  forms  a  circle  or  ring,  x  (shown  clearly  in  the 
detail,  fig.  3).      The  axis  or  arbor  of  the  minute  wheel  carries  a  tap- 
pet wheel,  Y,  provided  with  one  or  more  tap- 
pets or  projecting  teeth,  c,  according  to  the 
number  of  times  in  the  hour  which  it  is  re- 
quired to  sound  the  bell ;  for  example,  if  it  be 
required  to  sound  the  bell  at  any  quarter  of  an 
hour,  then  four  tappets  or  teeth  will  be  required 
on  the  tappet  wheel,  as  shown  in  fig.  3.      The 
teeth  of  this   tappet  wheel  are  intended  to 
operate  upon  the  upper  end  of  the  disengaging 
lever,  v,  so  as  to  push   it  to  one  side,  and 
thereby  cause  its  lower  extremity,  b,  to  force 
back  the  detent  lever,  G,  and  release  the  detent,  F,  from  the  notch 
in  the  disc,  E,  thus  setting  in  motion  the  train  of  wheels  above  men- 
tioned, and  ringing  the  bell.     In  order  to  carry  out  this  object,  it  is 
proposed,  according  to  one  arrangement,  to  attach  a   curved  spring,  d 
(fig.  3),  to  the  circle  or  ring,  x,  such  spring  being  secured  at  one  end, 
e,  only,  whilst  the  other  end  is  free  to  spring  or  play  slightly,  as  shown, 
and  carries  a  laterally  projecting  pin,  f.     g  is  a  tooth  or   projection 
formed  in  the  middle  of  the  spring,  d,  immediately  under,  but  out  of  the 
range  of,  the  tappets  or  teeth,  c,  of  the  tappet  wheel,  y,  so  long  as  the 
spring,  d,  is  in  its  normal  condition,  as  indicated  in  fig.  3  ;  but  brought 
within  the  range  of  such  tappets  when  the  spring,  d,  is  caused  to 
assume  the  position  indicated  by  the  arrangement  which  is  now  to  be 
described.     In  the  wheel,  h,  in  connection  with  the  hour  wheel  of 
the  clock  or  time-piece,  a  circle  of  say  48  holes,  i,  is  made,  namely, 
4  holes  for  each  hour,  if  it  be  desired  to  have  the  power  of  sounding 
the  bell  at  any  one  or  more  quarters  of  an  hour  during  the  12  hours; 
but  if   such  a  minute  division  be  not  required,  then  the  number  of 
these  holes  may  be  reduced  accordingly.     One  or  more  pins  (according 
to  the  period  or  periods  within  the  twelve  hours  at  which  the  bell  is  to 
be  sounded)  are  fixed  in  the  corresponding  holes  in  the  wheel,  h,  and 
made  to  project  therefrom,  and  as  these  pins  come  round  they  are 
brought  in  contact  with  the  pin,  f,  on  the  free  end  of  the  curved 
spring,  d,   and   deflect   that    spring,  thereby   bringing   the   tooth    or 
projection,  g,  within  the  range  of  the  tappets,  c,  of  the  tappet  wheel, 
Y.      As  one  or  other  of  these  tappets  comes  round  it  meets  the  tooth, 
g,  and  consequently  pushes  the  end  of  the  disengaging  lever,  v,  to 
one  side,  and  releases  the  train  of  wheels  which  sets  the  hammer  in 
motion  ;  such  action  continuing  until  the  projection,  I,  on  the  lever,  G, 
falls  into  the  next  one  of  the  notches,  a,  in  the  disc,  K,  whereupon  the 
lever  being  drawn  forward  by  the  spring,  u,  arrests  the  motion  of  the 
mechanism.     Or,  according  to  a  modified  arrangement  of  the  parts,  a 
circle  of,  say  48  holes,  namely,  4  holes  for  each  hour,  is  formed  in  the 
dial  or  clock  face,  and  a  stationary  pin  is  inserted  into  one  or  other  of 
these  holes,  which  corresponds  to  the  time  at  which  the  signal  or  alarm 
bell  is  to  be  sounded.     The  hour  wheel  of  the  clock,  or  a  wheel  or  disc 
in  connection  therewith,  carries  on  its  face  the  curved  spring,  d,  which 
is  fixed  at  one  end,  and  carries  at  the  opposite  end  the  small  pin,/, 
which  enters  a  hole  in  the  hour  wheel,  or  wheel  or  disc  connected 
therewith,  and  remains  flush  with  the  opposite  face  of  that  wheel  so 
long  as  the  spring,  d,  which  inclines  outwards  towards  the  end  at  which 
the  pin  is  situate,  is  not  pressed  upon.      Supposing  it  to  be  required  to 
sound  the  bell  at  the  hour  of  4,  the  stationary  pin  is  inserted  into  the 
hole  corresponding  to  that  hour,  and  projects  slightly  through  the  dial. 
As  the  hour  wheel  revolves  it  brings  the  curved  spring,  d,  against  the 
stationary  pin,  and  as  this  spring  forms  an  inclined  plane,  it  will  on 
passing  the  stationary  pin  be  forced  inwards  or  against  the  hour  wheel, 
and  cause  the  pin  on  its  free  end  to  protrude  beyond  the  face  of  that 
wheel.     This  pin  presses  against  the  circle  or  ring,  x,  on  the  end  of  the 
disengaging  lever,  V,  and  deflects  slightly  the  upper  end  of  that  lever 
(which  is  made  flexible  for  that  purpose),  so  as  to  bring  a  tooth  or  pro- 
jection on  the  interior  of  the  ring  into  the  plane  of  revolution  of  the 
tappet  wheel  y.     One  of  the  teeth  of  this  wheel  will  then  push  the  dis- 
engaging lever  to  one  side,  and  by  so  doing  will  cause  the  detent  lever 
to  be  released  from  the  notch  in  the  detent  disc  before  referred  to, 
the  result  being  the  immediate  ringing  of  the  bell.     The  same  effect 


is  obtained  each  time  the  curved  incline  spring  passes  a  pin  in  the  dial, 
any  number  of  which  may  be  employed  according  to  the  number  of 
times  the  bell  is  to  be  sounded  during  the  twelve  hours.  So  soon  as 
the  tappet  has  acted,  the  lever  springs  back  again  out  of  the  plane  of 
revolution  of  the  tappets,  where  it  remains  until  again  acted  upon  by 
the  pin  in  the  end  of  the  curved  spring  carried  by  the  hour  wheel.  It 
is  proposed  in  some  cases  to  establish  an  electrical  communication 
between  two  or  more  of  these  apparatus,  so  that  they  shall  all  work  in 
concert,  as  is  well  understood  by  electricians. 


FLOATING  SHEARS. 

Bindon  Blood  Stoney,  Dublin. — Patent  dated  August  21,  1864. 

This  invention  relates,  firstly,  to  a  new  mode  of  building  quays,  piers, 
walls,  breakwaters,  lighthouses,  and  other  works,  intended  to  be  placed 
in  water  ;  whereby  the  parts  composing  such  works  can  be  formed  of  a 
much  larger  size  than  heretofore,  on  any  convenient  site,  and  can  then 
be  transported  by  means  of  the  peculiar  apparatus  described  and  referred 
to  under  the  second  head  of  this  invention.  Secondly,  in  the  employ- 
ment for  the  purpose  before  referred  to,  of  floating  shears  of  a  peculiar 
construction.  It  is  proposed  to  construct  sea  walls,  piers,  quays, 
breakwaters,  and  similar  works,  of  large  blocks  of  masonry,  brick-work, 
concrete,  or  other  materials,  which  are  first  built  on  a  convenient  site 
and  then  removed  and  deposited  in  their  proper  places  in  the  con- 
struction or  work  in  hand.  As  these  blocks  are  intended  to  exceed 
greatly  in  their  dimensions  those  which  have  hitherto  been  employed, 
it  is  requisite  that  specially  powerful  appliances  be  used  in  their  trans- 
portation and  manipulation.  For  this  purpose  it  is  proposed  to  use 
peculiar  floating  shears,  consisting  of  a  watertight  barge,  having  tanks 
or  compartments  for  holding  water,  to  be  filled  or  emptied  as  occasion 
may  require,  in  any  well-known  manner.  On  the  barge  are  fitted  two 
pairs  of  shear  legs  and  back  stays — the  one  pair  projecting  over  one  end 
of  the  barge,  and  the  other  pair  at  the  opposite  end.  A  crab  winch, 
hydraulic  cylinder,  or  other  similar  contrivance,  is  placed  on  the  barge, 
and  from  this  a  chain  passes  up  to  the  top  of  each  pair  of  shear  legs.  The 
block  of  masonry,  or  other  load  to  be  transported,  is  suspended  by  this 
chain  from  one  pair  of  shears,  a  counter-weight  being  suspended  from 
the  chain  at  the  other  pair  of  shears.  In  using  this  floating  shears  the 
barge  is  brought  alongside  the  wharf  or  place  where  the  blocks  Lave 
been  built,  and  the  proper  end  of  the  chain  is  attached  to  a  block.  The 
rising  tide  or  power  applied  to  the  crab  winch  will  raise  the  block,  and 
in  order  to  prevent  it  from  capsizing  the  large  tank  or  compartment  at 
the  other  end  is  charged  with  water,  whilst  water  is  discharged  from  a 
tank  or  compartment  at  the  end  next  the  block.  In  this  state  the  barge 
and  block  are  conveyed  to  their  destination,  and  the  block  lowered  to 
its  place.  Water  is  then  allowed  to  escape  from  the  tank  or  compart- 
ment remote  from  the  block  or  load,  and  to  enter  that  next  to  it,  in 
order  to  restore  the  balance.  The  counter-weight  on  the  chain  will 
assist  in  working  back  the  crab,  and  so  draw  up  the  end  of  the  chain 
again,  and  prevent  slack.  The  apparatus  above  described  is  manifestly 
capable  of  being  applied  to  the  raising  and  transporting  of  heavy 
bodies  generally. 

The  annexed  engraving  represents  a  side  elevation  of  the  improved 


floating  shears.  A  floating  barge,  A,  is  divided  transversely  by  a  bulk- 
head, B,  forming  a  watertight  compartment,  C,  at  one  end  of  the  barge, 
which  can  be  charged  with  water  or  emptied  at  will.  Two  longitudinal 
girders,  support  the  weight  and  distribute  the  pressure  of  the  shear  legs, 
E.  These  shear  legs  are  made  to  overhang  the  two  ends  of  the  barge, 
and  are  strengthened  and  stiffened  by  the  back  stays,  P,  and  wrought- 
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iron  tension  or  tie  rods,  G.  Crab  winches,  H,  or  other  convenient 
hoisting  apparatus,  is  secured  on  the  deck  of  the  barge,  the  chains,  I, 
from  which  (guided  by  suitably  disposed  guide  pulleys)  pass  over  the 
pulleys,  k,  on  the  tops  of  the  two  shear  legs.  The  block  or  load,  l,  is 
attached  to  one  set  of  these  chains,  and  a  counterweight,  m,  is  suspended 
to  the  other  at  the  opposite  end  of  the  barge,  to  assist  in  balancing  the 
load,  and  to  draw  up  the  chains  again  when  the  load  is  detached,  thereby 
preventing  slack.  N  is  the  water  tank  overhanging  the  end  of  the 
barge  farthest  from  the  load,  such  tank  being  supplied  with  water  by 
any  convenient  means,  for  the  purpose  of  balancing  the  weight  of  the 
load  at  the  opposite  end  of  the  barge.  This  tank  rests  upon  the  end 
of  the  barge,  and  is  supported  by  the  suspenders,  o,  from  the  shear  legs, 
E.  In  another  arrangement  the  barge  is  prolonged  underneath  the  tank, 
so  that  the  barge  may  support  the  tank ;  in  which  case  a  watertight 
compartment  is  formed  in  this  end  of  the  barge,  similar  to  c  at  the 
other  end,  and  which  can  be  charged  with  water,  or  emptied  at  will. 


CENTRIFUGAL  MACHINERY. 

James  E.  A.  Gwynne,  London. — Patent  dated  October  21,  1864. 

This  invention  relates,  firstly,  to  the  construction  of  the  outer  cases  of 
centrifugal  pumps,  fans,  turbines,  and  similar  machinery  or  apparatus, 
whereby  the  revolving  wheel,  or  disc  and  spindle,  may  be  readily 
removed  when  requisite,  and  replaced  without  interfering  with  or  dis- 
turbing the  suction  or  discharge  pipes,  or  otherwise  moving  the  case  or 
body  of  such  apparatus.  For  this  purpose  the  outer  case  or  receiver 
is  constructed  in  two  parts — the  one  being  a  fixture,  and  the  other 
removable ;  the  removable  part  forming  a  segment  of  the  larger  and 
fixed  portion  of  the  case.  In  practice  it  has  been  found  advantageous 
to  make  the  removable  part  equal  to  a  segment  of  about  one-third  of 
the  entire  case,  but  this  may  be  varied  if  desired.  The  removable 
portion  of  the  case  may  be  situate  in  any  position,  so  long  as  it  does 
not  interfere  with  the  suction  and  discharge  pipes,  which  should 
remain  fixtures  to  the  other  portion  of  the  case.  It  is  also  proposed 
to  cast  a  bedplate,  with  or  without  brackets,  or  supports  for  brackets, 
for  carrying  the  spindle  of  the  revolving  wheel  or  disc,  in  one  piece  with 
the  outer  case  or  receiver  of  the  apparatus.  Where  the  body  of  the  pump 
is  placed  above  the  fluid  to  be  raised,  a  screwed  plug  or  cock  is  fitted  on 
to  the  upper  portion  of  the  case  or  receiver  of  centrifugal  pumps, 
for  the  facility  of  charging  or  filling  the  pumps  before  starting,  and 
a  similar  plug  or  cock  is  fitted  to  the  bottom  of  the  case,  with  a  view 
to  the  emptying  of  the  same  when  found  requisite.  It  is  also  proposed 
to  construct  that  portion  of  the  outer  cases  of  centrifugal  pumps,  fans, 
turbines,  and  similar  machines,  which  comes  in  contact  with  or  joins 
the  disc  or  revolving  wheel  in  such  a  manner  that  the  metal  of  the  case 
will  form  a  broken  or  stepped  joiut  with  the  disc  or  wheel,  or  will 
partly  overlap  the  same.  Cast-steel  chilled  or  hardened  faces  may  be 
given  to  the  sides  or  case  of  the  machine,  and  also  to  the  sides  of 
the  disc  or  wheel  where  it  joins  or  comes  in  contact  with  the  case. 

The  second  part  of  this  invention  relates  to  the  construction  of  the 
revolving  discs  or  wheels  of  centrifugal  pumps,  fans,  turbines,  and  similar 
machines,  with  a  view  to  the  obtaiument  of  a  better  action  of  the  arms 
or  vanes  thereof  upon  the  water,  or  other  substance  acted  upon. 
According  to  this  part  of  the  invention,  it  is  proposed  to  alter  the 
present  construction  of  the  arms  or  vanes  by  changing  their  form, 
position,  and  direction ;  for  example,  in  lieu  of  causing  such  arms  or 
vanes  to  strike  the  air,  water,  or  other  medium,  with  a  vertical  face, 
thereby  producing  a  concussion  or  blow,  they  are  so  shaped  as  to  act 
gradually,  easily,  and  rapidly  upon  the  medium  to  be  operated  upon; 
for  which  purpose  the  striking  faces  of  such  arms  or  vanes  are  inclined 
or  curved  in  any  suitable  direction,  so  as  to  operate  somewhat  after 
the  manner  of  a  wedge  or  inclined  plane  upon  the  surrounding  medium, 
one  edge  of  the  arm  or  vane  being  in  advance  of  the  other.  It  is  also 
proposed  to  make  these  improved  discs  or  wheels  of  cast  steel  or  of  cast 
iron  ;  in  which  latter  case  they  may  be  annealed  or  converted  into 
malleable  iron,  or  they  may  be  cast  in  any  amalgamated  metals  or 
alloys  combining  the  properties  of  strength  and  hardness,  or  may,  instead 
of  being  cast,  be  built  up  in  separate  pieces  of  any  suitable  metal,  and 
rivetted  or  otherwise  secured  together. 

The  third  part  of  this  invention  relates  to  the  application  of  centri- 
fugal pumps  to  the  working  of  the  surface,  or  other  condenser  of  a  steam 
engine,  employed  either  for  working  the  pump  or  otherwise.   According 


to  this  part  of  the  invention,  a  portion  of  the  water  which  is  raised  and 
passed  through  the  pump  is  caused  to  circulate  through  the  condenser, 
and  so  assist  in  the  condensation  of  the  steam.  For  this  purpose  a 
communication  is  formed  by  means  of  a  pipe  between  the  upper  part 
of  the  condenser  and  the  discharge  pipe  of  the  pump,  whilst  another 
pipe  leads  from  the  lower  part  of  the  condenser  to  the  suction-pipe  of 
the  pump.  By  this  means  the  pressure  of  the  water  the  discharge 
pipe  of  the  pump  forces  a  portion  of  the  water  through  the  condenser, 
whilst  at  the  same  time  the  exhausting  action  of  the  suction  pipe  will 
draw  the  water  from  the  lower  portion  of  the  condenser,  thereby  pro- 
ducing a  constant  circulation  of  fresh  cold  water  through  the  con- 
denser. On  board  ship  the  waste  water  from  the  condenser  may,  by 
its  reaction,  be  employed  to  give  motion  to  the  ship,  with  the  object  of 
turning  as  with  a  helm.  If  found  desirable,  a  small  air-pump  may 
be  used  for  drawing  off  the  water  of  condensation,  and  forcing  it  back 
into  the  boiler,  without  a  great  loss  of  temperature.  In  some  cases 
the  engine  pump  and  gear  are  all  contained  on  one  and  the  same 
bedplate. 

The  fourth  part  of  this  invention  has  reference  to  centrifugal  pumps 
made  with  a  vertical  axis,  and  consists  in  constructing  the  disc  or 
revolving  wheel  with  a  long  neck  to  allow  for  wear,  and  in  the 
application  to  the  under  side  of  such  disc  or  revolving  wheel  of  a 
screwed  end  or  termination,  forming  a  species  of  boiing  or  earth- 
loosening  tool,  which  may  be  either  permanently  or  temporarily 
attached  to  the  spindle  of  the  disc  or  wheel.  When  the  apparatus 
is  set  in  motion,  the  screwed  portion  or  tool  will  enter  into,  and 
thereby  loosen  the  earth,  gravel,  sand,  or  other  matters  operated  upon, 
which,  when  so  loosened,  will  be  drawn  into  the  pump,  and  elevated 
thereby,  in  company  or  not  with  water,  as  the  case  may  be.  It  is  also 
proposed  to  fix  a  stop  or  baffle-plate,  or  blade,  in  the  vertical  discharge- 
pipe  of  such  pumps,  for  the  purpose  of  preventing  or  checking  any 
rotatory  motion  of  the  water  or  other  substance  being  elevated  after 
it  leaves  the  disc  or  revolving  wheel  of  the  pump.  Vertical  shafted 
pumps,  when  so  arranged,  may  be  used  for  separating  and  elevating 
small  coals,  ores,  gravel,  small  stones,  lime,  cements,  clays,  grain,  seeds, 
and  other  like  substances,  and  at  the  same  time,  when  required,  washing 
or  freeing  the  substances  from  earthy  and  other  impurities.  For  these 
and  other  similar  applications,  where  great  strength  is  required,  the 
revolving  discs  or  wheels  are  made  of  cast  steel,  or  combinations  or 
alloys  of  metals,  as  before  described.  When  a  pump  or  machine  of  the  de- 
scription above  mentioned  is  intended  to  be  used  for  making  excavations 
under  water  in  the  making  of  sea  walls  or  harbour  works ;  removing 
accumulations  from  docks,  harbours,  and  rivers;  for  raising  sunken 
ships,  or  removing  water  from  foundations;  removing  material  in  the 
sinking  of  cylinders,  caissons,  or  other  like  structures — it  is  proposed  to 
so  arrange  the  pump  or  machine  that  it  may  be  capable  of  being 
readily  raised  or  lowered,  or  the  length  of  the  vertical  discharge-pipe 
increased  or  diminished,  as  required,  either  by  the  aid  of  telescopic 
sliding  or  other  joints  in  the  dis- 
charge-pipe, thus  affording  facility  Fig.  1. 
for  lowering  the  apparatus  to,  and 
working  it  at,  any  desired  depth 
below  the  surface. 

Fig.  1  of  the  engraving  represents 
a  transverse  vertical  section  of  a 
pump  casing,  constructed  according 
to  the  first  part  of  this  invention, 
being  provided  with  means  for  re- 
moving the  disc  and  spindle,  and 
replacing  them  again  without  dis- 
turbing the  suction  or  discharge 
pipes.  The  greater  portion,  n,  of 
one  side  of  the  pump  casing,  A,  is 
made  removable,  being  secured  by 
a  series  of  bolts  to  the  body  of  the 
casing.  On  removing  the  part,  B, 
an  opening  is  left  in  the  side  of  the 
casing,  sufficiently  large  to  admit  of  the  easy  withdrawal  or  replacing  of 
the  disc,  c,  and  spindle,  D,  without  interfering  in  any  way  with  the 
suction  and  discharge  pipes,  E  and  P.  The  dotted  lines  in  fig.  1  repre- 
sent the  suction  pipe  branching  off  at  right  angles  to  the  side  of  the 
casing,  and  bolted  thereto  in  lieu  of  being  cast  in  one  piece  therewith, 
and  passing  down  the  side  of  the  eating.     Fig.  1  also  illustrates  the 
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curving  of  the  suction  pipe  where  it  enters  the  side  of  the  casing, 
whereby  the  water  enters  the  pump  in  a  regular  sweep,  and  without 
any  sharp  turns  or  angles.  This  curved  passage-way  may  be  also 
preserved  where  a  movable  gland  enters  the  pipe,  by  bevelling  off  or 

curving  the  inner  end  of  the  gland 
to  conform  to  the  general  curve  of 
the  suction  pipe,  and  is  adapted  for 
single  or  double  sided  suction, 
that  is,  where  the  water  is  received 
on  one  or  both  sides  of  the  disc  or 
wheel. 

Fig.  2  shows  another  mode  of 
carrying  out  this  part  of  the  inven- 
tion. In  this  arrangement  the 
removable  portion,  B,  of  the  casing. 
A,  is  in  the  form  of  a  segment  of 
about  one -third  more  or  less  of  the 
entire  casing.  It  is  secured  when 
adjusted  in  its  place  by  bolts  passing 
through  external  flanges,  cast  on 
the  segment  and  on  the  main  body  of 
,  the  casing.  The  removal  of  this 
segment  may  be  effected  at  any  time 
without  disturbing  or  interfering  in 
any  way  with  the  suction  and  dis- 
charge pipes,  E,  F,  which  are  connected  with  the  fixed  portion  or  main 
body,  A,  of  the  casing,  and  when  removed  a  sufficient  opening  is  left 
in  the  casing  to  admit  of  the  easy  withdrawal  and  replacing  of  the 
disc  and  spindle.  This  portion  of  the  invention  is  also  illustrated 
by  the  pump  shown  in  fig.  4.  The  bedplate  of 
the  pump  is  cast  with  or  without  brackets,  or  sup- 
ports for  brackets,  for  carrying  the  spindle  of  the 
revolving  wheel  or  disc  in  one  piece  with  the  outer 
case  or  receiver  of  the  apparatus.  Fig.  3  is  a 
different  modification  of  the  revolving  disc  or  wheel 
of  centrifugal  pumps,  fans,  turbines,  and  similar 
machines,  as  constructed  according  to  the  second 
part  of  this  invention.  With  a  view  to  the  preven- 
tion of  a  concussion  or  blow,  usually  produced  by 
I  the  action  of  the  arms  or  vanes,  L  L,  upon  the  sur- 
|  rounding  medium,  it  is  proposed  to  make  the  striking 
parts  of  such  arms  or  vanes  in  an  oblique  or  inclined 
direction  as  regards  their  plane  of  revolution;  one 
edge  being  in  advance  of  the  other  in  lieu  of  both 
edges  being  in  the  same  plane,  as  heretofore.  By 
this  means  the  arms  or  vanes,  L  L,  of  such  revolving 
wheels  or  discs  have  a  wedge -like  action  on  the 
surrounding  medium,  and  operate  more  smoothly. 
This  peculiar  form  of  arm  is  shown,  combined 
with  the  curving  of  such  arms  or  vanes  from  the 
centre  outwards,  at  fig.  3.  The  inclination  or  obliquity  of  the  arms 
or  vanes  may  be  produced  either  by  a  straight  line,  or  bjr  the  junction 
of  two  reversed  curves.  Fig.  4  illustrates  the  mode  of  carrying  out 
the  third  part  of  this  invention,  namely,   the  economical  application 

Fig.  4. 


Fig.  3. 


of  centrifugal  pumps  to  the  working  of  the  surface  or  other  condenser 
of  a  steam  engine.  Fig.  4  is  a  side  elevation  of  a  horizontal  steam 
engine,  supported  on  a  bedplate,  n  ;  a  centrifugal  pump,  a  b,  being  also 
bolted  to  the  same,  or  to  a  separate  bedplate,  as  found  most  convenient, 
and  driven  by  the  engine  itself.  The  condenser  of  the  engine  is  marked, 
Tli:::D  SEEIE8. — VOL.  I. 
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O,  the  upper  portion  of  which  communicates  by  means  of  a  pipe,  P, 
with  the  discharge  pipe,  r,  of  the  pump,  whilst  a  similar  pipe,  Q, 
leads  from  the  lower  part  of  the  condenser  to  the  suction  pipe,  E,  of  the 
pump.  The  pressure  of  the  water  in  the  discharge  pipe,  F,  forces  a 
portion  of  such  water  through  the  condenser,  whilst,  at  the  same  time, 
the  exhausting  action  of  the  suction  pipe,  E,  will  draw  the  water  from 
the  lower  portion  of  the  condenser,  thereby  producing  a  constant  cir- 
culation of  fresh  cold  water  through  the  condenser.  A  small  air- 
pump,  K,  which  maybe  used,  if  desired, 
for  drawing  off  the  water  of  condens- 
ation, and  forcing  it  back  into  the 
boiler  without  appreciable  loss  of  tem- 
perature. Fig.  5  represents  a  partial 
vertical  section  of  a  centrifugal  pump, 
with  vertical  axis,  constructed  in  ac- 
cordance with  the  fourth  part  of  this 
invention,  being  suitably  arranged  for 
elevating  loose  earth,  sand,  or  gravel, 
in  company  or  not  with  water,  or  for 
separating  or  elevating  small  coals, 
ores,  gravel,  small  stones,  lime,  cement, 
clays,  grain,  seeds,  and  other  like  sub- 
stances, and  at  the  same  time  when 
required,  washing  or  freeing  such 
substances  from  earthy  and  other  im- 
purities. For  these  and  other  similar 
applications,  where  great  strength  is 
required,  the  revolving  discs  or  wheels 
are  made  of  cast  steel,  or  combinations 
or  alloys  of  metals  capable  of  increas- 
ing their  strength  and  durability.  A 
screwed  termination,  forming  a  species 
of  boring  or  earth-loosening  tool,  s,  is 
also  shown.  This  tool,  s,  is  only 
required  when  the  substances  to  be 
elevated  have  to  be  loosened  or  disin- 
tegrated before  they  can  be  drawn  into 
the  pump.  A  stop  or  baffle-plate, 
T  (fig.  5),  is  fitted  inside  the  vertical 
discharge  pipe,  F,  of  the* pump;  such 
plate  extending  from  near  the  upper 
surface  or  side  of  the  wheel  or  disc, 
C,  to  any  convenient  height  inside  the  discharge  pipe,  in  order  to 
check  any  rotatory  motion  of  the  water  or  other  substance,  being 
elevated  after  it  leaves  the  disc  or  wheel.  In  some  cases,  when  found 
desirable,  as  before  mentioned,  it  is  proposed  to  so  arrange  the 
pump  or  machine  that  it  may  be  capable  of  being  readily  raised  or 
lowered  by  means  of  chains  connected  with  the  pump  at  the  bottom,  and 
with  suitable  hoisting  tackle  or  a  windlass  at  the  top,  of  the  apparatus. 
The  varying  length  of  the  vertical  discharge  pipe,  f,  being  allowed  for 
either  by  the  aid  of  telescopic  joints,  in  the  discharge  pipe  or  by  other 
suitable  joints  made  therein,  facility  is  thus  afforded  for  lowering  the 
apparatus  and  working  at  any  desired  depth  below  the  surface. 


IMPROVEMENTS  IN  RAILWAY  CARRIAGES. 
Isaac  Fauuell,  Dublin.— Patent  dated  August  5,  1864. 
This  invention  relates,  firstly,  to  an  arrangement  of  apparatus  to  be 
applied  to  railway  carriages,  whereby  the  simultaneous  opening  and 
closing  of  all  the  doors  on  one  side  of  a  carriage  may  be  effected  at  one 
operation.  This  apparatus  consists  of  a  rod  passing  longitudinally 
along  the  carriage  framing,  and  attached  thereto  by  staples  or  sockets, 
which  allow  the  rod  to  slide  freely  in  a  longitudinal  direction.  Under 
each  door  are  fitted  appliances  for  opening  and  closing  the  same,  such 
appliances  being  connected  with  the  rod,  so  that  when  it  is  pushed  or 
drawn  forward  in  one  direction  a  few  inches,  the  doors  will  be  closed, 
and  when  moved  in  the  reverse  direction  they  will  be  opened ;  these 
movements  of  the  longitudinal  rod  being  effected  by  a  lever  handle 
attached  to  one  end  of  the  carriage,  or  by  a  handle  attached  to  the  rod 
itself.  The  apparatus  is  the  same  on  both  sides  of  the  carriage,  and, 
when  not  in  action,  the  doors  are  all  free  to  be  opened  or  shut  in  the 
ordinary  manner. 
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The  second  part  of  this  invention  relates  to  a  peculiar  arrangement 
of  mechanism  for  establishing  a  communication  between  the  guard  and 
driver  of  a  train,  and  consists  in  the  employment  of  couplings,  which 
allow  of  a  longitudinal  motion,  but  connect  all  the  rods  before  referred 
to  under  the  first  head  of  this  invention,  throughout  the  entire  length 
of  the  train,  so  as  to  form  a  continuous  line  of  shafting,  which  is 
connected  by  bevel  gearing  with  an  upright  shaft  in  the  guard's  van, 
by  which  he  is  enabled  to  impart  a  rotatory  motion  to  the  shafting, 
which,  by  acting  upon  any  suitable  or  well-known  alarum  apparatus, 
enables  a  communication  by  signal  to  be  established  between  the  guard 
and  driver  when  requisite. 

Under  the  third  head  of  this  invention,  it  is  proposed  to  cause  the 
rotatory  motion  of  the  shafting  above  described  to  apply  a  series  of 
breaks  to  the  wheels  of  some  or  all  the  carriages  in  the  train.  The 
break  blocks  may  be  of  the  usual  or  other  suitable  form,  but  they  are 
each  placed  so  as  to  work  vertically  between  guides  fixed  on  the 
carriage  framing  directly  over  the  wheels.  The  break  blocks  are 
each  supported  by  an  upright  spindle,  which  rests  upon  and  is  secured 
to  the  axle-box  or  hearing.  The  upper  end  of  this  spindle,  where 
it  passes  through  the  iron  cheeks  of  the  break  block,  is  provided  with 
a  screw  thread,  which  works  in  an  internal  screw  or  tapped  hole  in 
the  cheek  of  the  break  block,  so  as  to  force  down  the  break  block  with 
any  required  force  upon  the  periphery  of  the  wheel  when  the  upright 
spindle  is  rotated.  This  spindle  is  rotated  by  means  of  an  endless 
screw,  carried  by  the  longitudinal  horizontal  rod  or  shafting  before 
mentioned,  and  gearing  into  a  worm  wheel  on  the  upper  end  of  the 
upright  spindle.  It  will  thus  be  seen  that  the  longitudinal  shafting  has 
two  movements — the  one  being  longitudinal  for  the  opening  and  closing 
of  the  carriage  doors,  and  the  other  rotatory  for  the  purpose  of  com- 
municating with  the  driver  and  of  applying  the  breaks;  but  both  these 
movements  are  arranged  so  as  not  to  interfere  with  each  other,  and 
may  be  applied  separately — that  is,  the  rod  may  be  used  for  the  simul- 
taneous opening  of  the  doors  only  as  under  the  first  head;  in  such 
case  the  couplings  and  break  apparatus  will  be  dispensed  with.  Or 
the  rod  may  be  applied  fur  the  purposes  under  the  second  and  third 
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head  only — that  is,  to  form  a  communication  between  the  guard  and 
driver,  and  to  apply  the  breaks;  in  such  case  the  appliances  for  opening 
the  doors  will  be  dispensed  with. 

Fig.  1  of  the  engravings  represents  a  partial  side  elevation  and  vertical 
section  of  a  portion  of  a  railway  carriage,  having  these  improvements 


attached  thereto.  Fig.  2  is  a  plan  of  a  portion  of  the  carriage,  showing 
the  mechanism  for  opening  or  closing  the  doors  simultaneously  on 
either  side  thereof,  and  also  a  portion  of  the  mechanism  for  applying 
the  breaks.  Fig.  3  is  a  transverse  vertical  section  of  a  portion  of  the 
carriage,  taken  through  the  middle  of  the  break  block.  Fig.  4  is  an 
enlarged  detail  of  the  break  mechanism,  and  fig.  5  is  an  enlarged  detail 
of  a  spring  latch  which  is  fitted  to  the  bottom  of  each  door  of  the 
carriage. 

In  these  figures,  A  represents  the  under  framing  of  a  railway  car- 
riage;  B,  the  carriage  body  ;  and  c,  the  flooring  boards  of  the  same. 
Along  each  side  of  the  carriage  is  situate  a  longitudinal  rod,  which  is 

Fig.  2. 
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capable  of  sliding  longitudinally,  and  also  of  being  rotated  in  suitable 
guides  or  staples  secured  to  tire  carriage  floor.  One  of  these  rods  onhr 
is  shown  in  the  engravings  ;  but  the  arrangement  is  precisely  similar  on 
both  sides  of  the  carriage.  The  rod,  n,  is  concealed  by  the  covering 
board,  and  a  metal  plate,/,  screwed  thereon,  the  covering  board  being 
screwed  upon  the  flooring  board  of  the  carriage,  so  as  to  be  readily 
removed  in  case  of  repairs  being  required  in  the  mechanism  contained 
underneath.  The  ends  of  the  rods,  D,  project  through  suitable  openings 
made  for  that  purpose  in  the  extreme  ends  of  the  carriage,  and  are 
provided  with  coupling  bars,  which  are  hinged  thereto,  so  that  on 
connecting  the  bars,  the  series  of  longitudinal  rods  throughout  the 
train  will  be  coupled  together,  and 
may  consequently  be  rotated  simul- 
taneously when  required  ;  whilst  the 
joints  or  hinges  are  so  disposed  as  to 
allow  for  the  free  plaj'  of  the  carriages 
during  the  running  of  the  trains.  It 
is  not  considered  necessary  to  illustrate 
the  mode  by  which  a  rotatory  motion 
may  be  communicated  to  the  rods,  D, 
as  any  well-known  mechanical  con- 
trivance, as,  for  example,  a  bevel  wheel 
on  the  end  of  the  rod,  D,  gearing  into  a 
bevel  wheel  on  a  vertical  shaft,  pro- 
vided with  a  winch  handle  or  hand 
wheel  situate  inside  the  guard's  van 
at  the  rear  end  of  the  train  may  be 
employed  for  that  purpose.  The 
several  coupling  bars,  are  so  con- 
structed as  to  slide  or  play  freely  along 
each  other  in  a  longitudinal  direction, 
thereby  allowing  for  the  play  of  the 
buffers  and  draw  springs  of  the  car- 
riages during  the  running  of  the  train. 
For  this  purpose  it  is  preferred  to  couple 
the  bars,  by  means  of  a  sliding  tube,  so 
shaped  as  to  slide  freely  along  the  rods, 

but  to  rotate  with  them.  This  tube  may  be  connected  by  pins  with  the 
coupling  bars,  such  pins  passing  transversely  through  the  ends  of  the  tube, 
and  through  slots  made  longitudinally  in  the  bars  as  shown,  one  of  the 
pins  being  removable  for  the  convenience  of  disconnecting  the  coupling 
bars.  Other  arrangements  of  coupling,  fulfilling  the  same  object,  may, 
however,  be  adopted.  The  sole  object  of  the  longitudinal  motion  of 
the  rods,  D,  is  to  open  or  close  the  whole  of  the  doors  simultaneously 
on  one  side  of  the  carriage,  and  this  movement  is  effected  bj'  means 
of  the  handle,  wdiich  is  fitted  on  to  one  end  of  each  of  the  longi- 
tudinal rods,  and  is  in  a  convenient  position  to  be  seized  by  the  hand 
of  the  porter  or  attendant  on  the  train,  and  pushed  in  or  drawn  out,  as 
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the  case  may  be.  I,  is  a  safety  handle  fixed  to  the  end  of  the  carriage 
for  the  porter  to  lay  hold  of  when  moving  the  rod,  D.  Beneath  each 
door  of  the  carriage  there  is  a  horizontal  lever,  K,  concealed  by  the 
board,  F,  and  provided  with  a  slot  near  the  middle  which  works  on  a 
fixed  vertical  pin  or  fulcrum,  secured  to  the  carriage  floor.  The 
inner  end  of  each  of  these  level's  is  connected  by  a  pin  joint  to  a  socket 
or  collar,  L,  on  the  rod,  D,  such  collar  being  kept  in  its  place  on  the  rod 
by  a  shoulder  or  collar  on  each  side  thereof.  The  outer  end  of  each 
of  the  level's,  K,  is  provided  on  its  upper  surface  with  two  studs,  1,  2. 
The  stud,  1,  serves  to  open  the  corresponding 
door,  by  pressing  against  the  inner  side  thereof 
at  the  bottom,  when  the  lever  is  in  the  act  of 
being  brought  over  from  the  position  shown 
in  dotted  lines  in  fig.  2,  to  that  shown  in 
full  lines,  by  drawing  out  the  rod,  D,  longi- 
tudinally. 

The  stud,  2,  effects  the  closing  of  the  door 
by  the  reverse  motion  of  the  rod,  D,  such  stud 
pressing  against  the  outside  of  the  door,  at  the 
bottom  thereof,  and  preventing  the  door  from 
being  opened  until  the  position  of  the  lever,  K, 
is  reversed.  Each  door  may  be  provided  with 
a  sneck  or  fastening  of  any  convenient  form 
(in  the  drawings  two  arrangements  are  shown 
at  M  and  si'  respectively),  such  fastening  being 
opened  by  the  action  of  the  rod,  D,  just  before 
the  stud,  1,  begins  to  press  against  the  door  for 
the  purpose  of  pushing  it  open.  This  release 
or  opening  of  the  fastening,  M,  or  m',  is  effected 
by  connecting  such  fastening  by  a  rod,  m, 
inclosed  within  the  door  with  a  spring  sneck,  n 
(shown  in  enlarged  detail  at  fig.  5),  fitted  into  a  notch  or  recess  made 
in  the  bottom  of  the  door,  at  the  part  where  the  outer  stud,  2,  presents 
itself  wheu  the  door  is  closed.  The  outer  end  of  the  sneck,  n,  is  curved, 
and  fits  over  the  top  of  the  stud,  2,  so  that  immediately  such  stud  moves 
outwards  with  the  lever,  K,  it  will,  by  passing  under  the  curved  part  of 
the  sneck,  n,  lilt  up  such  sneck,  and  by  so  doing  will  either  lift  up  the 
latch,  M,  or  draw  back  the  bolt,  m',  as  the  case  may  be,  as  will  be 
readily  understood  on  referring  to  the  engravings.  In  order  that  this 
release  of  the  fastening,  M,  or  si',  may  take  place  just  before  the  stud, 
1,  comes  into  action,  that  stud  is  placed  on  the  lever, 
K,  a  little  distance  from  the  door,  so  as  to  allow 
sufficient  play  of  the  lever,  K,  and  stud,  2,  to  open 
the  fastening  before  the  stud,  1,  comes  in  contact  with 
the  door  to  open  it.  When  closing  the  door  again,  the 
stud,  2,  will  slide  along  the  bottom  outer  edge  of  the 
door,  and  place  itself  again  beneath  the  curved  part 
of  the  sneck,  n,  in  readiness  for  the  opening  of  the 
fastening  of  the  door  when  required.  The  stud,  2, 
in  completing  the  closing  of  the  door,  presses  against 
the  vertical  bent  part  of  the 
sneck,  n.  In  order  to  prevent 
the  doors  from  being  sud- 
denly opened  to  their  full  ex- 
tent, which  might  endanger  the 
limbs  of  an}'  passenger  leaning 
against  the  door  at  the  time,  it  is  proposed  to  employ  a  catch  lever,  N, 
jointed  to  the  end  of  the  carriage,  and  engaging  against  one  or  other  of 
two  stops,  op,  formed  on  the  lever  handle,  II,  so  that  when  such  handle 
is  pulled,  it  will  only  move  the  rod,  D,  a  distance  equal  to  the  distance 
between  the  stops,  the  catch  lever  preventing  any  further  move- 
ment of  such  rod  until  it  is  lifted  up  clear  of  the  stops.  Any  of  the 
doors  may  be  opened  singly  by  the  attendants  or  porters,  by  simply 
lifting  up  the  spring  sneck,  n,  when  the  door  fastening  being  released, 
the  door  itself  may  be  opened,  the  6lot  or  notch  with  the  sneck  in  it 
ing  clear  over  the  top  of  the  stud,  2,  and  when  shutting  the  door 
again,  the  sneck,  which  is  inclined,  is  lifted  of  itself  by  its  passage  over 
the  stud,  2.  In  order  to  apply  the  breaks  to  some  or  all  of  the  carriages 
in  the  train  simultaneously,  and  to  transmit  a  signal  from  the  guard's 
van  to  the  engine  driver,  it  is  simply  necessary  to  impart  a  rotatory 
motion  to  the  series  of  longitudinal  rods,  D ;  which  motion  may  be 
obtained  by  any  suitable  or  well-known  arrangement  of  gearing  in  the 
guard's  van,  whereby  the  motion  of  a  hand  wheel,  revolving  either  in  a 
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horizontal  or  vertical  plane,  may  be  transmitted  to  the  last  of  the  rods, 
D,  and  thence  by  suitable  couplings  before  referred  to,  to  the  rest 
of  the  rods,  D,  in  the  train.  To  obtain  the  power  of  signalling,  any 
suitable  or  well-known  signal  apparatus,  such  as  a  bell  or  gong,  is  to  be 
fitted  on  to  the  engine  or  tender,  and  its  hammer  made  to  operate  by 
the  rotation  of  the  rod,  D,  by  any  simple  and  well-known  arrangement 
of  mechanism  which  will  readily  suggest  itself  to  the  practical  man 
without  the  aid  of  engravings.  This  rotation  of  the  rods,  D,  is  also  caused 
to  apply  the  breaks,  and  this  is  accomplished  by  means  of  a  series  of 
endless  screws,  O  (one  for  each  break),  fitted  on  to  a  feather  on  the  rods, 
D,  so  as  to  turn  with  such  rods,  but  to  allow  the  rods  freedom  of  longi- 
tudinal play  or  traverse  through  the  bosses  of  the  screws ;  each  screw 
is  retained  in  its  proper  position  by  being  inclosed  within  a  metal  box, 
P,  secured  to  the  floor  of  the  carriage,  through  the  sides  of  which  boxes 
the  rods,  D,  pass.  The  squared  end  of  a  vertical  spindle,  Q,  shown 
clearly  in  the  enlarged  detail,  fig.  4,  passes  up  through  a  round  hole  iu 
the  bottom  and  top  of  the  box,  P,  and  through  a  square  hole  iu  the  boss 
of  a  worm  wheel,  R,  contained  therein,  so  that  on  rotating  the  screws, 
0,  the  corresponding  worm  wheels,  E,  and  vertical  spindles,  Q,  will  also 
be  rotated.  The  lower  end  of  each  spindle,  Q,  has  a  left  hand  screw 
thread  formed  upon  it,  which  works  in  an  internal  screw  or  tapped 
socket  formed  on  a  ring  or  clip,  S,  fixed  to  the  axle-box,  or  it  may  be 
formed  on  the  axle-box  itself,  so  that  the  spindle,  Q,  indirectly  obtains 
a  bearing  upon  the  bearing  of  the  axle,  and  has  free  play  in  a  vertical 
direction  through  the  box,  P,  and  worm  wheel  therein,  to  allow  for  the 
play  of  the  carriage  springs.  The  actual  break  consists  of  a  block  of 
wood,  T,  fitting  on  to  the  upper  part  of  the  periphery  of  the  carriage 
wheel,  U,  and  secured  to  a  metal  cheek,  v,  which  has  an  internal  screw 
thread  or  nut,  v,  formed  on  or  fitted  to  it,  through  which  nut  or  internal 
screw  works  a  right-handed  screw  thread,  w,  also  formed  on  the  vertical 
spindle,  Q.  WW  are  diagonal  braces,  or  tie  bars,  which  are  connected 
at  their  outer  ends  to  the  ends  of  the  break  block,  and  uuite  together 
in  a  collar,  x,  which  slides  along  the  spindle,  Q,  when  the  break  is 
applied  or  taken  off ;  x  x  are  two  guides  fixed  to,  or  forming  part  of, 
the  carriage  framing,  between  which  guides  the  break  block  works  in  a 
vertical  direction,  and  is  thereby  maintained  in  its  proper  position 
over  the  wheel.  It  will  thus  be  seen  that  on  rotating  the  several 
spindles,  Q,  in  the  manner  described,  their  right  and  left  screws  will 
tend  to  force  down  the  break  blocks  upon  the  upper  portions  of 
the  peripheries  of  the  wheels,  and  thereby  stop  or  retard  the  motion 
of  the  train. 


LAW    REPORTS. 


Betts  v  Nkilson,  Manufacturers  of  Patented  articles  Abroad,  and  Importation 
into  England  for  purposes  of  Export  only. —  Before  Vice-Chancellor  Sir  W.  P. 
Wood,  June  2. 

This  case,  which  came  before  the  court  upon  a  motion  to  restrain  the  use  and 
sale  by  the  defendants  of  metallic  capsules  for  covering  the  necks  of  bottles,  in 
infringement  of  the  plaintiff's  well-known  patent  for  "  a  new  manufacture  of  cap- 
sules and  of  a  material  to  be  employed  therein,  and  for  other  purposes,"  raised  a 
question  of  great  importance  as  to  the  right  of  patentees  with  respect  to  articles 
manufactured  abroad  according  to  their  patent,  and  imported  into  England  for 
purposes  of  exportation  to  a  foreign  market  only.  The  defendants,  Messrs.  Tennent 
&  Marshall,  of  Liverpool,  were  agents  for  the  firm  of  J.  &  I!.  Tennent,  brewers,  at 
Glasgow,  a  house  carrying  on  a  very  large  business  in  the  manufacture  and  export- 
ation of  ale  to  foreign  parts,  and  especially  to  India  and  China.  It  appeared  that 
Messrs.  J.  &  R.  Tennent  were  for  some  time  in  the  habit  of  purchasing  capsules 
for  covering  their  bottles  from  the  plaintiff,  but  had  latterly  obtained  them  from 
a  foreign  manufacturer.  The  capsules  thus  imported  from  abroad  were  precisely 
similar  to  those  manufactured  by  the  plaintiff,  and  were  alleged  to  be  an  infringe- 
ment of  his  patent.  The  plaintiff  had  discovered  great  numbers  of  bottles  with 
these  pirated  capsules  attached  in  the  possession  of  the  defendants,  the  agents  and 
consignees  in  Liverpool  and  London  of  the  firm  of  J.  &  E.  Tennent,  and  now  moved 
tor  an  injunction  against  those  of  the  defendants  who  were  within  the  jurisdiction, 
to  restrain  the  use  Aid  sale  of  capsules  made  in  infringement  of  his  patent. 

The  case  for  the  defendants  was  that  they  were  merely  agents  for  a  Scotch  house, 
not  within  the  jurisdiction,  and  not  affected  by  the  patent  laws  of  England;  that 
there  had  been  no  sale  in  England,  the  capsules  in  question  having  been  attached 
to  bottles  shipped  at  Glasgow  tor  Hongkong,  and  transhipped  at  the  port  of  London 
for  mere  convenience  of  exportation ;  and  that,  even  assuming  these  capsules  to  be 
an  infringement  of  the  patent,  the  plaintiff,  who  could  not  have  stopped  their  use 
either  at  Glasgow  or  in  China,  was  not  entitled  to  impound  them  in  transitu. 

Mr.  Willcock,  Q.C.,  and  Mr.  T.  H.  Terrell  appeared  for  the  plaintiff  in  support  of 
the  motion;  Mr.  Wickena  and  Mr.  Theodore  Aston  were  for  the  defendants. 

The  Vice- Chancellor  (without  calling  for  a  reply)  held  that  there  had  been  a  clear 
infringement  of  the  patent,  by  use  in  this  country,  so  as  to  justify  the  court  in 
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granting  an  injunction.  For  the  convenience  of  the  exporters  these  goods  were  first 
sent  to  an  English  port — London  or  Liverpool ;  while  lying  there  the  bottles  remained 
covered  with  these  capsules ;  in  fact,  it  was  essential  that  they  should  be  so  covered 
until  leaching  the  end  of  their  voyage.  This  was  a  clear  use  of  the  patent  in  this 
country,  and  was  not  like  the  instance  that  had  been  suggested  of  a  case  of  foreign 
goods  (manufactured  according  to  an  English  patent)  packed  up  and  lying  in  the 
hold  of  a  ship  in  one  of  the  English  harbours.  The  whole  object  of  the  capsule 
was  to  protect  the  liquor  during  the  voyage;  and  if  the  agents  had  taken  off  the 
capsules  when  the  bottles  arrived  at  Liverpool,  the  ale  would  be  quite  spoilt,  and 
not  a  dozen  would  have  been  sold.  There  was  really  no  controversy  upon  the  evi- 
dence as  to  the  capsules  being  made  of  Betts'  metal,  in  infringement  of  his  patent, 
and  it  made  no  difference  that  the  patented  article  was  only  continued  and  not  first 
applied  in  this  country.  The  invasion  and  user  were  complete  as  soon  as  the  cap- 
sule performed  its  functions  in  England.  The  agents  who  made  all  the  arrange- 
ments with  the  purchasers  were  here  in  England,  and  subject  to  the  jurisdiction, 
although  the  principals  could  not  be  reached ;  and,  looking  at  the  enormous  amount 
of  litigation  and  the  short  duration  of  his  patent,  the  plaintiff  was  entitled  to 
immediate  protection.  There  would  be  an  injunction  until  the  hearing  to  restrain 
the  defendants  from  disposing  of  or  using  iu  England  any  capsules  made  of  the 
material  patented  by  the  plaintiff. 


REVIEWS    OF    NEW    BOOKS. 


The  Life  of  Robert  Stephenson,  F.R.S.,  &c,  &c.  By  J.  C. 
Jeaffreson.  With  Descriptive  Chapters  on  some  of  his  most  im- 
portant professional  works,  by  William  Pole.  2  vols.  8vo.  London : 
Longman.      18G4. 

FOURTH    NOTICE. 

As  the  popular  notion  is  that  the  Stephensons  invented  the  locomo- 
tive, so  equally  is  it  a  prevalent  popular  belief,  that  George  Stephenson 
was  the  first  to  grasp  and  insist  upon  the  importance  of  railways  as 
general  means  of  locomotion.  The  clear  conception,  the  urgent,  distinct, 
and  reiterated  advocacy  of  this  upon  the  part  of  William  James  and 
Mr.  Gray  are  popularly  unknown  or  forgotten ;  yet  there  was  little 
that  could  be  said  on  the  subject,  with  such  knowledge  as  was  then 
possessed,  that  had  not  been  urged  in  public  by  these  men  before  the 
year  1821. 

George  Stephenson  could  write  nothing  ;  nor  probably  were  his  own 
ideas  very  clear,  even  with  what  he  had  learned  from  the  writings  of 
others  on  the  subject.  The  man,  however,  who  in  the  public  eye  was, 
as  engineer-in-chief,  supposed  not  only  to  have  prophesied  and  devised, 
but  constructed  the  first  public  railway,  reaped  all  the  harvest  of  repute 
and  worldly  success  that  had  been  so  mainly  and  well  sown  by  others. 

How  curious  it  is  to  trace  his  connection  with  the  Liverpool  line  from 
beginning  to  end  ! 

A  railway  between  Liverpool  and  Manchester  was  discussed  as  early 
as  1822.  Mr.  William  James,  C.E.,  of  London,  having  had  introduc- 
tion to  Mr.  Sandars  of  Liverpool  (the  same  gentleman  with  whom  we 
find,  in  Mr.  Jeaffreson's  pages,  George  Stephenson  dining  in  June,  1824), 
was  guaranteed  by  him  the  cost,  and  projected  a  line  of  railway  between 
the  towns,  and  made  the  surveys.  "  The  time,  however,  was  not  yet 
fully  come "  for  the  man  or  the  thing,  and  the  project  dropped  and 
slept  until  1824 — the  very  year  of  this  accidental  visit  of  George 
Stephenson  to  Liverpool  to  see  his  son  off  to  South  America,  and  of 
his  own  introduction  to  this  same  intelligent  and  enterprising  merchant 
of  Liverpool,  Mr.  Sandars.  In  the  short  interval,  vast  expansions  of 
traffic  between  the  two  towns  had  taken  place.  Late  in  1824,  the 
Liverpool  merchants  having  unanimously  declared  in  public  meeting 
that  some  better  mode  of  communication  must  be  thought  of,  a  depu- 
tation, consisting  of  Mr.  Sandars,  Mr.  Kennedy  (the  umpire  at  Rainhill), 
Mr.  Ellis  (another  of  George  Stephenson's  entertainers),  and  Mr.  Booth, 
visited  Darlington,  &c.  On  their  return,  in  October,  1824,  a  prospectus 
of  the  railway  company  was  issued,  and  George  Stephenson  was  ap- 
pointed engineer.  Lie  at  once  proceeded  with  the  survey,  &c,  pre- 
paratory to  application  for  an  act  of  incorporation. 

James'  line  ran  very  much  on  the  surface,  and  had  many  curves  and 
various  gradients.  George  Stephenson's  was  a  different  line,  and  much 
more  straight  and  level.  With  this  line,  as  surveyed  by  him  with  Mr.  Dixon's 
assistance,  the  company  went  to  Parliament,  as  has  been  already  noticed ; 
and,  after  a  fierce  struggle  of  thirty-five  days  in  Committee  with  the  canal 
proprietors  and  the  Lords  Derby  and  Sefton,  the  bill  was  withdrawn  before 
the  clauses  or  any  details  of  the  bill  had  been  gone  into,  principally,  it 
it  said,  and  without  any  contradiction,  because  errors  in  the  levels  of 
the  surveys  had  been  discovered  by  the  canal  proprietors'  professional 
advisers,  amounting  in  some  places  to  no  less  than  furly  fid. 


The  promoters  were  obviously  far  from  pleased  with  their  engineer, 
but  they  bad  no  notion  of  abandoning  the  project.  The  line  laid  out 
by  George  Stephenson  seems  to  have  had  inherent  defects,  in  addition 
to  the  mistakes  in  the  surveys;  and  as  engineer  he  was  for  the  moment 
laid  upon  the  shelf.  In  July,  182G,  it  was  resolved  by  the  promoters 
that  Messrs.  John  and  George  Rennie  be  employed  as  engineers  for 
the  line.  George  Rennie  undertook,  as  instructed,  a  new  survey  of  the 
country  between  the  towns,  to  advise  the  directors  as  to  the  line  they 
should  apply  for;  and  on  the  12th  August  the  promoters  adopted,  on 
his  report,  a  totally  different  line  from  George  Stephenson's,  passing 
considerably  to  the  south  of  that ;  and  Mr.  Charles  Vignolles,  on 
behalf  of  the  Messrs.  Rennie,  was  instructed  to  prepare  the  necessary 
plans  and  sections  for  going  to  Parliament. 

George  Stephenson's  estimate  for  the  whole  line  was  £400,000.  As 
the  plans  got  forward  it  became  obvious  that  there  was  at  least  this 
much  truth  in  what  the  opponents  of  the  previous  session  had  urged, 
viz.,  that  that  sum  was  quite  inadequate.  Meanwhile,  the  promoters 
had  made  terms  with  the  Bridgewater  Canal,  and  the  Marquis  of  Stafford, 
the  beneficially  interested  party,  took  1000  shares,  and  gave  them  his 
interest. 

George  Stephenson's  line  had  been  33  miles  in  length,  and  James' 
still  longer,  whereas  Messrs.  Rennie's,  or  Mr.  Vignolles'  line,  whichever 
we  should  call  it,  was  only  31  miles  in  length. 

These  engineers  for  the  first  time  projected  the  entrance  into  Liver- 
pool by  the  Edgehill  tunnel,  and  shifted  the  deep  cuttings  near  Liverpool 
from  a  slippery  clay,  in  which  George  Stephenson  had  placed  them,  into 
the  hard  and  dry  red  sandstone.  We  believe,  also,  that  upon  this  line 
for  the  first  time  appeared  the  then  bold  works  of  the  Sankey  viaduct, 
and  that  of  the  Newton  river. 

This  time  there  were  no  levels  wrong.  The  bill  was  brought  in  on 
the  7th  February,  182G ;  and,  after  a  fierce  struggle  of  about  two  months, 
became  law. 

In  May  of  the  same  year  the  directors,  the  company  being  formed, 
met ;  and,  says  Mr.  Booth,  "  In  an  undertaking  of  such  magnitude  a 
resident  engineer  of  experience  and  ability  was  indispensable  ;  "  and  he 
adds  with  a  most  singular  inconsequence,  as  might  be  supposed  from 
what  had  preceded,  "  the  directors  naturally  turned  their  attention  to 
Mr.  Stephenson,  of  Newcastle,  a  gentleman  thoroughly  acquainted  with 
practical  mechanics,  and  possessing  more  experience  in  the  construction 
and  working  of  railways  than  perhaps  any  other  individual "  (p.  3G). 
"The  directors  at  the  same  time  wrote  to  Messrs.  Rennie,  requesting 
them  to  undertake  the  professional  superintendence  of  the  undertaking  " 
(p.  3G).  Mr.  George  Rennie  had  an  interview  with  the  directors  in 
June,  when  he  offered  so  to  undertake,  making  at  least  six  inspections 
per  year ;  but  he  stipulated  that  the  resident  engineer  should  be  of  his 
own  appointing.  Than  this  nothing  could  have  been  more  natural 
and  suitable,  nor  more  in  accordance  with  unvarying  usage  and 
common  sense.  It  was,  however,  obviously  a  foregone  conclusion  with 
tiie  directors.  The  difference  in  view  was  made  the  pretext  for  getting 
rid  at  once  of  the  Rennies  and  of  Vignolles ;  and  George  Stephenson 
was  now,  not  appointed  resident  engineer,  but  engineer-in-chief,  and 
instructed  to  carry  out  the  line  traced  out  by  the  former  of  these 
engineers,  surveyed  by  the  latter,  and  planned  by  both. 

Mr.  Booth  has  given  (p.  25)  the  names  of  the  directors,  amongst 
whom  appear  all  George  Stephenson's  old  supporters,  who  performed 
this  most  glaring  act  of  injustice  and  nepotism.  The  act  landed  the 
elder  Stephenson  upon  a  platform  of  future  power,  of  which  he  no  doubt 
had  no  conception  until  after  the  Rainhill  experiments  had  developed 
their  results ,  but  the  position  obtained,  and  upon  which  as  a  fulcrum 
much  of  the  after  worldly  success  of  both  himself  and  his  son  Robert 
so  mainly  are  found  to  have  rested,  was  not  due  to  any  engineering 
merit,  but  to  connection,  interest,  and  favour. 

Upon  such  "  tides  in  the  affairs  of  men  "  do  fortunes  often  float. 
Had  the  men  to  whom  undoubtedly  a  great  portion  of  the  merits  of  the 
selection  and  planning  of  the  Liverpool  line  are  due  received  the  usual 
meed  of  professional  justice,  the  names  of  Rennie  and  of  Vignolles  might 
have  been  associated  with,  and  their  after  careers  have  been  exalted 
and  their  fortunes  aggrandized  by,  the  first  railway  revelation,  instead 
of  those  who  almost  alone  benefited  by  it. 

We  should  not  have  recounted  these  unflattering  facts,  were  it  not 
that  they  have  been  studiously  kept  out  of  sight  and  concealed  by  the 
biographers  of  the  Stephensons. 

George  Stephenson  thus  commenced  the  actual  work  of  the  Liverpool 
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line  with  the  advantage  of  the  brains  and  experience,  as  contained  in 
the  trace,  the  surveys,  and  the  plans,  of  the  Rennies  and  of  Vignolles. 

We  have,  however,  already  expended  too  much  space  over  this  not 
pleasant,  though  important  episode,  in  the  career  of  the  Stephensons. 

Robert  Stephenson  was  married  during  the  month  of  June,  1829,  to 
Miss  Fanny  Sanderson,  daughter  of  John  Sanderson,  Esq.,  of  Old  Broad 
Street,  London.  "  She  was  not  beautiful,  but  had  an  elegant  figure,  a 
delicate  and  animated  countenance,  and  singularly  expressive  dark  eyes. 
She  possessed  great  tact  in  influencing  others;  but  though  she  always 
had  her  way,  she  never  seemed  to  care  about  having  it."  Such  is  Mr. 
Jeaffreson's  sketch  of  her. 

Robert  Stephenson's  life  had  now  become  a  busy,  as  well  as  a  con- 
spicuous one.  Besides  being  engineer  to  two  or  three  minor  railways, 
and  being  consulted  as  to  many  others,  in  1830  the  Leicester  and 
Leamington  Railway  was  commenced.  Close  to  this  line  lay  the 
Snibston  estates,  which,  in  1831,  were  for  sale.  Robert  had,  through 
the  cuttings  on  the  line,  and  his  own  early  training  in  coal  viewing, 
perceived  that  the  seams  there  cut  passed  under  these  estates,  and  he 
urged  his  father  to  purchase  them.  This  purchase,  which  is  said  to 
have  proved  "  a  lucrative  concern,"  was  made  by  George  Stephenson, 
in  partnership  with  Mr.  Sandars  and  Sir  J.  Walmsley,  both  of  Liverpool. 
In  this  year  (1830)  Robert  became  a  member  of  the  Institution  of  Civil 
Engineers ;  and  in  the  same  year  the  project  for  a  railway  between 
London  and  Birmingham,  which  had  been  originally  brought  forward  as 
early  as  1824,  was  revived ;  and  in  the  latter  part  of  1830,  the  company 
having  been  formed,  and  having  decided,  by  the  advice  of  George,  upon 
the  route  via  Coventry,  an  agreement  was  entered  into  between  the 
promoters  of  the  company  and  the  Stephensons,  by  which  George  was 
appointed  engineer  with  his  sou  Robert,  the  former  at  seven  guineas, 
the  latter  at  five  guineas,  per  day.  The  first  bill  for  the  London  and 
Birmingham  line,  like  the  first  for  Liverpool,  was  a  failure,  though  not 
from  like  causes :  on  the  contrary,  Robert  Stephenson  showed  before 
Committee,  as  well  by  his  surveys  and  plans  as  by  his  evidence,  tact, 
and  knowledge,  that  he  was  the  man  equal  to  the  occasion ;  so  much  so 
that  it  is  stated  Lord  Wharncliffe,  the  chairman  of  the  Committee,  said 
to  him,  "  Don't  take  this  decision,  though  against  you,  to  heart.  You 
have  made  such  a  display  of  power,  that  your  fortune  is  made  for  life." 
The  project  was  again  brought  forward,  under  new  surveys  (the  third 
set),  and  the  Act  was  obtained  in  1833  ;  and  four  months  after  Robert 
Stephenson  was  formally  appointed  engineer  for  carrying  out  the  line. 
Not  without  opposition  "  from  a  strong  party  of  the  directors,  composed 
principally  of  his  father's  Liverpool  antagonists;  but  fortunately  Robert 
Stephenson's  enemies  were  borne  down  by  more  prudent  and  more 
honest  directors,"  says  Mr.  Jeaffreson. 

Quite  right  that  Stephenson  should  have  had  the  post  for  which  he 
had  been  qualified  by  three  years'  previous  good  service  to  the  company, 
and  for  which  he  had  shown  abundant  fitness.  But  how  is  it  that  the 
Rhadamanthus  of  biography  has  no  such  reflections  of  a  counter 
character  in  his  narrative  as  to  the  unfair  and  unmerited  way  in  which 
his  father  George  was  enabled  to  oust  those  who  had  similar  title  in  the 
case  of  the  Liverpool  line  ?  Is  this  the  justice  of  history ;  or  is  the 
suppressio  veri  only  a  judicious  and  justifiable  step  in  the  process  of 
eulogy  ? 

By  the  London  and  Birmingham  Railway  more  than  by  any  other 
work,  whether  material  or  intellectual,  that  he  performed,  will  in  our 
judgment,  the  professional  memory  of  Robert  Stephenson  be  continued 
and  judged  hereafter.  The  account  given  of  its  early  arrangement  and 
operations  towards  execution,  given  in  Mr.  Jeaffreson's  tenth  chapter, 
is  on  the  whole  very  good,  and  though  not  free  from  exaggeration  is 
more  free  from  it  than  most  other  parts  of  his  book.  The  construction 
of  112  miles  of  such  railway  was  in  1833,  beyond  doubt,  a  formidable- 
task  for  any  man ;  and  notwithstanding  some  points  as  to  original 
locali2ation  of  parts  of  the  line,  conception  of  details  of  design,  or  choice 
of  method,  which  have  given  rise  without  injustice  to  adverse  cri- 
ticism, tUis  line  of  railway,  the  date  at  which  it  was  executed  kept 
in  view,  must  remain  a  grand  monument  of  Robert  Stephenson's 
general  sound  judgment  and  great  administrative  power,  and,  broadly 
considered,  of  his  engineering  or  mechanical  capacity. 

Nothing,  too,  can  more  strikingly  indicate  the  difference  between  the 
uncouth,  unregulated  mind  of  the  uneducated  George,  and  the  naturally 
more  systematizing,  logical,  better  educated  and  trained  intellect  of  his 
son,  than  the  difference  between  the  modes  in  which  each  started  upon 
his  respective  premiere  line. 


On  the  Liverpool  line,  though  the  main  outlines  and  all  the  great 
features  of  the  work  were  in  fact  given  "  cut  and  dry "  to  George 
Stephenson,  with  the  plans  of  Messrs.  Rennie  and  Vignolles,  yet  its  pro- 
gress was  at  every  point  (with  the  exception  of  the  Liverpool  tunnel) 
a  perpetual  hand  to  mouth  affair,  carried  on  with  little  system  or 
ordination. 

On  the  London  and  Birmingham,  Robert  Stephenson  having  walked 
over  the  whole  line,  and  had  most  careful  surve3's  and  sections  made 
along  its  whole  length,  arranged  as  perfect  a  system  of  plan-drawing  and 
specifying  as  he  could,  and  separated  the  whole  into  five  districts  and 
thirty  divisions,  with  a  distinct  staff  to  each.  The  great  drawing  office 
for  all  was  in  London,  and  there  were  the  head-quarters  of  the  engineer- 
in-chief,  who  reserved  the  first  nine  miles  from  Camden  Town  to  be  under 
his  own  direct  supervision.  It  was  a  curious  fact,  but  one  from  which 
nothing  is  to  be  inferred  unfavourable  to  Stephenson,  that  one  of  the 
worst  failures  that  happened  upon  any  part  of  the  line  happened  upon 
this  short  length  designed  and  executed  under  his  own  immediate  eye. 
The  brick  retaining  walls  at  either  side  of  the  line,  where,  as  is  well- 
known,  it  goes  out  of  town  in  a  cutting  through  clay  of  moderate  depth, 
early  began  to  show  signs  of  coming  in,  and  had  ultimately  to  he 
propped  asunder  by  that  ugly  and  costly  system  of  cast-iron  struts, 
which  the  passenger  sees  sweeping  past  over  the  head  of  his  train.  It 
certainly  told  but  little  for  Stephenson's  exact  scientific  knowledge  and 
observational  discernment,  that  he  attributed  this  to  the  accumulation 
of  water  in  the  clays  behind  the  walls ;  and  that  under  this  notion  a 
good  deal  of  money  was  spent  in  boring  through  the  brick  walls,  and 
inserting  pipe-drains  into  the  clay  at  the  back,  under  Watson's  Patent. 

The  fact,  we  believe,  is  certain,  that  this  bulging  in,  of  these  walls 
was  caused  not  by  hydrostatic  pressure,  nor  by  any  original  insufficiency 
in  the  section  or  structure  of  the  walls,  but  by  the  swelling  of  the  clay ; 
produced  by  the  peroxidation  of  the  large  amount  of  iron  in  the  state  of 
intermediate  oxide  (Fe  0  -4-  Fe2  03  -J-  H  0),  and  probably  also,  in  part, 
in  that  of  finely  disseminated  pyrites  which  it  contained.  While  the 
clay  was  let  alone  and  corked  up  from  air  and  moisture  this  was  all 
quiet ;  but  no  sooner  was  it  cut  into  and  exposed  to  air  and  rain  than 
decomposition  set  in,  and  its  volume  enlarged  with  an  irresistible  force. 
It  must  have  been  relieved,  either  by  shoving  in  the  walls  or  lifting  its 
own  mass  vertically  behind ;  the  latter  is  what  the  cast  iron  struts 
compelled. 

Like  failures  from  like  causes,  though  at  that  time  their  true  nature 
was  still  unknown,  occurred  on  the  Manchester,  Bolton,  and  Bury 
line,  the  Brighton,  and  in  many  other  places.  Telford  had  remarked 
the  fact;  but  though  he  cautioned  others  of  the  danger  of  meddling  with 
such  clays,  he  had  no  idea  of  the  true  cause  of  the  danger. 

This  was  the  real  cause  of  the  difficulties  and  mishaps  that  occurred 
in  the  execution  of  the  Primrose  Hill  tunnel,  of  which  Mr.  Jeaffreson 
has  some  notice,  but  no  explanation. 

The  contract  for  this  tunnel  was  let  for  £120,000 ;  the  contractor 
failed ;  and  the  work  was  completed  by  the  company,  at  an  ultimate 
cost  of  £280,000. 

The  work  probably  never  could  have  been  done  for  the  former  sum, 
but  some  considerable  margin  might  have  been  saved  off  the  latter, 
had  Stephenson  had  better  chemical  and  mineralogical  knowledge;  and 
the  same  remark  applies  with  even  more  patent  force  to  the  case  of 
the  great  Wolverton  embankment,  which  was  formed  in  chief  part  of 
lias,  shales,  and  clays,  rich  in  decomposing  pyrites  and  coaly  par- 
ticles, which  heated  when  tipped  into  mass,  took  fire,  and  caused  much 
trouble,  delay,  and  expense,  although  the  ultimate  effect  of  the  combus- 
tion was  to  make  a  sound  material  out  of  a  v&ry  bad  one.  The  diffi- 
culties of  the  Kilsby  tunnel  were  more  or  less  foreseen  by  several  o'.' 
the  English  geologists  of  that  day,  as  well  as  by  Dr.  Arnold,  of  Rugby, 
based  no  doubt  in  his  case  chiefly  on  intimate  local  knowledge. 
Possibly  R.  Stephenson  himself  foresaw  both  difficulties  and  probable 
disasters  in  the  process  of  piercing  such  a  length  of  inclined,  faulted,  and 
waterbearing  beds,  chiefly  of  very  soft  or  poorly  coherent  material,  and 
quite  as  possibly  underrated  them,  relying,  as  northern  pitmen  still  do, 
upon  being  able  to  vanquish  the  devil  when  they  meet  him.  The 
difficulties  were  very  serious  and  the  cost  very  great  in  overcoming  them, 
but  they  were  overcome  ;  and  the  completed  work  is  a  noble  monument 
of  the  skill  and  daring  and  perseverance  of  Stephenson  with  his  staff,  and 
contractors.  At  that  early  date  the  cost  seemed  fabulous  and  crushing; 
yet  there  are  at  this  moment  in  Europe  not  less  than  twenty  tunnels 
that  have  cost  quite  as  much  per  yard  forward,  and  several  of  these 
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have  been  executed  within  a  few  years,  and  with  all  the  light  that 
twenty  years'  experience  has  afforded  to  engineers. 

The  only  question  that  can  still  be  justly  asked,  in  reference  to 
Stephenson's  engineering  ability  in  reference  to  this  celebrated  tunnel, 
is,  Was  it  indispensable  ?  was  there  no  possibility  of  having  avoided 
it  altogether  by  a  change  of  route,  without  encountering  fatal  opposi- 
tion? At.  this  late  period,  none  but  those  personally  concerned  in  the 
parliamentary  campaign  of  the  line  could  with  any  certainty  reply. 

It  was  during  the  progress  of  this  first  great  railway  of  England  that 
the  Great  Western  was  decided  upoD,  and  Brunei  appointed  its  engineer. 
It  is  stated,  and  we  believe  correctly  as  to  the  mere  fact,  that  Brunei 
requested  and  obtained  from  Stephenson  the  details  of  the  system  upon 
which  his  designs  were  made,  marshalled,  and  applied  to  the  work  on 
the  London  and  Birmingham,  and  that  the  information  freely  given  on 
the  one  side  was  freely  adopted  on  the  other — a  proof  of  that  which 
was  unquestionably  Stephenson's  chief  ability,  his  organizing  and  admin- 
istrative power ;  and  of  Brunei's  appreciation  of  it,  and  his  self-reliance 
in  venturing  to  ask  and  adopt  the  methods  of  his  great  cotemporary.  The 
methods  he  may  have  copied,  but  that  infers  nothing  as  to  the  designs 
themselves.  As  regards  design,  in  its  strict  sense,  no  two  men  were 
further  apart.  Brunei's,  whatever  else  may  be  said  in  qualification, 
were  ever  strikingly  original,  a  quality  of  which  no  remarkable  traces 
are  to  be  found  in  Stephenson's  woiks,  of  whatever  period.  The  line  of 
the  London  and  Birmingham  way  was  commenced  formally  1st  June, 
1834,  and  opened  for  traffic  on  15th  September,  1838;  a  period  of  four 
years  on  112  miles.  A  long  time  unquestionably,  as  we  count  time 
for  the  execution  of  such  works  now  ;  yet  one  iuvulving  vastly  greater 
rapidity  of  execution  than  had  been  known  on  the  most  similar  work 
previously  executed  in  Great  Britain. 

After  the  opening  of  the  London  and  Birmingham  railway,  the  life 
of  Robert  Stephenson,  though  presenting  the  glittering  aspect  of  a  man 
almost  if  not  undisputedly  at  the  top  of  his  profession,  consulted  on 
almost  all  great  engineering  questions,  socially  eminent,  wealthy,  with 
a  reputation  free  from  blemish,  apparently  to  all  outsiders  euviable, 
does  not  present  much  on  which  a  rapid  survey  of  his  biography, 
such  as  the  present,  need  dwell  at  length. 

In  his  Inner  life,  with  all  this  splendid  exterior  presented  to  the 
world,  he  seems  to  have  been  scarcely  a  happy  man  ;  and  certainly  is 
pictured  far  otherwise  by  his  biographer,  when  in  his  latter  years  ill 
health  weighed  down  his  energies,  and  he  found  himself,  in  the  midst 
of  crowds  of  acquaintances  and  of  such  friends  as  the  very  wealthy 
have,  a  solitary,  wifeless  man. 

For  such  incidents  as  are  told  us  of  these  latter  years  of  his  career, 
we  must  refer,  however,  to  Mr.  Jeaffreson's  pages.  Not  that  from 
these  we  can  gather  any  distinct  impressions  of  Robert  Stephenson,  the 
viiin.  A  cold  and  stilted  style,  and  the  careful  exclusion  from  the  pages 
of  everything  that  might  seem  to  detract  from  the  dignity  of  the  hero, 
has,  in  fact,  deprived  our  author's  portrait  of  all  individuality. 

We  shall  devote  another  and  concluding  notice  to  some  remarks 
upon  those  works  of  Robert  Stephenson  which  Mr.  Pole  has  chosen  for 
illustration. 

( To  be  concluded.') 


Practical  Specifications  of  Works,  executed  in  Architec- 
ture, Civil  and  Mechanical  Engineering,  and  in  Road- 
Making  and  Sewering,  with  Agreements  and  Reports.  By 
JniiN  Blenkarn,  C.E.  and  Architect.  8vo.  Plates.  Spon,  Lon- 
don.     1 805. 

Tins  is  a  work  devoid  of  all  pretension  upon  a  branch  of  professional 
acquirement,  "dull,  dry,  and  methodical,"  as  the  author  himself  calls  it 
in  his  preface  ;  but  not  the  less  essential  to  the  engineer  and  architect. 
It  is  also  a  very  good  compilation  of  examples,  and  well  arranged  and 
illustrated.  This  or  some  equivalent  work,  and  we  are  not  aware  of 
any  precisely  like  it  in  English,  should  undoubtedly  form  an  clement 
in  the  early  studies  of  every  one  who  expects  to  be  a  competent  mem- 
ber of  either  profession.  A  very  exalted  standard  of  morals  is  not  to 
be  expected  in  those  who  contract,  under  the  pinch  often  of  severe  com- 
petition, for  the  execution  of  works  of  architecture  and  engineering— if 
we  are  to  weigh  morals  by  the  fact  that  the  contractor  commonly 
assumes  that  he  is  bound  to  do  no  more  than  is  shown  or  can  be  fairly 
inferred  from  the  plans  and  specifications.     The  utmost  forethought 


and  precaution  are  thus  rendered  needful  to  the  architect  or  engineer 
who  would  keep  out  of  hot  water,  in  drawing  up  his  specifications,  so  as 
to  omit  nothing  important.  Strange  examples  are  known  amongst  the 
traditions  of  engineering  (with  which  we  are  ourselves  most  familiar), 
in  which  omissions  the  most  obvious,  and  involving  the  most  serious 
results,  have  been  made  in  specifications  emanating  from  the  offices  of 
men  of  the  highest  name  and  reputation. 

We  recollect  one  example  in  which  a  very  largo  contract  for  a  set  of 
docks  in  the  north  of  England  was  let  by  advertisement  and  tender 
upon  plans  and  printed  specifications,  several  years  ago  now.  The 
main  mass  of  the  work  consisted  in  timber  piling  and  filling  behind,  and 
iu  excavation  in  front. 

The  work  was  duly  let  to  a  highly  responsible  contractor,  at  a  figure 
a  good  deal  lower  than  the  lowest  competitor.  The  contract  was  duly 
signed  in  legal  form,  reference  all  through  the  instrument  being  made 
to  "the  printed  specification  of  the  engineer,  as  attached  hereto." 

The  work  was  commenced,  when  the  interested  parties  were 
astounded  by  a  letter  from  the  contractor,  requesting  that  he  might  be 
provided  with  timber  to  proceed  with  his  work  without  delay.  The 
reply  was  instant.  "  Mr.  ■ -,  we  have  nothing  to  do  with  provid- 
ing you  with  timber.  You  are  to  provide  the  timber,  of  course,  to 
fulfill  your  contract."  "  Pardon  me,  gentlemen"  (we  fear  this  was  not 
exactly  the  form  of  rejoinder  of  the  somewhat  blunt  and  uncouth  but 
astute  contractor),  "  but  you  will  find  you  are  mistaken — there  is  not 
one  word  in  my  contract  that  requires  me  to  supply  the  timber  for  your 
work.  Send  me  the  timber  and  I  will  put  it  in  place,  and  make  the  dock 
for  you  of  it."  The  documents  were  now  looked  to  with  the  scrutiniz- 
ing eye  that  ought  to  have  been  applied  to  them  ere  they  were  signed, 

and  it  was  found,  that  in  very  deed  and  fact  it  was  as  Mr.  , 

aided  by  his  own  skilful  lawyer,  had  stated. 

It  was  tacitly  assumed  all  through  the  specification,  that  the  timber 
was,  as  matter  of  course,  to  be  supplied  by  the  contractor.  It  was  suf- 
ficiently obvious  to  a  plain  honest  reader  that  it  was  so — that  every  one 
of  the  competing  parties,  except  the  lucky  individual  who  collared  the 
work,  had  passed  without  notice  or  observation  the  fact  that  by  no 
necessary  reading  or  construction  of  the  whole  of  the  documents  taken 
together,  specification  and  contract,  could  it  be  shown  that  it  was 
obligatory  upon  the  contractor  to  supply  the  timber ;  and  in  the 
only  clause  referring  to  supply  materials  in  the  specification,  while 
various  other  classes  of  material  were  named,  the  word  timber  did  not 
occur.  Legal  opinions  taken  were  doubtful  or  adverse  ;  and  the  upshot 
was  a  compromise,  by  wdiieh  the  contractor  got  added  to  his  low  tender 
a  sum  which  covered  at  a  very  high  figure  the  whole  cost  of  the  timber 
he  had  knowingly  omitted. 

This  anecdote  may  serve  to  show  the  value  of  well  drawn  specifica- 
tions and  contracts,  though  it  is  one  of  a  character  so  flagrant  as  to  be 
little  likely  to  occur  again,  at  least  on  such  a  scale ;  yet  on  a  minor 
scale,  such  subtle  evasions  of  work  are  occurring  constantly. 

It  would,  we  think,  have  been  an  immense  improvement  upon  this 
work,  if  the  author  had  commenced  it  by  a  preliminary  treatise,  in 
which  he  should  have  discussed  and  developed  the  general  principles — 
the  great  leading  conditions  which  should  be  common  to  all  specifications 
and  contracts. 

Example  alone  is  a  narrow  and  cramped  mode  of  teaching,  and  tends 
even  to  preveut  him  who  has  so  learned  from  ever  advancing  beyond  the 
mental  leading  strings  of  precedent.  Principles  should  first  be  taught, 
and  then  the  teaching  enforced  by  examples.  To  the  architect  we 
think  this  work  of  Mr.  Blenkarn  will  prove  of  more  value  than  to  the 
civil  engineer.  Indeed  the  author  does  not  attempt  any  elucidation  or 
example  of  the  verbal  and  pictorial  machinery  by  which  any  great  and 
complex  engineering  work,  such  as  a  great  line  of  railway,  under  one 
or  more  contracts,  is  executed. 

There  is  here  room  for  another,  and  a  new  and  valuable  volume ; 
one,  for  example,  that  should  describe  for  the  young  civil  engineering 
student  the  whole  machinery  by  which  a  great  line  of  railway,  becomes 
a  concrete  reality  from  the  first  conception — the  passage  through  Par- 
liament— the  creation  of  the  capital — the  appointment  of  engineers,  &c. ; 
and  the  intricate  and  fine  machinery  of  the  office  of  the  first-class  en- 
gineer, engaged  upon  a  vast  work — a  Brunei  preparing  a  Great  Western, 
or  a  Stephenson  a  London  and  Birmingham. 

Of  all  this,  our  technical  literature  presents  almost  nothing.  Much 
of  great  interest  and  value  might  be  added,  descriptive  of  the  apparatus 
and  methods  by  which  works  are  let  and  executed  abroad,  especially 
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in  Fiance  and  Germany,  where,  especially  in  the  latter  country,  this  is 
all  well  understood  and  systematized,  and  acted  upon  with  even  a  greater 
regard  to  form  and  exactness  than  in  England. 


The  Mule  Spinning  Process,  and  the  Machinery  employed  in 

it with   special   kegard   to    spinning    of    middle  flne 

Numbers.     By  Kurt  Neste.    With  11  plates.     8vo.     Heywood, 
Manchester.      18G5. 

This  is  a  purely  special  practical  book  for  the  cotton  spinner,  and,  we 
apprehend,  a  very  useful  and  valuable  addition  to  the  technical  literature 
of  the  cotton  mill. 

"  Most  works  that  have  previously  appeared  on  cotton  spinning," 
says  the  author,  "  consist  of  calculations  of  the  weight  of  yarn,  and  of 
arbitrary  rules  to  the  spinner  to  alter  such  and  such  wheels  or  '  speeds,' 
so  as  to  pass  from  one  yarn  number  to  another." 

This,  Mr.  Neste  rightly  says,  is  not  sufficient.  If  a  man  will  be  a 
good  spinner,  he  must  understand  the  principles  of  the  machines  he  is 
concerned  with,  and  then  he  will  know  how  best  to  modify  or  improve 
their  action.  For  this,  however,  some  general  preliminary  knowledge 
of  machinery  is  necessary,  and  this  the  author  proceeds  to  give  in  his 
opening  chapters. 

These  are,  in  fact,  a  brief  treatise  on  kinematics,  or  the  mechanics  of 
pure  motions,  from  the  cotton  machinery  point  of  view,  and  very  fairly 
written. 

We  cannot  but  entertain  some  apprehension,  however,  that  the 
author's  formulae  may  prove  in  some  instances  unmanageable  by  the 
generally  skilful  and  clear-headed,  but,  in  rudimentary  matter,  ill-educated 
Lancashire  working  man. 

Mr.  Neste  himself  we  presume  to  be  probably  of  the  operative  or 
superintendent  class,  and  we  fancy  has  been  educated  in  Germany,  not 
only  from  his  name,  but  from  the  scientific  and  exact  way  in  which 
he  treats  the  matter  before  him.  It  would  be  well  for  us  nationally,  if 
the  Science  and  Art  department  of  the  Board  of  Trade  had  imbibed  a 
clearer  notion  than  the}'  have  of  the  wants  of  our  operative  classes  in 
the  way  of  technical  education.  Something  widely  different  from  scrap- 
ing together  pictures  and  so  forth  at  Brornpton,  and  patrouizing  lace 
and  embroidery,  is  wanting,  if  our  foremen  and  workmen  in  all 
mechanical  arts  are  not  to  fall  astern  o:  those  of  other  countries,  where 
the  true  genius  and  nature  of  technical  education  is  understood  and 
f.cted  on — while  with  us  it  does  not  exist. 


A  Record  of  the  Progress  of  Modern  Engineering,  1864, 
Comprising  Civil,  Mechanical,  Marine,  Hydraulic,  Railway,  Bridge, 
and  other  Engineering  Works,  with  Essays  and  Reviews.  Edited 
by  William  Humber,  A.I.C.E.,  M.I.M.E.  Folio.  London: 
Lockwood.     1865. 

As  regards  the  matter,  as  well  as  the  execution  of  the  Plates  which  form 
the  greater  portion  of  the  bulk  of  Mr.  Humber's  work,  this,  the  second 
volume,  shows  a  decided  advance  upon  the  first.  The  first  was  good, 
but  the  second  is  still  better ;  and,  although  we  adhere  to  the  opinion 
that  the  enunciation  of  sound  and  clear  principles,  both  of  theory'  and 
practice,  are  far  more  important  than  mere  examples  to  the  advance- 
ment of  engineering,  we  think  Mr.  Humber  has  done  the  profession 
good  and  true  service,  by  the  fine  collection  of  examples  he  has  here 
brought  before  the  profession  and  the  public. 

The  Plates  are  beautifully  executed,  and  on  a  sufficiently  large  scale, 
for  clearness  and  precision  as  to  detail,  and  for  compass  measurement. 
We  can  scarcely  say  as  much  in  praise  of  the  letterpress  which  accom- 
panies these  plates,  which  is  brief,  but  not  always  either  very  pithy  or 
quite  correct,  we  think,  in  the  views  or  opinions  enunciated. 

The  volume  commences  with  a  brief  biographical  sketch  of  Robert 
Stephenson,  Esq.,  C.E.,  M.P.,  F.R.S.,  stated  to  be  an  extract  from  the 
annual  report  of  the  Institution  of  Civil  Engineers.  Wherever  it  comes 
from,  it  is  free  from  express  fl  ittery,  and  although  it  continues  one  or 
two  minor  errors  as  to  matters  of  fact  which  have  been  brought  into 
currency  by  the  professed  biographers  of  the  Stephensons,  it  is  on  the 
whole  a  f.iir  ungarnished  narrative  of  a  great  and  splendid  career  of 
engineering  success. 

It  is  illustrated  by  a  photograph  portrait  of  R.  Stephenson,  which 
though  necessarily  a  likeness,  is,  to  our  eye,  a  highly  unfavourable  one 
of  the  man. 


Apart  from  the  purely  descriptive  matter  referring  to  the  v. 
delineated  in  the  Plates,  there  is  not  much  text.     Amongst  that  little 
is   a  tolerably  good  and  suggestive  article  on  Ports,  Harbours,  and 
Breakwaters,  and  another  on  Permanent  way. 

A  third  of  these  original  articles  (and  which  nearly  exhausts  the 
list)  is  one  on  a  highly  important  subject,  "The  coating  of  Iron 
structures  to  prevent  oxidation,"  which  is  the  only  really  bad  article  in 
the  work. 

In  many  particulars  it  is  scientifically  incorrect ;  while  its  chief  aim 
appears  to  be  to  exalt  the  virtues  of  the  Torbay  mineral  paints  (against 
which  paints  we  have  nothing  to  say)  and  the  much  extolled  M 
Szerelmey,  and  his  wonderful  secret  of  the  ancients,  revealed  to  him  in 
particular  in  these  latter  days — the  Zopissa — which  the  profane  never- 
theless fancy  is  only  wax  and  rosin  of  some  sort. 

Some  four  years  ago  or  so,  helped  by  court  favour,  it  was  ill-natur- 
edly said,  M.  Szerelmey — then  under  Sir  Benjamin  Hall's  auspices — 
was  let  to  have  his  will  with  the  iron  roofs  of  the  Houses  of  Parlia- 
ment, and  was  reported  to  have  applied  zopissa,  and  a  far  more 
marvellous  compound  still,  his  "  granitic  paint :"  and  at  the  time 
great  was  the  felicitation,  official  and  unofficial,  that  rusty  iron  was 
expelled  the  world — had  not  zopissa  killed  oxidation  for  ever? 

The  roofs  were  at  that  time,  in  fact,  in  such  a  state  that  Sir  Ben- 
jamin Hall  was  told  by  a  competent  authority — who,  however,  neither 
had  a  secret  nor  court  favour,  nor  was  "  an  ingenious  foreigner,"  and 
who  simply  enough  recommended  that  the  subject  should  be  looked 
into  more  carefully  before  any  prescription  was  exhibited  to  the  sick 
roof — that  the  plates  would  be  eaten  into  holes  by  the  increasing  pro- 
gress of  oxidation,  the  subsequent  evils  of  which  nothing  could  stop, 
unless  speedily  attended  to. 

Dr.  Szerelmey  was  called  in,  and  instantly  spread  a  plaster  upon  the 
patient  in  the  shape  of  a  coat  of  some  sort  of  gray-green  paint — ■ 
whether  zopissa,  or  spreadible  granite,  we  know  not. 

The  paint  was  probably  neither  much  worse,  nor  much  better,  than 
any  other  oil  or  resinous  paint. 

But  tell  it  not  in  Gath  1  Those  who  go  over  Westminster  bridge  of 
a  dry  day,  after  the  dust  and  soot  has  been  washed  off  the  roofs  by  rain, 
behold  them  now  as  red  and  rusty  as  they  were  before  the  prescription 
— except  indeed  a  plate  here  and  there,  where  the  dose  has  been 
repeated,  and  new  coats  of  the  indestructible  paint  applied,  to  cover 
over  the  rusty  cast  iron  that  had  parted  company  with  its  previous 
garment  of  "  undetachable  and  indestructible  paint."  Those,  too,  who 
cast  their  eyes  still  -higher,  declare  that  the  plates  of  the  extinguisher 
roof  of  the  clock  tower  are  in  a  worse  state  of  rust,  than  even  any  part 
of  the  cast-iron  plates  of  the  main  roofing.  Could  we  get  up  to  the 
gilded  iron-work,  and  examine  it  narrowly,  we  fear  it  might  tell  a  still 
more  lamentable  tale.  It  is  certain  to  do  so  in  the  end ;  though  we 
admit  that  well-varnished  iron,  galvanized  beforehand,  and  gilded  over 
with  probably  three  layers  of  extra  thick  pure  gold-leaf,  with  a  layer 
of  varnish  between  each  and  another  over  all — is  quite  likely  to  beat 
zopissa  hollow  in  the  race  for  eternity.  Mr.  Humber  should  respect 
his  own  excellent  work  too  highly  to  let  it  become  the  vehicle  for  error, 
or  giving  the  sanction  of  its  pages  to  puffing  of  charlatan  nostrums. 


CORRESPONDENCE. 


$2j"  Y,'e  do  Dot  hold  ourselves  responsible  for  the  views  or  statements  of  our 
Correspondeuts. 


MECHANICAL  ROCK-BOEING. 

{To  the  Editor  of  the  Practical  Mechanic's  Journal.') 

Sir, —  My  attention  has  been  called  to  your  article  of  this  month  on  "  Mechanical 
Rock-boring,"  &C.  You  have  been  misinformed  with  regard  to  Captain  Penrioe's 
Machine.  I  had  charge  of  it  at  Spezia  last  year,  when,  in  the  presence  of  engineers 
from  Mont  Cenis,  and  other  parts,  we  averaged  more  than  a  foot  an  hour,  for 
several  hours,  through  very  hard  limestone,  driving  the  machine  about  200  strokes  per 
minute.  The  machine  was  the  same  that  was  used  at  the  Malvern  tunnel.  The 
Worcester  and  Hereford  Railway  Co.  undertook  to  provide  steam-power;  their 
engineers  denied  the  possibility  of  the  machine  making  above  100  strokes  a  minute, 
and  the  boilers  they  provided  did  not  afford  steam  for  above  three  minutes. 
Soon  after  the  machine  arrived,  the  hard  rock  which  had  stopped  them  for  several 
years  came  to  an  end  unexpectedly,  and  the  machine  was  not  wanted.  In  the 
machine  which  we  are  now  making  to  cut  the  tunnels  on  the  Genoa  and  Spezia 
railway  (to  be  worked  by  compressed  air),  there  are  fewer  chisels — consequently, 
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tbey  are  more  easily  replaced;  the  ram  and  cutter-head  are  as  light  as  they  can  be 
made  in  gun  metal.  The  stroke  does  not  exceed  two  inches,  and  from  300  to 
400  are  made  in  a  minute;  the  rock  is  cut  in  concentric  grooves  some  inches 
apart,  and  the  ridges  are  knocked  off  by  short  chisels  intervening  between  the 
grooves.  In  this  manner  not  one-twentieth  of  the  rock  is  cut,  by  cutting  out  the 
periphery  only  and  boring  a  central  hole.  Much  time  is  lost  in  getting  out  the  core. 
The  concentric  grooves  should  be  made  as  far  apart  as  the  nature  of  the  rock  will 
admit.    The  machine  cuts  a  circular  bore,  advances  itself,  and  clears  away  the  debris. 

With  Captain  Penrice's  permission  I  shall  be  glad  to  send  you  a  tracing  of  the 
machine  which  is  being  made  at  the  works  of  Messrs.  Hawks,  Crawshay,  &  Co., 
Gateshead,  and  you  will  then  see  that  the  invention  is  in  a  much  more  perfect  state 
than  you  were  aware  of.  Several  engineers  who  have  seen  it  working  are  confident 
that  it  will  supersede  the  drilling  apparatus  at  work  in  Mont  Cenis. 

The  patents  of  the  machine  have  been  purchased  by  a  company  in  London. 

Hoping  you  will  insert  the  above  in  your  next, 

I  am,  &c, 

Gateshead,  24th  May,  1865.  HENRY  CHARLTON. 

[We  shall  be  glad  to  receive  the  proposed  tracing  of  Captain  Penrice's  machine, 
and  if  we  have  done  it  any  injustice,  of  which  so  far  we  are  unconscious,  shall  be 
ready  to  repair  it.  If  we  rightly  comprehend  our  correspondent,  however,  this 
particular  machine  to  which  he  refers,  is  something  very  different  indeed  from  the 
original  machine  tried  at  Newcastle. — Ed.] 


recovered ;  for  in  order  to  start  the  disc  afresh,  with  its  full  original  vigour,  it 
would  be  simply  necessary  to  loose  hold  of  it;  no  new  force  being  wanted. 

Mr.  Miller  appears  to  me  to  have  overlooked  the  fact  that  if  the  force  employed 
to  drive  a  body  forward,  as  in  the  case  of  a  railway  train,  he  kept  up  in  excess  of 
the  resisting  forces,  the  result  must  be  a  constant  acceleration  of  the  speed;  such 
acceleration  answering  exactly  to  the  sum  of  the  disparity  maintained  between  the 
driving  force  and  the  resistance,  and  that  consequently,  in  the  absence  of  such 
acceleration,  there  cannot  possibly  he  any  such  continuous  disparity.  To  initiate 
motion  there  must  undoubtedly  be  a  momentary  disparity  offeree;  but  as  I  before 
observed,  this  is  merely  a  small  stock,  borrowed,  if  I  may  so  term  it,  for  the  purpose 
of  effecting  the  start,  and  quite  recoverable,  if  need  be,  at  the  end  of  the  course. 

E.  HILL. 

London,  May  19,  18G5. 


PROCEEDINGS   OF   SCIENTIFIC    SOCIETIES. 


SCOTTISH    SHIPBUILDERS'   ASSOCIATION. 


CALCULATING  THE   POWER   OF   THE   STEAM   ENGINE. 

(7b  the  Editor  of  the  Practical  Mechanics  Journal.*) 

Sir,— Your  correspondent,  James  N.  Miller,  accuses  Dr.  Lardner  and  others  of 
error  in  confounding  the  power  required  to  prevent  the  motion  of  a  body  that  has  a 
given  tendency  to  move  (as  in  preventing  the  descent  of  a  weight)  with  that  required 
to  move  such  body  in  a  direction  contrary  to  such  tendency;  as  in  compelling  a  weight 
to  ascend.  He  truly  says,  "that  two  forces  acting  on  an  object  at  the  same  point 
and  in  opposite  directions  would  neutralize  each  other  ...  no  motion  could  be  pro- 
duced thereby,  but  stable  equilibrium  would  be  their  result."  And  he  argues  that 
to  estimate  the  power  of  a  steam  engine  as  though  it  were  capable  (friction,  &c., 
apart)  of  overcoming  a  resistance  equal  to  the  steam  pressure  maintained  upon  its 
piston,  instead  of  simply  holding  such  opposing  force  at  bay,  is  a  blunder.  He  does 
not  give  us  a  specific  instance,  and  show  us  the  amount  of  the  supposed  error 
therein.  Had  he  attempted  to  do  this,  I  think  he  must  have  discovered  that  Lardner 
was  right,  and  he  himself  in  error.  Let  us  take  his  own  instance  of  two  equal 
weights,  A  and  B,  suspended  by  a  rope  over  a  pulley,  one  at  either  end  of  the  rope, 
and  consequently  pulling  against  each  other.  It  is  true  enough  that  neither  weight 
could  lift  the  other  without  help,  even  though  the  friction,  stiffness  of  the  rope,  and 
the  atmospheric  resistance,  were  compensated  by  a  force  applied  to  the  pulley  (or 
otherwise)  for  that  especial  purpose.  But  suppose  a  little  help  were  given,  just  to 
start  the  weight  A  upwards.  Then,  since  the  compensating  power  would  render 
the  motion  of  the  two  weights,  one  up  and  the  other  down,  perfectly  free,  being 
once  started  such  motion  would  continue  until  arrested  by  some  obstacle;  and  upon 
such  obstacle  would  be  discharged  precisely  the  amount  of  the  force  employed  to 
give  the  start;  no  force  whatever  having  been  expended  in  effecting  the  motion  of 
the  weights,  but  merely  a  small  stock  having  been  advanced  at  the  commencement 
of  such  motion,  and  received  back  at  its  termination.  Nor  has  the  latent  force  of 
the  weights  themselves,  taken  together,  been  either  increased  or  diminished;  for 
what  the  one  has  lost  by  its  descent,  the  other  has  gained  by  its  ascent,  the  loss 
and  the  gain  being  precisely  equal ;  and  the  centre  of  gravity  of  the  two  weights, 
taken  together,  having  neither  ascended  nor  descended. 

To  compare  small  things  to  great  ones,  our  earth,  having  received  its  original 
impulse,  swings  on  its  orbit  indefinitely;  and  should  some  other  celestial  body,  vast 
enough  to  arrest  its  motion,  get  into  its  way,  the  earth  would  no  doubt,  in  striking 
such  body,  deliver  a  blow  equal  to  the  whole  force  of  the  impulse  first  given  to  it, 
the  continued  motion  through  countless  ages  having  been  accomplished  without  the 
consumption  of  even  a  particle  of  force. 

For  an  illustration  that  Mr.  Miller  may  think  more  to  the  point,  let  us  suppose 
there  to  be  a  vertical  steam  cylinder  of  indefinite  height,  having  a  piston  loaded  up 
to  a  ton  in  weight;  and  suppose  also  that  means  had  been  provided  by  which  the 
friction  and  atmospheric  resistance  should  be  correctly  compensated.  Suppose  next 
that  steam  were  admitted  under  such  piston,  having  an  upward  pressure  of  exactly 
a  ton.  No  doubt  the  result  would  be  mere  equilibrium,  without,  however,  any  con- 
sumption of  force;  provided  the  steam  were  prevented  from  cooling,  which  must  be 
assumed  in  order  to  discmbarass  the  proposition.  But  now  suppose  that  additional 
steam  force  were  admitted  for  a  few  moments  only,  by  which  a  given  rate  of  upward 
motion  should  be  communicated  to  the  piston.  No  mechanist  will  doubt  that  such 
rate  of  motion  could  be  continued  indefinitely  by  merely  supplying  steam  enough  to 
afford  a  continuous  pressure  of  a  ton ;  nor  can  it  be  doubted  that  when  this  last 
steam  supply  should  be  cut  off,  the  piston  would  continue  its  upward  motion  slightly, 
i.e.,  to  the  exact  extent  required  to  exhaust  the  small  stock  of  force  advanced  at  the 
outset  to  overcome  its  vis  inertia;.  And  if  the  piston  upon  reaching  its  highest 
point  were  caught  and  fixed  there,  and  if  the  exact  height  that  it  had  attained 
above  its  starting  point,  were  compared  with  the  exact  quantity  of  steam  employed 
in  lifting  it  to  that  height,  I  doubt  not  that  the  result  would  be  found  to  accord 
■with  the  law  as  given  by  Dr.  Lardner;  viz.,  that  the  steam  force  employed  was 
exactly  equivalent  to  a  continuous  pressure  of  a  ton  through  which  the  spaces  that 
the  piston  had  been  lifted. 

The  continued  motion  of  a  pendulum  best  illustrates  the  fact,  that  in  originating 
motion  there  is  no  necessary  consumption  or  loss  of  force,  but  merely  an  advance 
for  a  time.  The  only  force  employed  in  setting  a  pendulum  in  motion  is  that  of 
the  hand  which  draws  it  aside,  and  thereby  slightly  raises  its  disc  or  weight;  and 
all  that  the  clock  has  to  do  for  it  afterwards  is  simply  to  compensate  its  losses  from 
atmospheric  resistance,  friction,  &c.  And  by  adroitly  catching  and  stopping  the 
disc  at  one  end  of  its  swing,  the  force  employed  in  starting  it  would  be  wholly 


IRON  SHIPS— BUILDERS'  MEASURE  versus  REGISTER  TONNAGE. 
Bv  Me.  Robert  Duncan. 
{Continued  from  page  90.) 
I  have  no  doubt  it  will  be  more  satisfactory  to  our  members  to  compare  my  state- 
ments and  results  by  the  facts  of  their  own  experience.  Meantime  I  shall  illustrate 
by  a  few  facts  from  my  own  and  other  experience.  Last  year,  at  the  meeting  of 
the  Institution  of  Mechanical  Engineers  in  Birmingham,  Mr.  Vernon,  of  Liverpool, 
read  an  excellent  paper  on  the  Construction  of  Iron  Ships,  in  which  be  stated, 
among  other  subjects — and  I  believe  expresses  pretty  nearly  the  received  opinion — 
that  the  weight  of  an  iron  ship  of  the  highest  class  at  Lloyd's  is  about  15  cwt.  to  the 
ton,  builder's  measure.  The  dimensions  of  the  vessel  quoted  in  illustration  were 
205'  X  33J'  X  23'  =  1166  B.M.  The  weight  of  iron  in  the  hull  is  stated  at  612 
tons,  and  the  finished  weight  of  the  vessel,  complete  in  hull  and  full  East  India 
outfit  =  901  tons.  Displacement  on  20  feet  load  draft,  2703  tons.  The  register 
tonnage  is  not  given,  but  the  particulars  correspond  nearly  with  the  following 
vessel  which  passed  through  my  hands: — 208  X  34j  X  23  =  1186  B.M.  Ton- 
nage under  main  deck,  1121;  ditto,  poop,  77;  gross  register,  1198  tons.  Dis- 
placement on  20  feet  (on  frames),  2725  tons.  This  vessel  was  built  to  class  12 
years  A  1  at  Lloyd's,  and  20  years  Liverpool  register.  The  weight  of  iron  ordered 
and  received  per  invoice  was  715  tons;  the  finished  weight  of  ship  complete,  928 
tons.  As  both  vessels  are  so  nearly  the  same  displacement  on  the  same  draft  of 
water,  and  the  dimensions  so  nearly  alike,  the  tonnage  under  main  deck  must  have 
been  very  nearly  the  same,  1120  tons,  the  displacement  being  an  exact  measure  of 
the  form  and  capacity.  The  difference  of  the  finished  weights,  901  to  928,  might  be 
accounted  for;  but  the  weight  of  iron,  612  tons  against  715,  is  not  exactly  explained, 
except  by  assuming  a  certain  per  cent age  of  ordered  or  invoiced  iron  ileducted  for 
scrap,  and  the  balance  considered  the  finished  weight  of  iron  in  the  hull. 


m  2 


SO0x,34-£x2f=U35  B.  M 

■g  Patio  of  Tannaye-65=9f-5  RcyMnilerDepk 
55  Poop 
JOOO  Gross 


2(10x31x21=  Q21  B  M 
Ratio     12G=9f-5Rcif.[JnJerDecK 
55  Poop 
WOO  Crass 


Lloyd's  Rules  do  not  admit  of  less  quantities  being  used  in  similar  ships.  Mr. 
Vernon  must,  therefore,  have  ordered  and  received  about  700  tons  iron,  and  deducting 
£th  for  scrap,  &c ,  leaves  612  or  thereby  for  finished  iron  in  the  hull.  The  latter 
quantity  I  do  not  intend  to  discuss,  as  it  is  indefinite.  The  invoiced  quantity  is 
easily  obtained  from  the  books  The  finished  weight  is  also  easily  obtained  from 
the  displacement  scale,  if  the  latter  be  correct,  and  the  register  tonnage  is  also 
easily  obtained  from  the  plan  or  the  ship.  Comparison  of  quantities  can  therefore 
be  easily  made  by  any  person,  without  the  necessity  for  reductions  and  allowances, 
which  can  never  be  uniform. 

We  have  built  several  vessels  of  200  X  34J  X  21  =  1135  B-M'  Register 
tonnage  under  deck,  942  ;  poop,  56— gross,  998.  Class  12  years  Lloyd's,  and  20 
years  Liverpool  registry.  If  the  builder's  tonnage  were  the  regulating  standard, 
our  weights  ought  to  agree  very  nearly  with  the  preceding  ships,  but  the  registers 
differ  by  200  tons,  and  the  weights  differ  in  the  same  proportion, 
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BM. 

KM. 

Iron. 

N.M. 
Rafo. 

M. 
Itftlio. 

Finished 
Weight. 

N  M. 
Rulio. 

BM. 
Ratio. 

First,...  1166  . 

Second,  11S6  . 
Thud,..  1133  . 

.  Say  119S  . 
.     "    1198  .. 

f612) 
•  1700J-  • 
....  715  .... 
....  5S9  .... 

..  -590  .. 
.  -597  .. 
.  -590  .. 

...  -60  .. 
...  -52  .. 

...  901  .... 

...  928  .... 
...  774  .... 

.     »    '775  .. 
.     »    -775  .. 

...  -783 
...  -682 

In  these  vessels  the  material  bears  no  regular  proportion  to  B.M.,  but  it  does 
bear  a  regular  proportion  to  N.M.  ;  the  comparison  of  the  two  last,  of  which  I  am 
certain,  being  as  follows,  the  ratios  of  weight  to  tonnage  being  as  above. 


B-M. 

N.M. 

119S     

Iron. 

Total 

1135    

774 

Difference. 

200    

128    

154 

If  a  shipowner  pays  for  1135  tons  B.M.  with  the  register  and  quantities  as  stated, 
at  the  same  rate  as  he  pays  for  1186  tons  b.m.,  with  the  register  and  quantities 
thereto,  he  must  have  a  poor  bargain  of  the  former,  or  a  good  bargain  of  the  latter, 
and  so  should  the  shipbuilder  by  reversing  cases.  But  it  appears  to  me  no  easy 
matter,  with  no  better  standard  than  b.m.,  to  assume  a  rate  or  a  margin  that  would 
admit  of  giving  150  tons  weight  of  extra  material  at  a  cost  of  £22  to  £24  per  ton. 
Yet  the  practice  is  not  unusual,  apparently  from  Lloyd's  Eegister;  numbers  of 
vessels  of  the  same  nominal  b.m.  varying  as  much  as  200  tons  in  their  registers. 
On  ships  about  this  size  a  very  great  difference  can  be  made  in  the  register 

tonnage  and  cost,  which  if  esti- 
mated as  usual  by  the  b.m.  tonnage 
should  show  no  difference.  For 
example,  a  vessel  of  the  dimen- 
sions quoted,  205  X  34&  =  1166 
b.m.,  can  be  made  to  vary  as  much 
as  500  tons  register,  say  from  780 
>  U  to  1280  under  main  deck,  by 
simply  varying  the  form  and  the 
depth  from  20  to  24  feet  depth  of 
hold.  On  any  one  depth  alone  it 
,  is  easy  to  vary  the  tonnage  nearly 
300  tons,  by  simply  altering  the 
form  between  fine  and  full,  within 
the  limits  of  merchant  ship  forms, 
as  that  an  unpractised  observer, 
and  possibly  some  who  fancy  them- 
selves excellent  judges,  could  have 
no  idea  of  the  amount  of  difference 
from  the  appearance  of  the  models 
or  vessels.  The  difference  in  the 
weight  of  these  vessels,  built  to 
s&.  1  at  Lloyd's,  will  be  as  *75 
per  cent,  of  register  tonnage;  so 
that  200  tons  difference  of  tonnage 
will  give  150  tons  difference  of 
weight,  and  400  tuns  difference  of 
tonnage  will  give  300  of  weight. 
The  smaller  vessel  will  cost  less 
than  the  larger  in  the  same  pro- 
portion; each  ship  will  be  fitted 
out  for  her  register  tonnage,  or  at 


least  according  to  specification  for  a  particular  trade,  the  cost  of  which  is  easily 
obtained.  All  those  varying  tonnages  will,  if  well-formed,  carry  equal  dead-weight 
cargoes  in  proportion  to  their  tonnage — say  a  regular  load  of  one  and  half  their 
register  dead-weight  on  draft  of  water  in  equal  ratio  to  the  depth  of  hold,  say  '9 
from  bottom  of  keel. 

The  mode  of  calculating  register  tonnage  by  ratios  is  exceedingly  simple.  The 
useful  limit  of  ratios  for  merchant  vessels  is  from  "55  to  "75  of  the  parallelopiped 
of  dimensions,  every  decimal  to  three  or  four  places,  and  any  degree  of  fineness 
or  fullness,  as  required  either  for  high  speed  or  low  speed.  Multiply  the  length 
between  perpendiculars  (including  the  rake  of  sternpost  to  main  deck),  the  breadth 
extreme  and  the  depth  of  hold  together,  and  the  sum  by  the  ratio  of  fineness  desired, 
divided  by  100,  the  result  will  be  the  tonnage  under  deck  (main  or  spar  deck,  as 
may  be)  which  may  easily  be  produced  on  plan  by  decimal  sections  designed  to  the 
ratio  of  form  required. 

Thus  for  the  dimensions  already  quoted,  205  X  34"5  =  1166  b.m.  on  any 
depth,  the  register  calculated  for  20  feet  depth  by  ratio  *6  is  as  follows : — - 

205  X  34*5  X  20  =  848  --j7^  tons  under  main  deck. 
34-2 


7072-5 
20 


141450 
•6 


+  100)848-70 

The  following  figures  will  explain  how  the  same  dimensions  can  be  made  to  vary 
about  300  tons,  as  previously  stated,  on  the  same  depth,  and  nearly  500  tons 
between  20  and  24  feet  hold:  205  X  34 J  =  1166  b.m.  any  depth  :— 


By  ratio, -55 

On  20  feet  hold, 778 

On  24  feet  hold, 934 


849 
1013 


•65 
919 
1103 


•7    75; 

990     1061  tons;   and 

1188    1273  tons. 


The  difference  between  778  and  10G1  being  283  tons,  and  the  difference  between 
034  and  1273  being  339  tons  on  the  same  depth  and  varying  ratios,  and  the  dif- 
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ference  between  778  and  1273  being  495  tons  on  extreme  of  depths  and  extreme 
of  ratios,  the  b.m.  tonnage  being  unvarying  throughout. 

All  those  tonnages  from  778  to  1061  on  the  same  depth,  or  from  778  to  1273 
on  the  varying  depths,  can  be  modified  to  ten  tons  or  one  ton  by  using  the  ratios 
from  two  to  four  decimal  places.  There  is  no  doubt  about  the  varying  weights 
also,  as  the  smallest  tonnage  can  be  built  on  the  700  ton  scale,  even  with  a  poop, 
while  the  largest  and  fullest  must  be  built  on  the  1200  ton  scale,  if  built  to  class, 
and  experience  on  all  the  ratios  has  proved  them  correct  weight  to  tonnage  on  any 
form.  Referring  to  figs.  1,  2,  3,  4,  which  represent  midship  sections  of  sailing 
vessels : — 3  and  4  show  the  difference  of  the  midship  form  of  the  limits  '55  and  "75 
on  the  same  length,  breadth,  and  b.m.  (the  ratio  of  middle  section  below  load  line 
being  as  ratio  of  displacement  -f-  *25  ;  thus  ratio,  tonnage  '65;  displacement, 
'61  -{-  '25.  '86  ratio  of  mid.  section),  but  with  the  depth  20  feet  in  the  one  and 
24  feet  in  the  other,  the  circumference  of  half  frame  in  the  small  vessel  is  32  feet, 
and  in  the  large  vessel  40  feet  to  main  deck,  of  course  the  plating  and  other  details 
of  the  hull  are  in  the  same  proportion,  scantlings  varying  as  the  tonnage.  Sections 
1  and  2  show  the  difference  of  form  and  ratios  for  the  same  tonnage.  No.  1  is 
200  X  34£  x  21  =  1135  b.m.,  ratio  65  =  945  N.M.  under  deck,  and  with  poop 
1000  tons  gross  register.  No.  2  is  200  X  31  X  21  =  927  b.m.,  ratio  "725  = 
945  N.M.,  under  deck,  and  with  poop  1000  tons  gross  register.  Both  vessels  are 
the  same  length  and  depth  and  register  tonnage;  they  differ  by  3£  feet  beam  and 
208  tons  b.m.  They  must  be  built  on  the  same  line  to  class,  and  the  narrow 
vessel  has  1'  6"  longer  midship  frame  than  the  broad  vessel,  V  6"  more  circum- 
ference for  plating,  &c,  &c,  and  the  vessels  take  precisely  the  same  quantities  of 
iron,  wood,  and  all  other  material.  Yet  many  builders  would  have  no  objection  to 
build  the  latter  at  an  ordinary  rate  per  b.m.  and  give  over  70  tons  register  in  addi- 
tion, while  very  few  would  be  willing  to  build  the  former  at  any  less  rate  per  b.m. 
with  register  135  tons  less.  I  would  prefer  the  register  in  both  cases,  and  the 
former  or  broad  ship  for  choice,  as  a  very  superior  ship  to  build  and  to  own. 

The  following  table  of  eight  sailing  ships  of  1000  to  1500  tons  intermediate 
sizes  and  ratios  of  tonnage  from  *65  to  "74  is  a  sample  of  the  relation  of  the  con- 
stant of  weight  to  register  tonnage,  the  vessels  having  been  built  by  four  different 
builders,  and  all  different  models.     I  give  the  weights  as  I  got  them : — 


Length. 

Breadth. 

Depth 

BM 

Register  N.M. 

Ratio 

of 
Form 

Class. 

°=1 

ssl 

si 

O  T. 
Cv  u 
-.  O 

=  2 

Hold. 

Above 

under 

c  £ 

tl3 

«£ 

Deck. 

Deck. 

Gross. 

o" 

771 

a^ 

190 

335 

21-5 

1014 

952 

42 

994 

■695 

12  Al 

553 

•55 

•775 

195 

34-5 

21-25 

1104 

961 

33 

994 

•672 

Do. 

588 

■59 

771 

■775 

200 

32 

21-5 

985 

958 

36 

994 

•696 

Do. 

597 

•6 

774  -777 

200 

34-5 

21 

1135 

943 

56 

999 

■65 

Do. 

560 

■59 

775;  '775 

200* 

33-7 

22-5 

1090 

1111 

60 

1171 

•732 

Do. 

784 

•67 

975i  -833 

208 

315 

23 

1186 

1121 

77 

1198 

■681 

Do. 

N. Rules 

715 

•595 

92Sj  -775 

205 

35 

22-5 

1198 

1142 

82 

1224 

•707 

A, 

681 

•557 

924  -735 

224 

37-5 

24-75 

1507 

1462 

63 

1525 

■707 

Do. 

910 

•6 

11201-735 

That  the  constants  apply  to  steamers  as  well  as  sailing  vessels  is  shown  hy  the 
following  table  of  eight  screw  steamers  from  100  to  1500  tons  built  between  1855 
and  1862  during  several  changes  of  Lloyd's  Rules: — 


Register  N 

M. 

<H        "O 

o 

t 

**  6 

Length. 

Breadth. 

Dcplh 
of 

B.M. 

Ratio 
under 

Class. 

o  c  £ 

S  S 

Ho:d. 

Under 
Deck. 

Above 
Deck. 

Gross. 

Deck. 

h    ,5 

So 

96 

120 

18-5 

9-5 

200 

133 

5 

138 

•63 

9  yrs. 

81 

•59 

■7 

145 

22 

12 

339 

260 

3 

263 

■68 

Do. 

152 

•58 

IV  9 

•63 

160 

24 

12 

446 

325 

19 

333 

•705 

Do. 

193 

■58 

226 

•68 

180 

26 

13 

591 

362 

42 

404 

•60 

Do. 

242 

•60 

3031 

•75 

214 

28 

16 

822 

604 

91 

("55 
(30 

695 

House 

■63 

12  yrs. 

430 
Hull* 

Poop. 

•62 

500 

■72 

220 

26 

17 

734 

660 

745 

■678 

9  yrs. 

400 

•58 

491 

•66 

(66 
144 

House 

250 

30 

21 

1110 

1059 

1170 

•666 

Do. 

661 

•6 

795 

■63 

1855) 

255 

36 

22 

1600 

1384 

39 

1423 

•685 

12  yrs. 

853 

•6 

956 

•7 

The  variation  in  constants  is  due  entirely  to  extras  in  construction  and  equip- 
ment, the  class  being  true  constant.  The  iron  columns  in  these  tables  must  be 
understood  to  mean  only  the  hull  iron  proper,  including  masts  of  iron,  bnt  exclu- 
sive of  smith-work,  bolts,  and  nails. 

As  a  further  illustration  of  the  accuracy  of  the  constants  of  weight,  irrespective 
of  dimensions,  the  following  details  of  two  vessels  will  show — the  one  a  screw 
steamer  ten  beams  length,  the  other  a  sailing  ship  of  less  than  six  beams  length : — 

Ship  200  X  34-5  X  21.    Gross,  1000  nji. 


S.S.  340  X  34  X  24.    Gross,  2100  N.M. 

Register  under  Deck,  1890. 

Keel,  stern,  sternpost,  and  rudder, ! 

Angle  iron, 355  tons. 

Beams, 62     " 

Floors,  stringers,  ties,  keel- 
sons, &c,  plates, 177     " 

■  5! 

Hull  plates, * 


Eegister  under  Deck,  943. 

Keek  stern,  sternpost,  and  rudder, 11 

Angle  iron, 149  tons. 

Beams 41     » 

Floors,  &c, 102     » 

292 

Hull  plates, 215 

518 


I  purposely  omit  the  small  details  of  straps,  rivets,  &c,  and  the  material  excln- 

*  The  fullest  vessel  is  extravagantly  heavy,  being  nearly  100  tons  in  excess  of  all 
classes  in  iron  and  other  material. 
|  Extra  for  cattle  trade. 
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sively  pertaining  to  steam  vessels,  and  arrangements  for  machinery.  The  latter, 
with  additional  bulkheads,  usually  increase  the  ironwork  of  steamers  4  per  cent,  of 
tonnage  over  sailing  vessels.  Each  item  in  these  quantities  is  not  necessarily  in 
exact  ratio ;  it  is  only  in  the  sum  totals,  and  justly  so,  that  the  equality  of  the 
ratio  of  weight  to  tonnage  is  apparent ;  my  object  in  the  foregoing  comparison  of 
weight  and  length  being  to  show  that  in  all  the  material  dependent  on  length, 
form,  and  tonnage  for  classification,  Lloyd's  Rules  are  nearly  uniformly  constant  to 
register  tonnage,  independently  of  dimensions,  from  100  to  2000  tons. 

Note. — Since  reading  this  paper,  I  have  been  favoured  by  Messrs.  Gourlay  Brothers, 
Dundee,  with  particulars  of  a  few  of  their  vessels  built  to  class,  which  further  prove  the 
constants  correct.    Here  is  the  table  :— 


Register  N.M. 

2fi 

Su 

Breadth. 

Depth 
of 

B.M. 

Ratio 
under 

Class. 

»  c .- 

.i1  — 

c  - 

Hold. 

Under 
Deck. 

Above 
Deck 

fiross. 

Deck. 

£-| 

So 

•"o 

s.s.  230 

29 

16-40 

950 

G85-S0 

96-12 

781-42 

•626 

Ai 

Do. 

469 

•6 

539 

•69 

»     216 

28 

16-25 

sao 

601-78 

90-59 

692-37 

■612 

407 

•59 

477 

•69 

./     208 

28 

1645 

797 

569-90 

94-48 

664  38 

•595 

12  Al 

396 

•6 

478 

■72 

»     216 

27 

15-45 

774 

531-02 

78-62 

60964 

•588 

9A1 

360 

•59 

414 

•68 

»     144 

20-75 

9-46 

301 

186-42 

20-3 

216-72 

•66 

Do. 

127 

•61 

150 

•72 

Ship  170     28 

18-8 

639 

603-8 

— 

603  8 

■675 

12  Al 

350 

•58 

470 

•778 

These  weights  do  not  include  forgings,  hut  they  include  masts  and  deck-house  framing. 

It  will  be  apparent  from  the  tables  and  foregoing  remarks  that  the  constants  of 
weight  are  very  nearly  as  follows  :  — 


LMeTule.  Gross  ReS. 

Sailing  Ships,  12  Years,    1-000    . 

>  ^^1       1000    . 


Iron. 
■59 
•55 


Finished  Weight 
of  Ship. 

-775 


If  built  to  Liverpool  rule  20  years,  in  addition  to  Lloyd's,  the  increase  of  material 
in  very  full  vessels  of  large  tonnage  and  small  dimensions  is  slight,  from  1  to  2  per 
cent,  in  excess  of  Lloyd's;  but  in  the  case  of  fine  vessels  of  large  dimensions  to 
tonnage  the  increase  of  material  is  very  important,  amounting  in  several  vessels  we 
have  lately  built  to  about  3  per  cent,  of  tonnage.  As  this  involves  an  increase  of 
cost  from  5s.  to  10s.  per  ton,  it  is  virtually  a  tax  on  fine  forms,  not  only  to  what 
they  cost  in  construction,  but  to  what  they  are  obliged  to  carry  of  unnecessary 
weight.  The  Liverpool  rules  do  not.  acknowledge  the  value  of  thickness  of  outside 
plating  over  £tbs,  stringers  and  keelsons  being  of  the  first  importance.  Lloyd's 
Rules  consider  plating  of  the  first  importance,  and  the  conflicting  interests  with 
owners  who  require  both  necessarily  increase -the  expense  of  construction. 
Screw  steamers  constants  on  the  late  rules  were — 

Class  Gross  Reg. 

12  Years,     l'OOO 


Iron. 
-62     ... 

Finished  Weight 
-72 

-58    ... 

-68 

-54    ... 

-64 

Under  the  New  Rules  j&\  and  ^^  the  constants  are  nearly  the  same  as  9 
and  G  years  fur  minimum  dimensions,  say,  length  =10  depths,  &c,  increasing  by 
easy  per  centages  to  12  and  9  years  constants,  at  extreme  dimensions,  say,  length 
=  20  depths.  This,  it  must  be  understood,  arises  solely  from  extra  material,  as  a 
vessel  of  20  depths  long  is  not  per  rule  heavier  than  a  vessel  of  10  depths  of  the 
same  tonnage. 

I  trust  that  the  foregoing  explanations  and  tables  illustrate,  as  clearly  as  I  would 
desire,  that  the  materia]  used  in  construction,  or  the  weight  of  hull,  is  nearly  con- 
stant ratio  to  >\m.  tonnage,  irrespective  of  dimensions,  form,  or  builder's  measure. 
The  ratio  of  displacement  I  ha,ve  stated,  and  shown  to  be  also  in  relation  to  the  ratio  of 
tonnage;  but  as  the  displacement  ratio  is  not  a  constant  necessarily  of  the  tonnage, 
being  entirely  dependent  on  the  form  immersed,  it  is  quite  possible  that  the  carrying 
abilities  and  other  qualities  of  vessels  of  the  same  dimensions  and  n.m.  tonnage 
may  vary  to  a  very  great  extent.  The  weight  of  the  vessel  I  have  shown  to  be 
invariably  a  constant  of  the  tonnage,  and  as  this  weight  has  in  every  case  to  be 
deducted  from  the  total  displacement,  the  remainder  only  is  cargo  power.  It  follows 
that  form  and  the  balance  of  ratios  must,  therefore,  always  enter  into  the  cal- 
culation, for  economy  and  utility,  ability,  stability,  &c,  for  sailing  vessels,  and 
also  for  power  and  speed  in  steam  vessels.  All  those  elements  are  in  every  case 
practicable,  aod  may  be  made  constants  on  any  tonnage  n.m.,  the  dimensions  and 
ratios  being  merely  modes  of  varying  the  solid  of  capacity  or  tonnage  for  the  pur- 
poses of  any  particular  trade.  The  question  of  tonnage,  therefore,  resolves  itself 
into  the  best  dimensions  and  form  j'or  each  particular  trade.  "  Builder's  measure  " 
considers  length  and  breadth  the  only  necessary  elements  in  the  calculation.  Experi- 
ence in  the  matter  of  material  and  wages  proves  that  builder's  measure  is  a  false 
guide.  Register  tonnage  is  never  at  fault  in  quantities,  and  an  ordinary  attention 
to  adjustment  of  ratios  may  make  all  the  elements  which  enter  into  the  builder's 
and  the  owner's  calculations  fit  into  each  other  as  constants  to  produce  the  best 
vessel  for  both. 

There  are  certain  general  questions  belongiDg  chiefly  to  proportions,  ~on  which 
opinions  differ,  e.m.  tonnage  being  based  on  length  and  breadth,  vessels  con- 
tracted for  by  b.m.  are  generally  narrow  in  proportion  to  their  depth.  Experienca 
distinctly  says  that  a  narrow  ship,  requiring  ballast,  is  at  all  times  an  unsafe  and 
unprofitable  vessel.  For  a  steady  dead-weight  trade  both  ways,  sure  cargoes  and 
quick  despatch,  narrow  ships  may  suit,  but  these  are  exceptional  trades,  which  only 
verify  the  rule  ;  for  we  find  invariably  that  ships  of  good  beam  in  proportion  to 
depth,  which  require  little  or  no  ballast,  are  preferred.  Owners'  interests  certainly 
lie  in  ships  which  can  carry  nothing  but  cargo ;  that  can  wait,  or  shift  with  a  clean 
hold  if  necessary,  while  the  narrow  tender  ship  must  frequently  disburse  a  large 
portion  of  her  earnings  in  ballast  and  charges  incidental  thereto.  The  fact  that 
Lloyd's  Register  shows  the  interests  so  nearly  balanced  thai  .half  the  ships  are  less 
and  half  more  register  than  b.m.,  even  while  the  cost  is  nearly  uniformly  rated  by 


the  latter,  proves  the  owner's  interest  to  lie  in  ships  of  which  the  profit  is  consequent 
upon  a  superior  economical  form,  apart  from  the  consideration  of  first  cost.  Deep 
ships — or  more  properly  speaking,  narrow  ships — are  said  to  be  easier  on  themselves 
than  broad  ships.  This  I  believe  to  be  simply  a  question  of  loading.  No  nation 
has  such  narrow  square  ships  in  proportion  to  depth  as  ours.  No  nation  better 
understood  the  seience  of  ship-sailing  than  the  Americans,  and  their  vessels  were 
uniformly  much  broader  than  ours;  their  laws  favoured  that  proportion,  and  they 
studied  to  work  it,  and  so  successfully  that  for  a  long  time  their  shipping  was  the 
fastest  and  most  economically  worked  marine  in  the  world,  while  ours  was  the 
slowest.  We  have  to  a  certain  extent  improved  on  them  since  the  introduction  of 
our  new  and  better  mode  of  measurement.  But  the  question  of  the  easiest  ship  is 
simply  a  question  of  a  little  better  experience  of  broad  ships  of  large  tonnage.  All 
our  small  vessels  are  of  great  beam  in  proportion  to  depth,  fur  the  purely  economical 
reason  that  they  are  safer  and  cheaper  not  to  carry  ballast.  Yet  dead-weight  is 
the  principal  item  in  our  coasting  trade.  Our  most  distant  commerce  is  essentially 
light  freight,  full  cargoes  out  and  home,  and  vessels  which  can  carry  the  largest 
cargoes  of  bulk  or  bale  goods  out  and  home  without  ballast  will  certainly  be  easier 
in  the  long  run  on  both  themselves  and  their  owners,  if  properly  loaded  and  properly 
sailed.  Our  shipping  was  spoiled  by  our  former  modes  of  measurement,  and  now 
since  the  measurement  has  been  rectified,  it  is  to  a  great  extent  spuiled  by  our 
adherence  to  the  oldest  standard.  Owners  and  builders  accustomed  to  look  upon 
breadth  as  the  base  for  all  measurement  of  shipping,  and  paying — perhaps  nominally 
— only  by  that  standard,  have  looked,  not  unnaturally,  on  all  depth  which  is  nut 
the  greatest  usual,  or  safe  in  proportion  to  breadth,  as  so  much  depth  and  cargo 
lost  or  thrown  away.  The  standard  which  the  new  mode  of  measurement  renders 
practicable  and  most  advantageous  is  depth.  This  is  the  only  true  and  suitable 
base  for  proportioning  ships.  The  breadth  should  be  entirely  subordinate  to  the 
requirements  of  the  intended  trade.  The  register  tonnage  defines  the  form  in 
relation  to  the  depth,  and  the  form  defines  tlie  tonnage  in  ratio  to  the  dimensions  for 
any  purpose — the  weight  of  vessel  being  uniform ;  and  the  displacement  and  weight 
of  cargo  are  easily  made  uniform  constants  of  the  tonnage  and  its  ratio.  Depth  is 
already  the  standard  for  draft  of  water,  though  the  exact  proportion  which  the 
draft  should  bear  to  the  depth  is  not  so  clearly  defined.  As  the  draft  is  not  subject 
to  legislation  except  by  the  Association  of  Underwriters,  and  even  they  are  not  all 
agreed,  vessels  are  more  frequently  loaded  at  discretion  than  by  rule ;  hence  the  only 
correct  comparison  is  by  the  displacement  scale.  But,  given  depth  of  hold  and  the 
tonnage  under  main  deck  as  the  standard  for  comparison,  with  the  side  above  water 
at  the  deepest  draft  allowed  by  the  Underwriters',  equal  to  2^  inches  to  the  foot 
of  hold ;  or,  more  simply,  its  exact  equivalent,  r^ths  of  the  depth  of  hold  from 
bottom  of  keel — all  well-formed  iron  vessels  of  the  highest  class  should  carry  once 
and  a  half  their  tonnage  of  dead-weight  cargo.  As  a  matter  of  course,  the  greater 
the  amount  of  tonnage  above  the  main  deck  the  less  the  cargo,  as  poops  and  houses 
add  weight  and  tonnage  without  giving  equivalent  draft  of  water.  The  ratio  of 
displacement  at  that  draft,  ex  keel,  to  the  ratio  of  tonnage,  should  not  have  a 
greater  difference  than  4  per  cent.,  with  a  good  form  :  thus  a  vessel  with  a  tonnage 
ratio  of  '64  will  have  a  displacement  ratio  of  -60,  and  the  proportion  may  be  con- 
stantly relied  on,  if  carefully  designed,  as  safely  as  the  constant  of  weight.  Hence 
the  diiference  of  ratios  of  tonnage  and  displacement  may  with  equal  propriety 
be  called  the  constant  of  displacement.  The  advantage  of  those  constants  in  the 
case  of  steam  vessels  requiring  a  fixed  draft  with  a  stated  cargo  cannot  be  over- 
estimated, as  by  comparison  of  ratios  and  constants  the  smallest  vessel  which  can 
carry  a  stated  cargo  at  a  fixed  draft,  horse-power,  and  speed,  can  be  determined 
from  the  n.  m.  tonnage  with  almost  mathematical  precision  and  no  trouble,  while 
the  abilities  of  Sir  Isaac  Newton  would  be  nonplussed  to  determine  any  one  of 
those  elements  from  the  builder's  measure. 


ROYAL   GEOLOGICAL   SOCIETY   OF   IRELAND. 

The  Society  met  on  Wednesday,  the  10th  May,  at  the  Museum  Building,  Trinity 
College — Gilbert  Saunders,  Esq.,  in  tne  chair.  Mr.  Jukes  read  his  paper — "Notes 
for  a  Comparison  between  the  Rocks  of  the  South-west  of  Ireland,  those  of  North 
Devon,  and  of  Rhenish  Prussia,  in  the  neighbourhood  of  Coblentz" — of  which  the 
following  is  an  abstract: — 

"Mr.  Jukes  first  gave  a  sketch  of  the  structure  of  the  south-west  of  Ireland,  with 
especial  reference  to  the  determination  of  the  age  of  the  carboniferous  slate.  He 
pointed  out  that  the  old  red  sandstone  which  in  Wexford  and  Waterford  is  precisely 
like  that  of  the  opposite  counties  of  South  Wales,  thickens  towards  the  westward, 
till  in  Cork  and  Kerry  it  attains  a  thickness  of  many  thousand  feet.  It  is  also 
affected  by  slaty  cleavage  to  such  an  extent  as  to  become  a  clay-slate  formation. 
Notwithstanding  these  petrologicai  changes  it  is  seen  to  be  the  same  old  red  sand- 
stone, by  its  physical  continuity  from  one  district  to  the  other.  One  persistent  ridge 
of  it  extends  from  Dursey  Island  and  Berehaven  to  Dungarvan  Bay,  and  the  upper- 
most beds  of  that,  after  being  concealed  for  a  mile  or  two  under  the  carboniferous 
limestone  of  Fermoy  and  Lismore,  rise  again  to  the  northward,  and  the  whole 
formation  reappears  in  the  Commeragh  mountains,  and  may  then  be  followed  to 
the  east,  past  the  city  of  Waterford  itself.  This  old  red  sandstone  is  thrown  into 
numerous  large  anticlinal  and  synclinal  folds,  about  axes  which  at  first  run  east 
and  west,  but,  as  they  are  followed  westwards,  gradually  curve  to  the  west-south- 
west. Through  the  counties  of  Wexford,  Waterford,  Kilkenny,  Tipperary,  and 
Limerick,  and  in  the  northern  parts  of  Cork  and  Kerry,  this  old  red  sandstone  is 
covered  by  the  carboniferous  limestone,  with  some  beds  of  black  shale  intervening 
between  the  two,  for  which  the  most  convenient  name  is  the  'lower  limestone  shale.' 
This  may  be  said  to  vary  from  20  to  200  or  300  feet  in  thickness.  It  has  some- 
times beds  of  flaggy  limestone  in  its  upper  part,  and  beds  of  yellow  sandstone 
sometimes  in  its  lower  part,  thus  showing  an  occasional  tendency  to  graduate 
upwards  into  the  carboniferous  limestone,  and  downwards  into  the  old  red  sand- 
stone. As  it  is  traced  towards  the  S.W.,  it  also  shows  a  tendency  to  become  thicker, 
and  is  traversed  by  a  very  decided  slaty-cleavage  so  that  its  shales  become  slates. 
It  may  be  remarked,  en  passa7it,  that  in  the  county  of  Cork  the  carboniferous  lime- 
stone even  is  often  so  much  affected  by  slaty-cleavage  as  to  lose  its  character  as  a 
good  building  stone  or  marble,  and  that  throughout  Cork  and  Kerry  the  coal  measures 
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are  as  much  a  clay-slate  formation  as  they  are  in  Devon  and  Cornwall.  In  the 
neighbourhood  of  the  city  of  Cork  and  the  village  of  Carrigaline  we  still  have  the 
carboniferous  limestone  lying  in  the  synclinals  of  the  old  red  sandstone,  but 
separated  from  it  by  dark-grey  slates  and  grits,  which  at  Cork  are  at  least  a 
thousand  feet  thick,  and  near  Carrigaline  must  be  two  or  three  thousand  feet  in 
thickness.  Farther  south,  towards  Kinsale,  they  are  certainly  five  or  six  thousand 
feet  thick,  and  they  retain  the  same  characters  and  thickness  in  all  the  country  to 
the  westward,  as  t'ar  as  the  headlands  of  Bantry  Bay.  Throughout  that  south-west 
portion  of  Cork  there  is  no  carboniferous  limestone  at  all,  nor  anything  above  these 
slates  and  grits,  unless  certain  upper  patches  of  black  slate  do  in  reality  belong 
to  the  coal  measures.  For  this  great  mass  of  black  slates  and  grey  grits  Sir  R. 
Griffith's  name  of 'carboniferous  slate1  is  most  appropriate,  Mr.  Jukes  proposing 
the  name  of  ;  Coombola  Grits'  for  the  grit  beds  which  form  occasionally  masses  of 
two  or  three  thousand  feet  in  the  lower  part  of  the  carboniferous  slate,  though  in 
others  they  form  mere  local  beds  of  sandstone,  occurring  either  singly  or  in  groups 
of  twenty  or  thirty  feet.  Mr.  Jukes  then  referred  to  the  published  '  Explanations'  of 
the  maps  of  the  Geological  Survey,  especially  those  of  Cork  Harbour  (sheet  187,  &c), 
and  Bantry  Bay  (sheet  192),  in  which  the  geology  had  been  described  by  himself, 
and  the  fossils  by  Mr.  Baily,  in  proof  of  the  supposition  that  this  carboniferous  slate, 
including  the  Coomhohi  grits,  was  contemporaneous  with  the  carboniferous  lime- 
stone, resting,  like  it,  on  the  old  red  sandstone  below,  and  covered,  like  it,  by  the 
coal  measures  above.  He  believed  that  they  were  formed  in  different  parts  of  the 
same  sea,  mud  and  sand  being  deposited  in  one  part,  while  limestone  was  being 
produced  in  another  part  from  the  growth  of  marine  animals,  especially  forests  of 
encrinites.  Taking  this  proposition  as  established  by  the  work  of  the  Geological 
Survey  in  the  south-west  of  Ireland,  he  would  use  it  to  solve  the  difficult  problem 
of  the  classification  of  the  Devonian  rocks  of  Great  Britain  and  Europe.  He  had 
not  been  able  himself  to  do  much  towards  this  solution,  but  offered  some  notes  on 
the  geology  of  North  Devon  and  the  neighbourhood  of  Coblentz  in  hopes  that  it 
might  induce  others  who  had  their  time  at  their  own  disposal  to  follow  up  the 
investigation.  In  a  visit  to  the  neighbourhood  of  Barnstaple  in  the  autumn  of 
1861,  Mr.  Jukes  fnund  that  both  rock  and  fossils  were  indentical  with  those  of 
the  south-west  of  Ireland.  The  upper  beds  of  the  old  red  sandstone  make  their 
appearance  at  the  south  corner  of  Morte  Bay,  and  were  traced  thence  to  the  east- 
ward for  about  twenty  miles  to  the  borders  of  Exmoor.  These  beds  dip  south 
under  the  carboniferous  slates.  The  Coomhola  grits  are  well  shown  in  Baggy 
Point,  dipping  southwards  under  the  glossy  black  slates  of  Croyde  Bay.  These 
beds  were  also  traced  to  the  eastward  ;  the  Coomhola  grits  past  Darracot,  Kittywell, 
and  Marwood  ;  the  black  glossy  slates  through  Braunton,  Pilton,  Barnstaple,  and 
Goodleigh,  to  High  Bray  and  North  Molton.  The  perfect  lithological  identity 
of  the  rocks,  through  all  their  numerous  minor  peculiarities,  was  really  wonderful, 
and  the  lists  of  fossils  would  be  found  equally  alike.  In  proof  Mr.  Jukes  appealed 
to  the  trays  of  specimens  on  the  table.  With  some  minor  flexures  the  general  dip 
of  the  carboniferous  slate  of  North  Devon  is  towards  the  south,  in  which  direction 
it  passes  under  a  vast  series  of  coal  measures  equally  identical  in  lithological  and 
pal  aeon  tological  characters  with  the  coal  measures  of  Cork,  Kerry,  Limerick,  and 
Clare,  which  rest  upon  thick  carboniferous  limestone.  In  Devon  small  deposits  of 
limestone  occur  here  and  there  about  the  junction  of  the  two  groups,  some  of  these 
being  referred  to  the  coal  measures,  and  others  to  the  so-called  Devonian  beds, 
which,  according  to  Mr.  Jukes,  are  carboniferous  slate.  With  respect  to  the 
neighbourhood  of  Coblentz,  Mr.  Jukes  was  also  struck  with  the  remarkable  identity 
in  the  minute  lithological  characters  of  the  mass  of  the  rocks  with  those  of  the 
carboniferous  slate  of  Cork,  while  on  the  margin  of  the  high  land  of  the  Kuhkopf 
he  found  some  quarries  in  red  and  yellow  sandstone  precisely  like  the  upper  old  red 
sandstone  of  Ireland.  These  beds  certainly  rose  from  beneath  the  grey  slates  and 
grits,  while  high  up  above  them  were  beds  containing  Posidonomya,  and  thin 
seams  of  coaly  matter  ('coal-rods')  that  might  represent  the  base  of  the  Irish  coal 
measures.  It  seemed  to  him,  therefore,  as  probable  that  future  research  would 
enable  ns  to  classify  the  rocks,  both  of  Devon  and  the  Rhenish  provinces,  by  refer- 
ence to  those  of  the  south  of  Ireland,  and  that  British  and  Continental  geologists 
must  look  on  Ireland  for  the  key  that  was  to  open  to  them  the  hitherto  closed 
mystery  of  the  exact  chronological  classification  of  the  beds  which  intervene 
between  the  Upper  Silurian  rocks  and  the  coal  measures." 

Professor  Haughton  expressed  his  entire  concordance  with  that  part  of  Mr. 
Jnke's  paper  which  did  away  with  the  Devonian  system  as  a  separate  formation, 
and  showed  that  the  three  subdivisions  of  the  strata  in  the  south  of  Ireland — viz., 
the  carboniferous  limestone,  carboniferous  slate,  and  the  Coomhola  grits,  are  con- 
temporaneous with  each  other.  The  view  that  the  rocks  in  the  south  of  Ireland 
were  not  Devonian,  and  therefore  different  from  those  found  in  other  parts  of  the 
island,  was  that  which  had  been  maintained  for  many  years  by  Irish  geologists,  and  he 
was  glad  to  see  that  Mr.  Jukes  was  now  a  convert  to  their  opinions.  Formerly, 
when  this  question  had  been  under  discussion  at  the  meetings  of  this  society,  Irish 
geologists  had  been  told  to  wait  for  the  decision  of  palaeontologists  as  to  the  nature  of 
the  fossils  found  in  Cork  That  opinion  had  been  given,  and  it  was  to  the  effect 
that  the  views  which  had  been  so  long  maintained  in  Ireland  were  correct.  He 
had  himself  examined  the  rocks  of  Devonshire  and  of  Rhenish  Prussia,  and  had 
been  quite  unable  to  make  out  Professor  Sedgwick's  Devonian  system  there  at  all ; 
but  still  he  did  not  mean  to  say  that  Professor  Sedgwick's  system  had  no  existence.  It 
was  well  known  to  every  one  who  had  ever  paid  any  attention  to  the  science,  that 
Professor  Sedgwick  was  one  of  the  most  painstaking  of  fieldworkers ;  but  still  his 
views  might  not  bear  so  extended  an  application  as  he  had  given  to  them.  He 
would  wish,  in  conclusion,  to  ask  Mr.  Jukes  if  he  now  formally  gave  up  the  name 
Devonian  as  a  term  for  a  separate  formation. 

Mr.  W.  H.  Baily  stated  that  he  quite  agreed  with  Mr.  Jukes  as  to  the  general 
identity  of  the  species  of  fossils  from  the  carboniferous  slate  with  those  of  the  car- 
boniferous limestone,  and  to  the  great  similarity  between  the  carboniferous  shite 
fossils  of  the  south  of  Ireland  with  those  of  North  Devon,  a  resemblance  which  had 
been  noticed  by  Mr.  Godwin-Austen  as  long  ago  as  1840,  in  his  paper  in  the 
Geological  Society's  Transactions,  on  the  ''  Geology  of  the  South-east  of  Devon- 
shire." Mr.  Baily  remarked  that  he  would  exclude  from  this  resemblance  to  the 
carboniferous  fossils  the  limestones  of  Plymouth,  Newton  Bushell,  &c,  of  which 


as  yet  no  representatives  had  been  discovered  in  Ireland,  although,  on  the  Continent, 
similar  fossils  were  described  from  Nassau,  in  the  fine  works  of  the  Drs.  Sandherger. 
He  observed  that  these  limestones  of  South  Devon  contained  a  set  of  fossils  in 
beautiful  preservation,  amongst  which  were  genera,  and  species  peculiar  to  them, 
such  as  Calceola,  Stringocephalus,  Bronteus,  &c.,  the  corals,  shells,  and  Crustacea 
resembling  more  a  silurian  than  carboniferous  type,  forming  such  an  assemblage  as 
would,  he  thought,  entitle  them  to  be  considered  as  passage  or  transition  beds  from 
the  silurian  to  the  carboniferous,  and  for  which  the  term  Devonian  might  he  con- 
veniently retained,  independently  of  the  old  red  sandstone,  which  contained  an 
entirely  different  set  of  fossils,  principally  fish  remains,  a  representative  of  which 
occurs,  in  Ireland,  at  Kilorcan  in  the  county  of  Kilkenny,  and  probably  some 
localities  in  the  county  of  Cork. 

Sir.  Jukes,  in  reply,  stated  that  the  Coomhola  grits  had  been  always  considered 
as  a  part  of  the  carboniferous  slate,  and  not  as  a  special  series,  though  at  Bantry 
Bay  they  attain  a  thickness  of  2000  or  3000  feet.  There  are  at  the  same  time 
in  them  certain  characteristic  fossil  forms,  such  as  curtonolus  and  cuculkea.  He 
did  not  think  that  this  paper  could  fairly  be  called  a  recantation  of  former  opinions, 
as  he  did  not  think  he  had  ever  expressed  views  materially  different  from  what  he 
brought  forward  now.  At  all  eveuts,  he  was  always  ready  to  give  up  an  opinion  if 
it  was  clearly  shown  to  be  wrong.  As  to  the  section  which  he  exhibited,  he  did  not 
know  that  any  Irish  geologist  had  ever  put  forward  the  view  advocated  in  it,  viz., 
that  two  of  the  three  subdivisions  represented  on  it  were  contemporaneous  and 
graduated  one  into  the  other.  Sir  R.  Griffith  makes  the  carboniferous  limestone 
above  the  slate,  not  contemporaneous  with  it.  In  answer  to  Professor  Haughton's 
question,  he  would  say  that  he  did  not  wish  to  jump  to  the  conclusion  that  there 
is  no  Devonian  formation  at  all.  No  one  was  more  ready  than  he  (Mr.  Jukes)  to 
throw  off  authority  when  it  was  not  supported  by  evidence  derived  from  hard  work; 
and  in  the  case  of  his  own  old  teacher  in  the  science  (Professor  Sedgwick),  and  his 
present  chief  (Sir  R.  Murchison),  there  were  few  men  living  who  had  gone  through 
more  hard  work,  hammer  in  hand,  in  the  various  districts  which  they  had  explored. 

Mr.  Scott,  on  behalf  of  Dr.  Carte,  exhibited  a  specimen  of  an  antler  of  a 
megaceros,  which  showed  the  impression  of  a  canon  bone  on  the  palm,  and  also  two 
lower  jaws  of  the  same  animal,  which  had  rubbed  each  other.  These  specimens 
came  from  the  county  Limerick,  near  the  locality  whence  the  indented  bones 
recently  exhibited  by  him  had  been  procured. 


INSTITUTION  OF  CIVIL  ENGINEERS. 
March  7,  1865. 

The  paper  read  was  "An  account  of  the  Drainage  of  Paris,"  by  Mr.  H.  B. 
Hederstedt,  Assoc.  Inst.  C.E. 

Before  describing  the  modern  system,  allusion  was  made  to  the  manner  in  which 
the  drainage  of  the  city  was  effected  up  to  the  year  1S08,  when  the  subject  first 
received  thorough  investigation,  and  after  which  numerous  works  were  undertaken, 
so  that  by  the  commencement  of  1832,  there  was  a  total  length  of  drains  of  different 
kinds  of  40,302  metres.  The  year  1832  marked  an  important  epoch  ;  for  then  the 
dreadful  ravages  of  the  cholera  showed  the  absolute  necessity  for  cleansing  and 
draining  the  streets  upon  a  better  system  than  had  previously  prevailed.  An 
accurate  survey  of  the  city,  both  above  and  below  ground,  having  been  made,  levels 
were  taken,  and  the  principal  features  of  each  existing  drain,  or  series,  were  recorded 
in  a  tabular  form. 

As  Paris  was  situated  wholly  in  the  valley  of  the  Seine,  it  was  assumed  that  the 
drains  should  empty  themselves  into  that  river  as  far  as  possible,  following  the 
undulations  of  the  streets  in  a  more  or  less  direct  course.  On  the  left,  or  southern, 
bank,  where  the  city  occupied  an  even  and  almost  unbroken  slope,  the  drains 
discharged  directly  into  the  river,  independent  of  each  other,  and  without  considera- 
tion of  their  ultimate  connection,  by  a  transverse  sewer  parallel  with  the  river,  as 
in  the  system  now  in  use.  The  islands  of  St.  Louis  and  Notre  Dame  dipped  on 
each  side  of  a  longitudinal  ridge  coinciding  with  the  centre  line  of  the  river,  and 
their  surface  water  at  once  entered  the  river,  by  drains  on  each  slope.  On  the 
right,  or  northern  bank,  there  was  one  slope  bordering  on  the  river,  down  which 
the  drainage  passed  into  the  Seine,  and  beyond  this  there  was  a  dip  in  a  northerly 
direction,  towards  the  brook  of  Menilmontant,  or  the  track  of  the  "great  drain,"  as 
it  was  called,  which  received  the  drainage  of  all  the  streets  on  this  northern  slope, 
and  which  finally  fell  into  the  river  at  Chaillot,  some  distance  off  on  the  west.  The 
ridge  of  this  slope  was  within  the  present  fortifications,  and  from  it  descended 
another  slope  in  a  southern  direction  now  lying  beyond  the  fortifications,  but  the 
drainage  of  which  could,  if  deemed  desirable,  be  placed  in  connection  with  the  river 
on  the  north  of  and  beyond  Paris.  There  were  thus  five  principal  divisions,  the 
left  bank,  the  isles  of  St.  Louis  and  Notre  Dame,  the  right  bank  southernmost 
slope,  the  right  bank  northern  slope,  and  the  extramural  slope. 

The  Seine  was  subject  to  heavy  floods,  but  these  were  fortunately  rare,  as  during 
the  past  two  hundred  and  sixteen  years,  there  were  only  nine  on  record.  In  1658 
the  surface  of  the  river  rose  28^  feet  above  its  ordinary  level.  In  1802,  when  the 
last  flood  occurred,  the  river  only  rose  Gh  feet  above  the  level  of  the  discharging 
mouth  of  the  modern  drain  at  Asnieres.  These  floods  were  all  more  or  less  disas- 
trous, sometimes  lasting  fourteen  days,  and  submerging  large  areas  of  the  city.  To 
check  their  recurrence  the  low  portions  of  the  streets  along  the  banks  of  the  river 
were  raised  and  walled  in,  to  a  point  above  the  influence  of  floods  so  severe  as  that 
of  1658.  There  were,  however,  some  parts  of  the  city  still  exposed  to  floods,  but 
their  effects  would  be  less  disastrous,  from  the  efficiency  of  the  new  drains,  which 
carried  off  flood  water  almost  as  soon  as  the  river  level  itself  could  subside,  instead 
of  leaving  it  to  be  absorbed  or  evaporated. 

The  progress  of  the  drainage  works  might  be  gathered  from  this,  that  from  the 
year  1832  to  January,  1837,  the  length  of  drains  was  increased  from  40,302  to 
7G,565  metres,  while  the  new  works  in  preparation  and  projected  amounted  to  an 
additional  20,000  metres. 

The  position,  cost,  and  object  of  the  several  drains,  with  the  difficulties  encoun- 
tered in  their  construction,  were  then  noticed.  During  1833  thirty-three  works 
were  completed,  of  a  total  length  of  15,008  metre--,  at  a  cost  of  about  £o  13&  per 
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metre.  These  included  the  first  drain  executed  by  tunnelling,  the  side  walls  of 
which  were  built  in  masonry  and  the  arch  in  brickwork,  at  a  cost  of  £S  per  metre. 
In  1834  there  were  twenty-eight  works,  having  a  length  of  6810  metres,  and  costing 
i'3  17s.  6d.  per  metre.  In  1835  twenty- two  works  were  completed,  being  of  the 
length  of  8713  metres,  at  a  cost  of  £3  13s.  9d.  per  metre.  In  1836  new  drains 
were  built  in  several  places,  and  a  sewer  was  constructed  in  a  quicksand,  the  rate 
of  progress  of  which  was  eight  metres  per  day. 

"With  regard  to  the  sections  of  the  drains,  those  of  the  old  and  of  the  new  systems 
differed  in  two  respects;  the  area  of  the  latter  was  much  larger,  though  not  more 
effective,  and  footpaths  and  rails  for  carrying  waggons  were  provided.  In  the 
former  it  was  arranged  that,  as  far  as  possible,  all  the  drains  should  have  a  clear 
height  of  sis  feet,  in  order  to  insure  their  being  properly  cleansed.  When  this 
height  could  not  be  given,  shafts  were  frequently  added,  to  allow  the  workmen 
occasionally  to  stand  upright.  The  minimum  inclination  of  the  drains  was  1  in 
1000;  some  were  much  steeper,  and  in  these  steps  had  been  introduced  in  the 
inverts,  principally  at  the  points  of  junction  with  other  drains.  Up  to  the  end  of 
1863  there  were  in  operation  217  miles  of  drains,  or  more  than  four  times  the 
length  in  use  in  1837. 

As  to  the  cleansing  of  the  drains,  before  the  introduction  of  the  mechanical 
contrivances  now  in  use,  it  was  found  necessary  to  employ  hand  labour,  assisted  by 
flushing,  in  many  of  the  drains  having  an  inclination  of  1  in  1000,  as  that  slope 
was  found  to  be  insufficient  to  carry  off  in  suspension  the  solid  materials  of  the 
drainage.  In  the  smaller  drains,  rakes  or  scrapers  of  wood,  cut  to  the  contour  of 
the  invert,  were  worked  backwards  and  forwards,  until  the  mud  was  drawn  to  a 
shaft,  through  which  it  was  lifted.  In  the  larger  ones  the  brush  and  rake  were 
still  made  use  of,  aided  by  flushing.  From  both  banks,  and  from  the  central 
islands,  all  the  outlets  poured  direct  into  the  river,  and  at  the  end  of  1837  there 
were  probably  forty  important  outlets.  Now,  with  three  exceptions,  all  the  dis- 
charging mouths  had  been  abandoned,  and  longitudinal  drains,  parallel  with  the 
river,  had  been  substituted.  These  finally  discharged  into  the  Seine  at  two  places, 
one  within  and  the  other  beyond  the  limits  of  the  city. 

A  description  was  then  given,  showing  the  manner  in  which  both  the  household 
and  the  rain-water  was  disposed  of.  Night  soil,  it  was  remarked,  had  no  connection 
whatever  with  the  drains,  except  in  one  case.  Most  of  the  houses  in  Paris  were 
built  in  blocks,  with  a  central  court-yard  common  to  all,  in  which  there  was  usually 
a  cesspool  for  receiving  the  soil,  whence  it  was  removed  at  intervals.  A  new  plan 
was  now  under  trial  in  a  few  places,  chiefly  at  barracks.  This  consisted  in  leading 
the  night  soil  into  cylinders  perforated  with  fine  holes,  which  allowed  the  liquid 
portion  to  rise  in  an  outer  cylinder,  while  retaining  the  solid  matter  within.  The 
liquid  portion  was  drawn  off* daily,  and  the  internal  cylinder  was  emptied  as  required. 
In  all  cases  the  night  soil  was  carted  away  from  the  city,  and  was  deposited  in 
appointed  places.  A  large  quantity  was  converted  into  manure,  at  deodorizing 
works;,  but  only  what  found  a  ready  sale  was  thus  operated  upon,  so  that  much 
still  went  to  waste. 

The  method  of  cleansing  and  the  appliances  to  effect  it  were  next  noticed. 
Several  of  the  main  drains  were  composed  of  two  principal  parts,  of  which  the 
lower,  or  water-way  proper,  formed  but  a  small  proportion  of  the  entire  sectional 
area.  Those  drains  which  had  no  separate  waterway  were  cleansed  by  hand.  The 
waterway,  when  forming  a  distinct  part  of  the  work,  was  of  three  standard  sizes, 
all  cleansed  on  one  principle,  but  by  appliances  differing  in  detail.  One  was  by  a 
cleansing  boat  furnished  with  a  scraper  at  the  bow,  which  nearly  filled  the  section, 
and  was  capable  of  motion  in  a  vertical  arc.  This  scraper  formed  a  dam,  and  the 
water  rising  behind  it  afforded  a  motive  power,  which  pushed  the  boat  forward, 
carrying  the  mud  with  it.  This  scraper  of  course  required  constant  adjustment; 
and  instead  of  being  a  solid  disc,  it  was  provided  with  three  openings,  the  central 
one  of  which  was  always  open,  while  the  others  were  fitted  with  sliding  shutters. 
A  simple  arrangement  at  the  stern  of  the  boat  kept  it  true  to  the  axis  of  the 
channel.  Under  the  most  favourable  circumstances  it  seldom  happened  that  a 
length  of  more  than  800  metres  could  be  thoroughly  cleansed  in  one  day,  owing  to 
the  necessity  for  going  over  some  places  several  times.  Some  of  the  drains  were 
cleansed  by  means  of  a  small  truck,  used  with  apparatus  like  that  of  the  boats. 

In  order  to  provide  for  the  safety  of  the  workmen,  in  the  event  of  their  being 
overtaken  by  a  sudden  rise  of  water  above  its  normal  level,  safety  chambers  had 
been  built  in  the  roofs,  which  were  reached  by  openings  in  the  side  walls  of  the 
drains.  In  June,  1855,  the  water  rose  in  the  outfall  drain  on  the  right  bank  of 
the  Seine  to  a  height  of  4  feet  11  inches  above  the  level  of  the  side  footpaths,  and 
in  that  on  the  left  bank  the  water  rose  to  7  feet  above  the  same  level.  Since  then, 
many  overflow  weirs  had  been  built  along  these  main  outfall  drains,  so  as  to  carry 
off  the  surplus  water  after  it  had  risen  above  the  footpaths. 

One  leading  feature  of  these  works  was  the  absence  of  small  pipes,  so  constantly 
used  in  England ;  the  smallest  section  ever  built,  under  either  the  old  or  the  modern 
system,  being  5  feet  6  inches  in  height,  by  2  feet  3  inches  in  width  at  the  springing 
of  the  roof.  As  only  a  small  portion  of  the  total  area  was  occupied  by  the  water- 
way proper,  the  modern  plan  appeared  to  be  very  extravagant.  In  one  case,  the 
hirge  space  sacrificed  for  two  water  mains  was  instanced.  Another  source  of  heavy 
outlay  arose  from  this  circumstance  :  It  might  have  been  supposed,  that  one  drain 
of  the  prevailing  large  sizes  would  fully  satisfy  the  requirements  of  one  street. 
This,  however,  was  not  so.  A  recent  Act  compelled  all  householders  to  build,  at 
their  own  cost,  private  branches  in  communication  with  the  street  drains;  and, 
apparently  with  a  view  of  reducing  the  pressure  of  this  Act,  it  had  been  established 
that  in  all  new  streets  having  a  width  of  72  feet,  the  City  Commissioners  should 
build  a  drain  on  each  side  of  the  street,  so  as  to  shorten  the  length  of  transverse 
drainage.  These  drains  would  be  under  the  pavements,  and  the  effect  of  this  Act 
upon  tlic  householders  would  then  be  scarcely  felt.  During  the  early  part  of  1864, 
when  the  author  was  in  Paris,  he  noticed  the  rapid  progress  of  new  works  in  several 
parts  of  the  city;  but  in  these  no  provision  appeared  to  be  made  for  the  branch 
drains,  which  it  might  naturally  be  supposed  would  be  proceeded  with  simul- 
taneously with  the  main  drains,  to  avoid  the  expense  and  inconvenience  of  opening 
the  ground  a  second  time. 

The  velocity  of  the  current  in  the  Seine  was  not  sufficient  to  carry  off  the  heavy 
matter  discharged  from  the  drains;  consequently  mud  accumulated  in  the  river- 


bed, which  was  cleared  by  dredging,  at  an  annual  cost  of  £3200,  being  at  the  rate 
of  tenpence  to  one  shilling  per  cubic  metre.  The  maintenance  of  the  system  was 
most  expensive,  involving  an  outlay  during  a  recent  year  of  about  £30,000.  With 
respect  to  the  drains  at  work,  the  author  stated,  as  the  result  of  several  personal 
inspections,  that  there  was  a  complete  absence  of  unpleasant  smell. 

The  materials  used  in  the  construction  of  the  works  of  the  old  system  were,  a 
rough  random  rubble  plastered,  a  superior  kind  coursed,  and  ashlar,  chiefly  for  the 
inverts.  Concrete  was  frequently  employed  in  the  foundations,  as  it  was  now ; 
but  the  selection  of  lime  for  the  masonry  was  formerly  not  considered  important. 
At  present,  a  coarse  gritty  sandstone  was  extensively  used,  set  in  random  rubble 
fashion,  the  stone  forming  perhaps  not  more  than  40  per  cent,  of  the  work,  the 
staple  material  being  mortar.  The  sand  for  this  mortar  was  coarse  and  fine 
together,  as  taken  from  the  pit ;  the  result  being  a  concrete  rather  than  a  mortar, 
which  was  employed  in  a  dry  stiff  state.  The  work  nevertheless  was  strong, 
attributable,  it  was  believed,  to  good  hydraulic  lime  being  employed.  Within  the 
last  three  years  a  new  building  material,  concrete,  or  beton  'Coignet,'  had  been 
introduced,  the  use  of  which  had  already  been  found  to  be  satisfactory.  This 
concrete  was  composed  of  sand,  or  ballast,  dredged  from  the  Seine,  mixed  with 
hydraulic  lime  and  Roman  cement.  The  cement  was  required  to  weigh  2800  lbs. 
to  3100  lbs.  per  cubic  metre.  This  concrete  cost  £1  12s.  per  cubic  metre  in 
position  in  the  drains,  but  the  varieties  of  the  mixture  caused  the  price  to  fluctuate 
between  £1  and  £3  5s.  per  metre.  The  mode  of  building  with  this  material  was 
described  in  detail. 

In  conclusion,  the  author  gave  a  schedule  of  the  rates  paid  for  masonry,  and  of 
the  prevailing  prices  of  the  materials  used  in  the  construction  of  the  works;  and 
offered  his  acknowledgments  to  M.  Belgrand,  the  engineer-in-chief,  for  courteously 
placing  at  his  disposal  all  the  records  connected  with  the  works,  as  well  as  for 
allowing  him  permission  to  inspect  them. 


ASSOCIATION  FOR  PREVENTION  OF  STEAM  BOILER  EXPLOSIONS. 

Chief  Engineer's  Monthly  Report — May,  1865. — The  ordinary  monthly 
meeting  of  the  executive  committee  of  this  Association  was  held  at  the  Offices, 
41  Corporation  Street,  Manchester,  on  Tuesday,  May  30th,  1865,  Hugh  Mason, 
Esq.,  of  Ashton-under-Lyne,  vice-president,  in  the  chair,  when  Mr.  L.  E.  Fletcher, 
chief  engineer,  presented  his  report,  of  which  the  following  is  an  abstract :  — 

"  During  the  last  month  191  engines  have  been  examined,  and  388  boilers,  12  of 
the  latter  being  examined  specially,  and  2  of  them  tested  with  hydraulic  pressure. 
Of  the  boiler  examinations,  262  have  been  external,  8  internal,  and  118  thorough 
or  entire.  The  following  defects  and  omissions  have  been  found  in  the  boilers 
examined  : — Furnaces  out  of  shape,  4;  fractures,  10;  blistered  plates,  6;  internal 
corrosion,  4  (1  dangerous);  external  corrosion,  24  (4  dangerous);  internal  grooving, 
8;  external  grooving,  2;  feed  apparatus  out  of  order,  2;  water  gauges  ditto,  14; 
fusible  plugs  ditto,  3 ;  safety  valves  ditto,  2  ;  pressure  gauges  ditto,  18 ;  boilers 
without  safety  valves,  3  ;  without  glass  water  gauges,  2 ;  without  pressure  guages, 
14  ;  without  blow-out  apparatus,  14  ;  without  feed  back-pressure  valves,  44. 

"The  defects  in  the  condition  of  the  boilers  examined  during  the  past  month  do 
not  call  for  any  special  remark,  but  the  construction  of  some  of  the  boilers  lately 
enrolled  in  the  Association  has  been  found  to  be  very  imperfect.  Three  of  them 
have  proved  to  be  as  much  as  a  foot  oval  in  the  furnace  flues,  and  six  inches  in  the 
shell,  the  major  axis  being  horizontal.  This  is  a  very  imperfect  arrangement. 
Both  the  shells  and  internal  flues  of  boilers,  unless  mainly  or  entirely  dependent  on 
stays,  should  be  made  truly  circular,  since  a  slight  departure  from  this  shape  mate- 
rially weakens  them;  and  although  when  oval  they  may  be  able  for  a  time  to  with- 
stand the  pressure,  yet  a  change  of  form  takes  place  in  them  whenever  the  steam 
is  got  up  or  let  down,  winch  has  a  very  weakening  effect,  and  soon  wears  out  the 
plates.  This,  in  locomotive  boilers,  leads  to  internal  grooving  which  is  so  fruitful 
a  cause  of  their  explo^on.  Three  other  boilers,  which  were  of  the  hot  water  cir- 
culating description,  for  the  purpose  of  heating  and  ventilating,  although  of  a  large 
size,  were  not  fitted  with  any  safety-valves;  while  the  inlet  and  outlet  pipes  could 
both  be  closed  at  the  same  time,  so  that  the  pressure  could  be  bottled  up  inside  the 
boiler  while  the  fire  was  in  action.  Under  these  circumstances,  with  anything  like 
a  brisk  fire,  explosion  would  in  a  very  short  space  of  time  be  clearly  inevitable. 

"Explosions. 
"  Six  explosions  have  occurred  during  the  last  month,  by  which  seven  persons 
have  been  killed,  and  thirteen  others  injured.  Not  one  of  the  boilers  in  question 
was  under  the  inspection  of  this  Association.  The  scene  of  one  of  these  explosions 
has  been  personally  visited,  and  the  cause  investigated,  while  particulars  of  most  of 
the  others  have  been  obtained  and  will  be  given  at  the  earliest  opportunity. 

"Tabular  Statement  of  Explosions  from  April  22,  1865,  to 
May  26,   1865,  inclusive. 


Progres- 
sive No. 
for  1865. 


20 
21 


22 
23 


24 
25 


Date. 

April  24. 
May      1. 

May 

7. 

May 

9. 

May 
May 

20. 
26. 

GENERAL    DESCRIPTION   OF  BOILER. 


Plain  Cylindrical — Externally-  fired,.. 

Plain  Cylindrical  Egg-ended — Exter- 
nally fired, 

Plain  Cylindrical  Egg-ended — Exter- 
nally fired, 

Plain  Cylindrical  Egg-ended — Exter- 
nally fired 

Particulars  not  yet  fully  ascertained, 

Locomotive, 

Total, 


Persons  Persons 
Killed.  Injured. 


20 


1  No.  20  explosion,  by  which  one  person  was  killed  and  four  others  injured,  is  an 
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especial  illustration  of  the  importance  of  a  system  of  periodical  inspection,  as  will 
be  seen  from  the  following : — 

"This  explosion  is  the  second  that  occurred  within  one  fortnight  at  the  same 
colliery,  the  boilers  of  which  were  not  under  the  inspection  of  this  Association. 
Particulars  of  the  first  of  these  were  given  in  last  month's  report,  under  the  head  of 
No.  IS  explosion,  while  the  second,  now  under  consideration,  viz.,  No.  20,  occurred 
at  about  halt-past  one  on  the  afternoon  of  Monday,  April  24th. 

"  The  boiler,  which  was  one  of  two  ranged  side  by  side  and  working  together, 
was  externally-fired,  of  plain  cylindrical  construction,  and  set  on  two  side  walls,  so 
that  the  fire  passed  underneath  in  the  first  instance,  and  then  encircled  it,  returning 
first  on  one  side,  and  then  on  the  other.  It  was  about  25  feet  long  and  5  feet 
in  diameter,  the  thickness  of  the  plates  being  ^  of  an  inch,  and  the  pressure  of  the 
steam  from  50  lbs.  to  GO  lbs. 

'•  The  shell  rent  longitudinally  from  one  end  to  the  other  below  water  mark,  and 
near  to  the  bottom  of  the  boiler,  somewhat  to  the  left  hand  side  of  the  centre  line, 
and  was  thrown  to  a  distance  of  about  50  yards  from  its  original  seating,  and  the 
feed-valve  box  upwards  of  200,  while  the  sister  boiler  was  also  dislodged  from  its 
place.  The  fireman,  who  happened  to  be  on  the  boiler  at  the  time,  was  blown  to 
a  distance  of  about  100  yards,  while  the  key  of  the  feed-valve,  which  appears  to 
have  been  in  his  hand  at  the  time,  fell  to  the  ground  about  6  yards  from  his  body. 

"  The  explosion  was  attributed  to  the  neglect  of  the  deceased  boiler  attendant — 
an  inexperienced  lad  of  19  years  of  age — who  it  was  stated  had  in  the  first  instance 
allowed  the  water  supply  to  run  low,  and  then  let  in  the  feed  to  supply  the  defi- 
ciency, when  the  explosion  immediately  occurred.  This  view  was  thought  to  be 
corroborated  by  the  fact  that  the  feed-valve  was  found  to  be  just  opened  one  or  two 
threads  of  the  screw,  and  the  key  picked  up  within  a  few  yards  of  the  body  of  the 
poor  lad,  just  as  if  he  had  been  standing  on  the  top  of  the  boiler  with  the  key  in 
his  hand,  and  in  the  act  of  opening  the  feed-valve  at  the  very  moment  of  explosion. 
The  jury  returned  a  verdict  of  'Accidental  Death,  arising  from  the  absence  of  a 
competent  person  to  inspect  the  boilers,  and  from  want  of  judgment  or  negligence 
of  the  deceased.'  adding  that  they  hoped  that  some  means  would  be  taken  by  the 
proprietor  to  prevent  occurrences  of  a  similar  nature. 

"The  assumption  of  shortness  of  water,  and  then  of  the  sudden  readmission  of 
the  feed  through  the  negligence  of  boiler  attendants,  forms  a  ready-made  and  stereo- 
typed explanation  of  nearly  every  explosion  that  occurs,  and  although  so  widely 
circulated  and  received  is  yet  seldom  correct,  while  it  too  frequently  damages  un- 
fairly the  character  of  boiler  attendants,  and  conceals  the  true  cause  of  many  explo- 
sions. Such  is  the  case  in  the  present  instance.  The  boiler  attendant  was  the 
victim  of  the  explosion,  not  its  cause,  and  it  is  unfair  to  blame  him  for  the  bursting 
of  a  dilapidated  boiler  which  was  older  than  himself,  and  by  which  he  lost  his  life. 
This  will  be  apparent  from  the  following: — 

"On  examining  the  fragments  of  the  exploded  boiler,  I  found  that  the  primary  rent 
had  occurred  just  where  the  plates  had  rested  on  the  brickwork  seating,  and  where 
they  had  been  so  reduced  by  corrosion  for  a  considerable  length  as  to  be  as  thin  as 
a  sheet  of  paper,  so  that  it  was  a  matter  of  great  surprise  that  the  boiler  had  not 
exploded  long  before.  The  boiler  showed  signs  of  great  neglect  throughout,  the 
plates  being  also  materially  corroded  where  they  had  rested  on  the  other  side  wall. 
It  was  difficult  to  ascertain  precisely  the  age  of  the  bailer,  but  it  was  an  old  one. 
and  reported  to  have  been  down  not  less  than  twenty  years.  It  had  been  seldom 
if  ever  inspected;  indeed,  the  external  flues  were  so  contracted  that  the  attendant 
stated  he  was  unable  to  get  np  them  to  make  any  examination,  so  that  the  boiler 
had  just  been  allowed  to  work  on  until  it  burst,  and  the  one  alongside,  which  was 
uncovered  by  the  explosion,  seemed  to  be  rapidly  approaching  the  same  state,  being 
seriously  eaten  away  where  it  had  been  in  contact  with  the  brickwork,  at  which 
part  the  plates  were  shaling  off,  and  were  of  a  bright  red  colour  from  the  active 
corrosion  going  on. 

"There  can  be  no  question,  therefore,  that  the  explosion  was  due  to  the  dilapi- 
dated condition  of  the  boiler  through  neglect,  and  it  is  a  clear  illustration  of  the 
danger  of  allowing  boilers  to  work  on  for  years  without  examination,  and  of  the 
importance  of  periodical  inspection.1* 


MONTHLY  NOTES. 


Improved  Candles. — The  late  Dr.  B.  F.  Joslyn,  more  than  twenty  years  ago, 
gave  to  tallow  candles  a  thin  coating  of  wax,  which  prevented  the  running-down  of 
the  melted  tallow,  and  enabled  a  small  wick  to  be  used,  as  in  wax  candles ;  and 
thus  the  use  of  snuffers  was  rendered  unnecessary,  and  smoke  was  avoided.  He 
found  that  a  pound  of  tallow,  properly  burned,  gave  more  light  than  a  pound  of 
wax.  The  only  objection  to  such  candles  is,  that  there  is  a  cup  of  melted  tallow 
at  the  top,  whic'j  may  be  spilled  if  carelessly  handled.  The  reason  of  this  inven- 
tion is  this : — Tallow  melts  at  a  temperature  so  low  that  the  heat  of  the  flame  melts 
it  at  a  considerable  distance ;  the  capillary  attraction  of  a  small  wick  is  therefore 
insufficient  to  draw  up  the  melted  tallow  fast  enough  to  make  a  good  light;  it  is 
therefore  necessary  to  use  a  thick  wick.  But  the  thick  wick  will  not  bend  over,  so 
that  the  air  may  touch  it,  and  supply  oxygen  to  burn  it ;  it  therefore  has  to  be 
snuffed.  But  when  the  outer  film  is  wax,  it  does  not  melt  easily,  but  holds  the 
tallow,  so  that  the  flame  may  burn  close  to  its  surface,  and  a  small  wick  has  suffi- 
cient capillary  attraction  to  draw  up  all  the  tallow  required  for  a  bright  flame. 
Some  years  ago  a  chemist  in  Venice  made  candles  that  melted  at  a  higher  tempera- 
ture than  wax ;  and  offered  them  as  a  great  improvement,  in  that  they  would  not 
drip,  to  be  used  in  churches. 

BoiLEBS  under  the  Houses  of  Parliament.— There  are  several  boilers  for  the 
purpose  of  heating  and  ventilating  the  Houses  of  Lords  and  Commons,  as  well  as  the 
committee-rooms,  placed  in  the  basement  of  the  building.  It  was  reported  some 
time  since  that  these  boilers  were  in  an  unsafe  condition,  and  questions  with  regard 
to  them  were  put  by  members  of  the  House.  All  these  boilers  have  recently  been 
placed  under  the  charge  of  the  Manchester  Association  for  the  Prevention  of  Steam 
Boiler  Explosions ;  and  the  chief  engineer  to  the  association,  Mr.  L.  E.  Fletcher,  has 
lately  made  an  examination  of  the  boilers,  with  a  view  to  putting  them  on  a  safe 
footing. 


Shoeburyxess — Some  highly  important  experiments,  conducted  by  the  Ord- 
nance Select  Committee,  have  lately  taken  place  against  a  granite  case,  made  with  iron 
embrasures,  erected  by  the  Royal  Engineers  at  Shoeboryiiess,  to  ascertain  the  resist- 
ance that  works  of  this  nature  would  afl'ord  to  modern  artillery.  Three  shots  from 
the  9-22  gun  of  12  tons  were  fired — the  first  with  30^  lbs.  charge,  shot  225  lbs. ;  the 
second,  with  39  lbs.  powder,  225  lbs. ;  the  third,  cast-iron  shot,  weight  195  lbs., 
charge  30^-  lbs.  The  granite  and  brickwork  were  shattered  through  ,  and  it  is  even 
asserted  that  in  consequence  of  the  result  the  works  near  Sheerness  have  been  sus- 
pended, as  it  is  considered  no  masonry  can  stand  against  modern  guns. 

The  Eruption  of  Etna.— The  eruption  of  great  volcanos  is  an  object  of 
such  terrible  magnificence,  that  fen  observers  are  sufficiently  masters  of  their  judg- 
ment to  form  any  very  correct  notions  of  the  various  circumstances  of  the  phenomena. 
In  the  present  instance,  however,  M.  Fuuqne',  a  French  savant,  has  studied  this 
convulsion  of  nature  for  fifteen  days  under  great  difficulties  and  privations,  and  has 
communicated  the  results  of  his  observations  to  his  friend,  M.  Sainte  Claire-Deville, 
who  has  published  them  to  the  world.  The  eruption  commenced  on  the  last  night 
in  January,  two  shocks  of  earthquake  having  occurred  during  the  previous  dav.  At 
the  moment  of  the  breaking  out  of  the  convulsion  there  was  another  and  very 
violent  shock,  which  was,  however,  only  felt  on  the  north-east  side  of  the  mountain. 
At  Lavina,  near  Piedmonte,  the  inhabitants  were  so  terrified  that  they  fled  from 
their  houses  and  spent  the  night  in  terror  in  the  open  air,  while  at  Catania,  on  the 
other  side  of  Etna,  the  earthquake  was  scarcely  felt.  The  eruption  commenced  on 
the  north-east  side,  at  about  1800  yards  above  the  level  of  the  sea,  and  500  yards 
from  an  old  crater,  Monte  Frumento.  which  is  itself  at  the  base  of  the  principal 
volcano.  As  soon  as  the  earth  was  opened,  the  lava  began  to  pour  forth,  and  in 
four  days  the  stream  was  nearly  four  miles  long,  full  half  that  in  breadth,  and  in 
many  places  not  less  than  from  thirty  to  sixty  feet  in  depth.  The  river  of  fire 
flowed  down  a  part  of  the  mountain,  having  an  average  inclination  of  four  or  five 
degrees,  destroying  everything  in  its  course,  till  it  encountered  another  old  cone 
known  as  Monte  Stornello.  Here  the  lava  was  divided  into  two  streams,  one 
descending  gently  on  the  west  of  Stornello,  while  the  other  precipitated  itself  into  a 
deep  and  narrow  valley,  situated  between  Monte  Stornello  and  the  chain  of  hills 
called  Serra  de  la  Boffa.  Here  a  cascade  of  fire,  bearing  on  its  surface  masses  of 
solidified  blocks,  fell  over  a  precipice  more  than  150  feet  deep  with  fearful  noise ; 
the  valley  was  soon  completely  filled,  and  the  stream  of  lava  continued  its  course  for 
nearly  two  miles  more,  and  stopped  on  the  place  of  an  old  lava  flood  called  the  Sciarra 
de  la  Scorcia  Vacca,  at  an  altitude  of  about  2600  feet  above  the  sea.  The  western 
stream  continued  its  course,  and  became  itself  divided  into  two;  one  of  these  con- 
tinued progressing  till  the  21st,  and  the  other  till  the  25th  of  February,  when  the 
head  of  each  was  arrested,  but  small  lateral  streams  continued  to  be  produced  at 
intervals.  On  the  6th  of  March  another  stream  burst  forth  from  the  west  of  the 
craters,  and  was  still  increasing  and  advancing  rapidly  when  M.  Fouque'  wrote. 
This  will  give  some  idea  of  the  enormous  power  and  extent  of  these  hidden  fires, 
which  in  a  few  days  can  fill  up  valleys  and  change  the  face  of  a  country  for  miles. 
But  M.  Fouque's  account  of  the  craters  themselves  extends  the  idea  of  the  terrible 
grandeur  of  such  convulsions.  The  craters,  he  says,  are  seven  in  number;  five  of 
them  lie  in  a  large  elliptical  space,  each  crater  being  not  at  the  top  but  at  the  side  of 
a  cone  or  hill,  from  150  to  200  feet  high.  The  other  two  craters  are  on  the  outer  side 
of  one  of  these  cones.  The  ellipse  containing  the  five  craters  is  described  as  forming  as 
it  were  one  great  crater,  the  ground  being  burst  open  and  split  in  all  directions.  This 
great  oval  crater,  which  is  closed  in  on  all  sides  but  one,  whence  escapes  the  river 
of  lava  already  mentioned,  is  about  1300  feet  long,  and  100  feet  wide  at  its 
narrowest  part.  From  the  base  of  the  Monte  Frumento  to  that  of  the  nearest  crater 
exists  a  tremendous  fissure,  about  1800  feet  in  length,  generally  thirty  feet  wide, 
and  in  some  places  of  immense  depth.  This  huge  crack  is  partly  filled  with  blocks 
of  chilled  lava,  the  effects  of  the  snow,  which  had  accumulated  to  a  considerable 
depth.  Where  the  lava  stream  was  most  dense  the  heat  was  so  great  that  the 
largest  pines  were  entirely  carbonized,  even  at  a  distance  of  sixty  feet  from  the 
fiery  river.  This  account  enables  us  to  form  some  slight  idea  of  the  convulsions 
which  subterraneous  fire  has  created  at  various  times  on  the  surface  of 
our  globe. 

Home  fok  Apprentices. — Mr.  Hartley,  of  the  Westminster  Marble  Works  in 
Earl  Street,  London,  has  founded  a  home  for  boys,  who  are  taken  as  apprentices, 
and  placed  in  a  small  house,  in  which  a  person  resides  connected  with  the  works, 
who  acts  as  a  master;  his  wife  is  the  superintending  matron;  and  the  control  of  these 
lads  is  placed  in  their  hands.  They  are  called  in  the  morning  to  go  to  their  work ; 
they  return  at  stated  times  to  their  meals,  which  are  always  ready  for  them.  There 
is  thus  no  time  lost.  After  the  work  is  over  there  are  books  and  newspapers  for 
them  to  read,  or  occupation  is  found  in  writing  and  drawing.  They  are  allowed  full 
liberty  of  ingress  and  egress,  being  fined,  however,  if  not  in  by  a  stated  time,  which 
varies  according  to  the  season,  and  they  are  allowed  a  small  sum  a  week  for  pocket- 
money  ;  they  are  thus  placed  in  a  position  which  must  have  a  very  material  effect 
in  qualifying  them  to  fulfil  their  duties  properly  when  arrived  at  manhood.  The  boys 
are  taken  at  about  thirteen  or  fourteen  years  old,  and  retained  until  twenty-one.  at 
which  age  they  ought  to  be  able  to  take  care  of  themselves,  and  make  room  for 
others;  and  during  tliis  period  they  have  all  the  advantages  of  a  home,  and  at  the  same 
time  a  surveillance  is  exercised  over  them  which  others  in  the  same  station  of  life 
have  not  at  their  own  paternal  homes.  This  institution  is  said  to  have  been  found 
exceedingly  advantageous,  not  only  as  an  industrial  school,  but  to  the  master  who 
has  founded  it  ;ibr  on  a  comparison  made  by  Mr.  Hartley  of  the  loss  sustained  by 
him  during  a  year,  taking  twelve  boys  of  the  Home  and  twelve  apprentices  living  at 
their  own  homes,  he  found  that  the  loss  by  absence  amounted  in  the  whole  to  but 
lis.  3d.  from  the  college  boys;  whereas,  from  the  apprentices  living  with  their 
parents,  the  loss  on  the  same  account  exceeded  £10  during  the  same  period  Mr. 
Hartley's  proposal  is  to  establish  similar  institutions  throughout  the  country.  There 
appears  to  be  little  or  no  expense  attending  them,  such  as  is  usually  the  case  with 
Reformatory  institutions.  A  small  house,  at  a  low  rental,  capable  of  containing 
about  fifteen  lads,  is  amply  large  enough.  In  fact  they  might  be  self-supporting; 
for  employers  would  be  willing  generally  to  pay  for  the  board  of  their  apprentices, 
rather  than  receive  them  into  their  own  houses — this  being  the  great  objection  to 
taking  them  at  all. 
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Tractaeility  of  Glass. — Glass-blowing,  in  its  simpler  adaptations,  is  a  very 
easy  acquirement,  and  capable  of  affording  much  recreation  at  a  small  expense ; 
while,  if  the  experimenter  be  of  a  philosophical  turn,  he  may  turn  his  skill  to  very 
useful  account.  Even  cold  glass  may  be  worked  with  a  facility  known  to  few.  It 
may  be  drilled  in  holes  very  easily,  the  only  implement  needed  being  a  common 
watchmaker's  drill  stock.  A  diamond  point  is  not  at  all  necessary,  as  itinerant 
operators  often  assert;  a  steel  drill  of  good  quality,  well  hardened,  will  do  the 
business  perfectly;  and  even  if  the  edge  of  the  tool  should  give  way  before  the  hole 
is  pierced  through,  a  little  emery-powder  and  oil  will  remove  every  difficulty ;  or,  with 
the  help  of  these,  the  hole  may  be  bored  with  a  copper  drill.  Not  only  so — glass 
may  even  be  turned  in  a  lathe.  Strange  as  it  seems,  this  is  literally  true.  No  special 
tools  even  are  needed ;  any  amateur  turner  who  has  operated  on  either  of  the  metals 
may  chuck  a  piece  of  glass  in  his  lathe,  and  turn  it  with  the  same  tools,  and  in  the 
same  way,  as  he  would  a  piece  of  steel,  only  taking  care  to  keep  the  chips  from  his  eyes. 
This  strange  discovery  was  made,  almost  accidentally,  in  the  early  part  of  1860,  by 
one  of  our  most  celebrated  mechanical  engineers,  and  might  have  been  patented,  but 
the  inventor  contented  himself  with  simply  putting  it  on  record,  and  generously 
presented  it  to  the  nation.  The  consequence  was,  that  no  one  cared  or  thought 
about  it,  and  the  idea  has  been  suffered  to  lie  nearly  barren,  though  capable  of  being 
turned  to  great  account.  Let  any  amateur  mechanic  make  the  experiment,  and  he 
will  be  surprised  at  the  ease  with  which  this  seemingly  intractable  material  may 
be  cut  and  fashioned  according  to  his  will. 

Gigantic  Asparagus. — Enormous  heads  of  asparagus  have  recently  appeared  in 
the  Paris  market,  and  many  guesses  have  been  made  respecting  the  mode  of  their 
production.  It  is  said  that  a  large  grower  was  recommended  to  cultivate  the  plants 
not  together,  as  in  the  ordinary  manner,  but  dispersed  amongst  other  vegetables  in 
his  garden,  and  that  the  success  was  beyond  all  his  expectations.  The  cause  of  this 
is  not  evident,  but  it  may  be  suggested  that  probably  the  experiments  were  tried  in 
a  very  warm  soil  in  the  south  of  France,  which  supplies  Paris  with  an  enormous 
quantity  of  fruit,  peas,  and  asparagus.  Having  succeeded  in  obtaining  a  gigantic 
growth,  the  grower  tried  a  further  experiment.  He  placed  over  each  shoot,  as  soon 
it  appeared  above  ground,  a  glass  bottle,  or  rather  short  tube  with  a  bottom  to  it, 
pressing  the  latter  down  as  far  as  possible  into  the  ground.  The  consequence 
of  this  treatment  is  the  production  of  enormous  heads,  each  sufficient  to  make 
a  dish  of  itself,  and  in  some  instances  weighing  nearly  a  pound.  This  colossal 
asparagus  is  said  to  be  equal  in  flavour  and  as  tender  as  the  finest  known  kinds 
produced  in  the  ordinary  manner. 

Copper,  &c — The  annual  account  of  the  movements  of  certain  minerals  has 
been  laid  before  Parliament.  In  the  year  1864,  36,892  tons  of  British  copper 
(exclusive  of  ore)  were  exported  from  the  United  Kingdom — a  quantity  considerably 
less  than  the  export  of  1863.  The  import  of  copper  from  abroad  into  the  United 
Kingdom  in  1864  included  67.286  tons  of  ore,  26,018  of  regulus,  10,015  of  un- 
wrought  copper,  and  14,929  tons  of  partly  wrought,  besides  copper  manufactures 
and  copper  plates  engraved  amounting  in  value  to  £96,209.  All  these  figures  in 
the  imports,  excepting  in  ore,  indicate  much  larger  quantities  than  those  of  the 
return  for  1863,  and  the  value  of  the  copper  manufactures  imported  is  ten  times 
the  amount  in  18G3.  From  France  we  took  in  1863  copper  manufactures  of  the 
value  of  £4329,  and  in  1864,  £6G,764.  Of  tin  our  export  differed  little  from 
that  of  1863:  it  amounted  in  18G4  to  4457  tons  of  British.  The  import  of  tin 
ore  and  regulus  also,  529  tons,  was  not  remarkably  different  from  that  of  1863,  but 
the  import  of  tin  amounted  only  to  2728  tons  in  1863,  and  reached  93,098  in 
1864;  from  India  we  took  1884  tons  in  1863,  and  60,782  in  1864.  The  export 
of  British  zinc  fell  from  5307  tons  in  1863  to  5188  in  18G4,  and  of  British  zinc 
ore  from  801  tons  to  111 ;  the  imports  of  zinc  falling  also  from  34,572  tons  to  31,281. 
In  British  lead  and  lead  ore  there  was  generally  a  decline  in  the  exports  of  1864; 
rolled  and  sheet  fell  from  4725  tons  to  4103,  but  pig  increased  from  26,758  tons 
in  1863  to  27,868  in  1864.  The  import  of  lead  ore  was  but  878  tons  in  1863 
and  3015  in  1864;  and  pig  and  sheet  28,604  tons  in  the  former  year,  and  30,616 
in  the  latter.  The  import  of  lead  ore  from  Italy  amounted  to  only  376  tous  in 
1863,  but  reached  1624  tons  in  1864. 

Trinidad  Petroleum. — It  is  now  a  clearly  ascertained  fact  that  petroleum  oil 
springs  have  been  discovered  in  Trinidad,  and  the  discovery  cannot  fail  to  bring  more 
or  less  benefit  to  the  island.  In  oil  the  operations  are  so  much  surer,  easier,  quicker, 
and  more  profitable  than  in  coal  mining,  asphalte  works,  or  manufacturing  operations 
generally,  that  there  is  less  chance  of  disappointment.  American  capitalists'  represen- 
tatives are  eager  to  purchase,  and  deposits,  to  be  forfeited  unless  the  contract  be  com- 
pleted within  a  given  time,  have  been  paid.  One  found  oil  on  St.  Mary'scstate,  Cedros, 
and  it  now  appears  that  it  has  been  locally  known  there  for  years,  and  that  the  negro 
labourers  have  been  in  the  habit  of  scooping  it  out  of  the  earth  in  calabashes  for  their 
home  use,  very  dirty,  of  course,  and  mixed  with  much  foreign  matter,  but  yet  available 
for  lighting  purposes  after  the  earthy,  watery,  and  vegetable  matters  mixed  with  it  had 
been  left  to  settle.  Mr.  Bennett,  the  manager  of  St.  Mary's,  states  that  if  the  clay  where 
the  oily  substance  is  found  be  squeezed  the  oil  will  run  out,  and  that  the  sandstone 
rocks,  of  which  most  of  the  bluffs  along  the  beach  (some  contain  lignite  in  abundance) 
are  composed,  is  saturated  with  the  oil,  which  could  be  run  into  boats  lying  in  the 
smooth  water  of  Cedros  Bay,  by  an  adit  and  pipes,  without  even  boring,  so  that 
something  must  surely  come  of  the  discovery.  Oil  has  been  found  at  Oropouche, 
on  the  estate  of  Mr.  Lange,  and  will  probably  also  be  found  at  many  points  between 
Oropouche  (through  Gnapo,  Irob,  and  LYdros)  and  Icacos  point,  25  miles  distant, 
for  throughout  that  line  the  same  geological  formations  exist.  The  central  and 
northern  parts  of  the  island  are  of  different  geological  character,  and  not  likely  to 
have  any  oil ;  and  in  the  only  two  places  where  the  oil  has  yet  actually  been 
found  the  country  is,  unfortunately,  very  unhealthy  in  some  seasons  or  years,  for 
recently  arrived,  and  even  at  times  for  old  resident  persons  from  northern  climates  ; 
but  there  will  not  long  be  need  of  European  or  American  resident  managers,  as 
Creole  superintendence,  as  well  as  labour,  will  be  easily  obtainable.  More  than 
twelve  months  since  I  directed  the  attention  of  Mr.  Hamilton  Warner,  of  San 
Fernando,  who  has  taken  out  some  useful  patents  for  the  treatment  of  the 
natural  pitch,  to  the  probability  of  finding  oil  near  Oropouche  and  La  Brea,  yet 
failed  to  take  the  hint,  and  permitted  foreigners  to  get  the  honour  of  the  dis- 
covery. 


Locomotives  on  Common  Roads. — Some  time  since,  an  experiment  -was 
tried  at  Nantes,  which  was  recorded  with  the  view  to  the  establishment  of 
steam  omnibuses  on  the  ordinary  road.  The  first  essays  were  made  with  an 
experimental  machine,  but  recently  the  first  trial  of  a  new  one  was  made  in  the 
presence  of  the  Maire  and  some  of  the  principal  people  of  the  place,  who  filled  the 
omnibus  attached  to  the  locomotive.  The  engine,  of  eight-horse  power,  weighs 
seven  tons  with  its  coal  and  water ;  it  is  more  than  eighteen  feet  long,  and 
nearly  six  feet  wide  outside  the  wheels.  The  journey  was  performed  without 
interruption,  with  the  exception  that  in  one  place  too  short  a  turn  was  taken, 
and  the  locomotive  had  to  be  unhooked  from  the  omnibus  before  the  error  could  be 
rectified.  The  29  kilometres  between  Nantes  and  Nort  were  performed  in  two 
hours;  the  locomotive  stopped  twice  to  take  in  water.  The  steam  omnibus  was  to  ply 
regularly  after  that  day  between  the  two  towns. 

Gold.  —  Considerable  excitement  is  occasioned  by  the  discovery  of  gold  in 
Warren,  N.H.  A  company  has  been  formed,  and  the  gold  mine,  which  was  dis- 
covered last  fall,  is  worked  with  profit.  There  is  also  a  silver  and  lead  mine  in  the 
town,  which  is  being  profitably  worked,  and  copper,  zinc,  plumbago,  and  other 
metals  are  found  in  the  limits  of  the  town,  making  the  town  richer  in  minerals  and 
the  precious  metals  than  any  other  town  in  the  State. 

Why  do  Guns  burst? — A  few  days  ago  a  workman  at  Springfield  struck  a 
light  blow  with  a  hammer  upon  a  cast-iron  5-feet  driving-wheel  of  a  locomotive, 
when  it  flew  apart,  a  quarter  of  the  rim  flying  fifteen  feet.  One  large  gun  in  Pitts- 
burg burst  open  in  the  lathe.  Another  cracked  before  it  came  out  of  its  mould. 
And  we  have  heard,  from  good  authorities,  many  instances  of  rupture  from  strains 
caused  by  unequal  cooling.  In  these  phenomena,  we  believe,  lie  the  difficulties  of 
thick  guns ;  and  the  study  of  founders  should  be  to  avoid  such  inequalities  in  cooling. 
They  have  long  recognized  this  cause  of  weakness,  and  studied  to  elude  it;  but 
their  appliances  thus  far  have  not  been  thorough  and  sufficient.  Before  they  can 
succeed,  there  must  be  more  head  work  than  is  to  be  expected  from  men  who  have 
the  general  charge  of  business;  and  more  capital  than  is  usually  concentrated  in 
mechanical  establishments.  There  must  be  what  to  the  unscientific  economist  is 
likely  to  seem  a  monstrous  waste  of  money. — American  Artisan. 

The  Chicago  Lake  Tunnel. — The  workmen  engaged  in  excavating  the  lake 
tunnel  are  now  passing  through  a  stratum  of  earth  which  can  be  easily  worked. 
The  distance  accomplished  is  from  twelve  to  fourteen  feet  per  day,  and  this, 
considering  the  fact  that  the  masonry  must  be  carried  forward  with  the  same 
rapidity  as  the  excavation,  is  good  progress.  Wlien  the  large  crib  designed  for  the 
lake  end  of  the  tunnel  is  completed,  the  work  will  be  carried  forward  at  double  the 
rate  The  crib  is  nearly  ready  for  launching,  and  will  be  sunk  during  the  present 
month  (June).  Labourers  are  excavating  around  this  huge  wooden  work,  that  the 
water  may  be  deep  enough  to  float  it  and  to  facilitate  the  operation  of  anchoring. 
The  crib  will  be  afloat  in  about  two  days.  It  will  be  towed  out  into  the  lake  and 
sunk  at  the  point  where  the  tunnel  is  expected  to  terminate.  When  it  is  properly 
anchored  the  miners  will  commence  their  work.  The  cutting  of  the  tunnel  will  then 
go  on  at  the  rate  of  twenty  feet  per  day. 

APPLICATIONS   FOR 

PROVISIONAL  PROTECTION  FOR  INVENTIONS 
UNDER  THE  PATENT  LAW  AMENDMENT  ACT. 

^9"  When  the  city  or  town  is  not  mentioned,  London  is  to  he  understood. 
7th  Apri7,  1865. 

995  Henry  Edmonds,  Gosport — Lighting  ships 

996  "William  Gray,  Edward  Gray,  and  John  Gray,  Sheffield— Ploughshares 

997  William  Jackson,  Glasgow — Mixing  gases  and  vapour 

998  Moses  Savery  Maynard,  Preston — Preparing  cotton 

999  Nathan  Gold  Kimberley,  Birmingham— Locks 

1000  Thomas  Skidinore,  Cleveland  Place— Safes 

1001  Michael  Henry,  Fleet  Street — Purifying  smoke.— A  com. 


1002 
1003 
1004 

Inn,", 
1006 
1007 
1008 
1009 
1010 
1011 
1012 
1013 
1014 
1015 

1016 
1017 
1018 
1019 
1020 
1021 


1022 
1023 
1024 
1025 
1026 
1027 
1028 
3029 
1030 
1031 
1032 
1033 
1034 
1035 
1036 


8lh  April,  1865. 
William  E.  Gedge,  Strand— Steam  power  locomotion  on  ordinary  roads. — A  corn. 
Henry  Joseph  Simlick,  Bow — Matches 

Alfred  Homfray,  Witley  Lodge,  Worcester — Links  of  iron  chains 
William  Weatherley,  Chartham — Sizing  paper 
James  Isherwood,  Haslingden — Sail  cloth 
George  Davies,  Lincoln's  inn — Buttons. — A  com. 
George  Davies.  Lincoln's  Inn — Preventing  fouling  of  ships. — A  com. 
Victor  Albert  Proutt,  Manor  House,  Surrey— Photographic  cameras 
Joseph  Debuam,  Islington — Ornamenting  linen  cuffs 
Andrew  George  Hunter,  RocklifFe  Hall,  Flintshire — Soda  and  potash 
Siegmund  Moore,  Liverpool  Street — Electro-magnetic  engines 
Thomas  Turton,  Sheffield — Cutting  files 
Jean  Baptist  llausman,  St.  Pancras—  Rifle  shooting 
Joseph  White,  Lambeth — Drilling  machine 

10th  April,  1865. 
Allan  Stewart,  Talbot  Terrace — Wearing  apparel 
Charles  Francois  Gheerbrant,  Rosieres — Deepening  rivers 
Richard  A.  Brooman.  Fleet  Street — Forming  tapered  rods. — A  com. 
Robert  Fergusson,  Davyhulme,  and  Walter  Ralston,  Manchester— Finishing  yar 
William  Brookes,  Bristol — Heating  files 
George  Yoigt,  Aldershot — Stopping  railway  carriages 

11  tk  April,  1865. 
James  John  Myers,  Hanover  Buildings — A  compensating  wheel 
Charles  Vaughan,  Birmingham — Iron  and  steel 
Stephen  Wright,  Smethwh-k — Carriage  wheels 
William  Clark,  Chancery  Lane— Horse  shoes. — A  com. 
David  Payne,  Otley—  Printing  machinery 

Richard  Archibald  Brooman,  Fleet  Street— Storing  petroleum. — A  com. 
Richard  Archibald  Brooman,  Fleet  Street— Suction  and  blast.— A  com. 
John  Henry  Johnson,  London— Steam  generators.— A  com. 
John  Henry  Johnson.  London— Signals  on  railway  trains. — A  com. 
William  Edward  Newton,  Chancery  Lane — Telegraph  cables. — A  com. 
Archibald  Turner,  Leicester — Looms  for  weaving 
Lawrence  Barnett  Phillips,  Hunter  Street — Watches 
Benjamin  William  Leslie  Nicoll,  Oxford  Street— Boots  and  shoes 
Josiah  Dadley,  Coventry — Couplings  for  carriages 
Robert  Turner  Deptford — Iron  cable  shackle 


July  1.  1865. 


THE   PRACTICAL  MECHANIC'S  JOURNAL. 


127 


■  ■: 
1038 
1039 
1040 
1041 
1042 
1043 
1044 
1045 
1046 
1047 
104S 
1049 
1050 
1051 
1052 


1053 
1054 
1055 
1006 
1057 
1058 
1059 

1060 
1061 
106*2 
1063 
1064 


V2Ci  April,  1S65. 
Gnstave  Wilhelm  Rothleb,  Soho — Mechanism  for  flying  through  the  air 
John  Hawortbj  Mode  Wheel  House— Cleaning  horses 
Henrv  BridsoUj  Bolton — Stretching  frames 

C.  Boschan,  J.  Bindtner,  and  W.  Caffou,  Vienna— Lamps  for  burning  petroleum 
Frederic  Pelham  Warren,  Routhsea — Cooking  utensil 
Henry  Sikes,  Rushneld,  and  George  Jannain,  East  Parade — Treating  wool 
John  Walker,  Birmingham— Door  locks 
Gaspard  Alfred  Moutenat,  France— Ejecting  fluids 
John  Matthias  Hart.  Cheapside — Safe  doors 
Thomas  Jeffreson  Mayall,  Roxbury— Fire-arms 

Frederic  Bapty  and  Edward  Bridges  Savers,  Dublin— Sewing  machines 
George  Jackson.  Westhorpe— Rests  for  cues 
John  Solomon  Bickford,  Camborne — Safety  fuze 

William  Edward  Newton.  Chancery  Lane— Binders  for  boots. —  A  com. 
Alfred  Vincent  Newton,  Chancery  Lane—'  Giffard  Injector.' — A  com. 
Herman  Leouhardt.  St.  Gall — Motive  power  engine 

13tk  April,  1S65. 
George  Roselet,  Paris— Motive  power 
G(  »rge  Mount  ford,  Grasscroft— Grinding  articles  of  cutlery 
Albert  Westhead.  St.  Mary  Axe — Signals  on  railway  trains 
John  Chubb,  London,  and  Robert  Goater,  Wood  Street — Iron  safes 
William  Speakman  Tates,  Leeds— Folding  fabrics 
Charles  Forster  Cotterill,  Cannock — Pipes  for  conveying  water 
Seth  Dawson.  Springfield,  John  Burgess,  Saddlewor'tb,  and  John  Wilson,  Mossley 
—  Metallic  pistons 
James  Rippon,  Sheffield — Lubricating  spindles. — A  enra. 

Christopher  Turner.  Bingley,  and  Thomas  Room,  Burnley— Looms  for  weaving 
Richard  Archibald  Br.»oman,  Fleet  Street — Feeding  boilers. — A  com. 
Thomas  Bennett,  Birmingham— Hoop  iron 
William  Beardmore,  Park  head— Furnaces 


loth  April,  1SS5. 

1065  John  M-'Dowall,  Johnstone — Shaping  corks 

1066  John  Minton  Courtauld,  Booking — Steam  boilers 

1067  Charles  Robinson  Fisher,  Chelsea — Connecting  a  g^ff  to  the  mast  of  a  vessel 
IOCS  William  Clark,  Chancery  Lane— Substitute  for  india  rubber.— A  com. 

1069  Thomas  Edward  Harding,  Circus  Street — Support  for  invalids 

11th  April,  1S65. 

1070  Mark  Smith,  Heywood— Looms  for  weaving 

1071  Alexander  Henry.  Edinburgh — Breech-loading  fire-anus 

1072  Thomas  Newbigging  and  Alexander  Hindle,  Bacup— Wet  gas  meters 

1073  J.  J.  Matthewson,  Rotherliithe,  and  H.  L.  R.  Schlee,  Victoria  Villas— Rotatory 

aerial  swings 

1074  Louis  de  St.  Ceran.  Paris — Gas-ammoniacal  engines 

1075  Edward  Morgan  and  George  H.  Morgan,  Edgeware  Road— Covering  railway  trucks 

1076  Joseph  Dougan,  Coed  Talon— Distilling  hydrocarbons  from  coals 

1077  Albert  Ward  Hale,  New  York— Cutting  meat 

107S  George  William  Garrood,  Mile  End— Signals  on  railway  trains 

l$th  April,  1865. 
1079  Frederick  Collier  Bakewell,  Hampstead — Steam  cylinders. — A  com. 
10S0  John  Crosbie  Aitken  Henderson,  Clerkenwell — Ladies'  skirts 

1081  John  Jones  Jenkins.  Swansea— Terne  plates 

1082  John  Todd,  Greenwich— Circling  beams 

l"-  I  William  Bedderj  Saltash—  Construction  of  ships 

1081  Thomas  Whitehead  and  Nicholas  Nussey,  Holbeck— Combing  wool 

19th  April,  1865. 
10S5  J.  Gardner,  R.  Lee,  and  G.H.  Wain,  and  S.,  C,  and  S.  Hargrove,  Birmingham— 

Bushes  for  pulley  blocks 
1086  -Tames  Edward  Hyde  Andrew,  Andenshaw — Looms  for  weaving 
1   -7  Richard  Archibald  Brooman.  Fleet  Street — Lace. — A  com. 
1088  Ralph  A.  Jones  and  Joseph  Hedges,  Aylesbury — Communicating  intelligence 
1069  John  Merritt,  Brooklyn— Inkstands. — A  com. 
1090  William  Riddell,  Bishopsgate  Street — Covering  railway  trucks 
1001  Frederic  William  Gilbert,  Sheffield— Pulleys 

1092  George  Tomlinson  Bonsfield,  Brixton— Breech-loading  fire-arms. — A  com. 

1093  Maurice  Vogl,  Sambrook  Court  — Cutting  stones.— A  com. 

20th  April,  1865. 

1094  J.  Hall.  Glossop,  W.  Dunkerley,  Dunkinfield,  and  S.  Schofield,  Asbton-under-Lyne 

— Carding  cotton 

1095  John  Hocking.  Redruth — Steam  boilers 

1096  Henry  Kindon  Taylor,  Covent  Garden  —Water  closets 

1097  D.  Hancock,  High  Wycombe,  and  T.  Evans,  Eastcheap — Signalling  railway  trains 

1098  Ernest  Smith  and  Christian  Sieberg,  Glasgow — Obtaining  colouring  matters 

1099  Me^uerditch  Houssepian,  Manchester — Pumps. —  A  com. 

1100  Thomas  Hampton  and  James  Abbott,  Sheffield — '  Bessemer  steel  ingots.* 

1101  William  Clark,  Chancery  Lane— Stop  cocks. — A  com. 

1102  Frederick  Augustus  Abel.  Woolwich — Explosive  compounds 

1103  William  Hale.  Adelphi— Rockets 

1104  David  Greig.  Leeds — Cutting  crops. — A  com. 

1105  William  Beaver,  Westbury— Riddling  corn 

1106  William  Robinson,  Watling  Street — jacks  used  when  roasting 

1107  Henry  Caudwell,  Shillingford— Floating  batteries 

1108  John  Yeldham  Betts,  Coventry— Baking  bread 

1109  Francis  Wise,  Adelphi — Gas  regulators.— A  com. 

21st  April,  1865. 

1110  Thomas  Greaves  and  John  Skirrow  Wright,  Birmingham— Buttons 
lilt  David  Simson  Buchanan,  Liverpool  — Designs  on  glass 

1112  Edward  Thomas  Hughes,  Chancery  Lane— Steam  cylinders.— A  com. 

1113  Edward  Wilson,  Pall  Mail— Signal 

1114  William  Day,  Burton— Wheels  for  railway  carriages 

1115  Abraham  Cohn  Herrmann,  Berlin — Weighing  luggage 

1116  James  C  hampion  and  J.  B.  Sheridan.  Manchester— Doubling  cotton 

1117  W.  Scarratt,  Russell  Street,  and  W.  Dean,  Stafford  Street— Impressions  on  wood 

1118  Robert  Griffiths.  Mold— Propelling  vessels 

1119  George  Whillock.  Birmingham— Oiling  cans 

1120  Henry  Edward  Newton,  Chancery  Lane — Invalid  carriages. — A  com. 

1121  George,  George  Wm.,  and  John  Betjemann,  Pentonville— Receptacles  for  matches 

1122  Richard  Canham.  Clerkenwell— Casting  metals 

1123  Collin-;on  Hall,  Navestock— Tilling  land 

22nd  April,  1865. 

1124  Ormrod  Cofleen  Evans,  United  States— Digging  machinery 

1125  Edward  Lord,  Todmordeu — Spinning  cotton 

1126  Rmile  Stanislas  Beans  and  Edward  Pannifex,  Paris — Tanning  leather 
14^7  Joshua  Henry  Wilson,  Todmorden — Spinning 

112-1  John  Binary,  Regent  street— Overcoats 

1129  Charles  James  and  John  Alexander  Keenan,  Puteaux— Articles  of  lace 

1130  Alfred  Grainger,  Hall  Place,  and  C-  M.  Girdler,  Saville  Row— Tombstones 

1131  William  Biing-r,  Chancery  Lane— Permanent  way  of  railways. — A  com. 

1132  George  Haseltine,  Chancery  Lane — Removing  corks. — A  com. 

1133  Alfred  Vincent  Newton,  Chancery  Lane — Condenser  tubes. — A  com. 

1134  James  Howard  and  Edward  Tenney  Bonsfield,  Bedford— Cultivating  land 


21th  April,  18G5. 
1135  Welbnrn  Williamson,  High  Holborn— Drying  cloths 
113S  Peter  Arimmd  Le  Comte  de  Fontainemoreau,  Paris— Fire-arms. — A  com. 
1187  Henri  Adrien  Bonneville,  Paris— Maps. — A  com. 

1138  Richard  Henry  Dart,  Borough—  Propelling  vessels 

1139  Henry  Charles  Butcher,  Strand— Cigar  cutter 

1140  William  Edward  Gedge,  Strand— Nourishment  to  the  sick,— A  com. 

1141  William  Edward  Gedge,  Strand— Pessary.— A  com. 

1142  Charles  and  George  Eastwood,  Honley — Looms 

1143  John  Joseph  Parkes,  London  Street — Communications 

1144  William  Clark,  Chancery  Lane— Bleaching  textile  materials. — A  com. 

1145  Aaron  Atkins,  Turnham  Green— Sandal  for  swimming 

1146  John  Frederik  Christian  Carle,  Hamburgh — Breech  loading 

1147  William  Edward  Newton,  Chancery  Lane— Penholders. — A  com. 

1148  Owen  Grenliffe  Warren,  New  York — Philosophical  examination 

25*A  April,  1865. 

1149  Nicholas  Sibly,  St.  Laurence— Decanting  liquids 

1150  Thomas  Walker,  Birmingham — Flow  of  liquids 

1151  George  Davies,  Lincoln's  Inn — Securing  buttons  to  fabrics. — A  com. 

1152  Richard  Archibald  Brooman,  Fleet  Street— Smoke  consuming  furnaces. — A  com. 

1153  J.  N.  Brown,  Handsworth,  and  T.  D.  Clare,  Birmingham — Melting  of  iron 

1154  J.  N.  Brown,  Handsworth,  and  T.  D.  Clare,  Birmingham— Preserving   metallic 

substances 

1155  John  Wilkinson,  Hunslet— Printing  felts 

1156  Claude  Jacquelin,  Paris — Motive  power 

1157  William  Elder,  Dundee — Steering  ships 

115S  John  Townsend  Bucknill,  Chatham — Railway  wheels 

1159  J.C.  Wickham,  Elizabeth  Cottage,  and  A.  E.  Deiss,  Bow  Bridge — Waterprooffabrici 

1160  William  Oxley,  Manchester — Spinning  fibrous  substances 

1161  William  Clark,  Chancery  Lane— Superphosphates  of  lime. — A  com. 

1162  William  Husband,  liayle — Fastening  wooden  planking  to  iron  frames 

26th  April,  1865. 

1163  Richard  Eccles,  Rock  Ferry— Railway  chairs.— A  com. 

1164  Thomas  Dixon  Whitehead,  Birmingham— Fire-escapes 

1165  Charles  William  Heaven,  Birmingham — Articles  of  dress 

1166  John  and  William  Fairweather,  Manchester — Sewing  machines 

1167  George  Mumby,  Wareham  Street — Embroidering 

1168  Francois  Dominique  Pierre  Jacques  Cabasson,  Paris — Animal  substances 

1169  Richard  Archibald  Brooman,  Fleet  Street — Preparing  fibres. — A  com. 

1170  John  Cunningham,  Liverpool — Fire-proof  buildings 

1171  John  Alexander  Rowland,  Hampton  Wick  -  Photographic  cameras 

1172  James  Dodge,  Manchester— File  cutting  machines 

1173  George  Tomlinson  Bousfield,  Brixton-  Resinous  gum. — A  com. 

1174  William  Henry  Smith,  Haverstock  Hill — Photographing  on  wood 

27th  April,  1835. 

1175  Joseph  Wilson  Lowther,  Manchester— Lubricating  frictional  surfaces 

1176  Joseph  Taugye,  Birmingham — Pulling  jacks 

1177  James  Can',  Birmingham — Breech -loading  fire-arras 

117S  Henry  Walker  Wood,  Cardiff— Reducing  friable  substances  to  powder 

1179  Samuel  Harvey,  Clerkenwell — Shaping  masts 

11S0  Anthony  Francis,  St.  John's  Wood — Condensing  steam 

1181  Joseph  Frederick  Feltham,  Aldersgate  Street — Croquet  games 

1182  Richard  Archibald  Brooman,  Fleet  Street— Closing  cartridge  cases. — A  com. 

1183  William  Balk,  Ipswich — Furnaces 

1184  Alfred  Grainger,  Hall  Place,  and  C.  M.  Girdler,  Saville  Row— Portraits 

1185  William  Edward  Newton,  Chancery  Lane — Artificial  arms. — A  com. 

1186  Dundas  Simpson,  Airdrie — Furnaces 

2Sth  April,  1S65. 

1157  Thomas  Charles  March,  Ambassador's  Court — Flowers  and  leaves 

1158  Edward  Moore,  Tewkesbury — Dress  shirts 

1159  Arthur  Charles  Henderson,  Charing  Cross— Water  wheels.— A  com. 

1190  Edward  M'Nally,  Manchester—'  File  blanks' 

1191  Julian  Bernard,  Lincoln's  Inn  Fields — Raising  water 

1192  Julian  Bernard,  Lincoln's  Inn  Fields — Boring  rocks 

29th  April,  1865. 

1193  Robert  Ferrie,  John  Murray,  and  Adam  Wilson,  Paisley — Dyeing  yarns 

1194  Walter  Henry  Tucker,  Strand— Locks 

1195  Andrew  Wyllie  and  John  M'Farlane  Gray,  Liverpool— Steam  engines 

1196  Charles  Gammon,  Cloak  Lane — Drawing  lots 

1197  Lewis  Wells  Broadwell,  St.  Petersburg — Breech  loading  guns 

1198  Thomas  White,  Camden  Town — Reburning  animal  charcoal 

1199  George  Augustus  Huddart,  Brynkir — Buttons 

1200  George  Pomeroy  Dodge,  Thames  Street— Pickers  for  looms 

1201  William  Clark,  Chancery  Lane — Locks — A  com. 

1202  Peter  Armand  Le  Comte  de  Fontainemoreau,  Paris— Spinning  silk. — A  com. 

1203  William  Leatham,  Leeds — Cutting  coal 
1201  Francis  Gregory,  Manchester— Breweries 

1205  Jean  Gutmaun,  Paris— Spectacles. — A  com. 

1st  May,  1S65. 

1206  David  Yoolow  Stewart,  GHasgow — Moulds  for  casting 

1207  Emile  Della-Noce,  Turin— Fire-arms 

1208  Henry  Bessemer,  Queen  Street — Pig  iron 

1209  George  Johnson,  Wandsworth — Iron  fortifications 

1210  Charles  Edward  Ilerpst,  Paris — Pumps. — A  com. 

1211  John  Blackie,  Lincoln's  Inn— Fuses  of  shells. — A  com. 

1212  Daniel  Rankin,  Greenock— Marine  steam  engines 

1213  John  Charles  Davies,  London— Knife-cleaning  machines 

1214  Walter  Thomas  Whitmore  Jones,  South  Audley  Street— Croquet  stand 

1215  Morris  West  Ruthven,  Harlow  Villas— Propelling  vessels 

1216  William  Edward  Wiley,  Birmingham — Everpointed  pencils 

1217  William  Watts,  Nottingham,  and  John  Joseph  Cooper,  Bloomsbury— Mangles 

1218  William  Edward  Newton,  Chancery  Lane— Flock  fabrics.— A  com. 

1219  William  Edward  Newton,  Chancery  Lane— Waterproof  fabrics. — A  com. 

1220  Arthur  Howard  Emerson  and  Robert  Fowler,  Mildmay  Park — Glass 

1221  Thomas  Frederick  Cashin  and  Joseph  Felix  Allender,  Sheffield— Puddling  iron 

1222  Joseph  F.  Allender  and  Thomas  F.  Cashin,  Sheffield— Fastcuers  for  driving  bands 

2nd  May,  1S65. 

1223  John  Henry  Johnson,  London— Self-acting  alarms. — A  com. 

1224  Rest  Fenner,  Fleet  Street— Embossing  presses 

1225  Thomas  Hay  Campbell,  Madras— Shields  of  steel 

1226  Thomas  Russell,  Wednesbury— Valves 

1227  Francis  Wise,  Adelphi— Decoctions.— A  com. 

1228  William  Edward  Newton,  Chancery  Lane— Folding  beds.— A  corn. 

1229  Thomas  Allcock,  Birmingham— Metal  tubes 

1230  Charles  William  Siemens.  Westminster— Velocity 

1231  Jules  Catillon,  Hatton  Garden— Self-supplying  pen 

3rd  May,  1865. 

1232  Jean  Baptists  Lavanchy,  Peter  Street — Chair  ladder 

1233  George  Tomlinson  Bonsfield,  Brixton — Woollen  fabrics. — A  com. 
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1234  Edward  Thornton  Read,  find  John  Brough  Fyfe,  A  rdrishaig— Revolving  shafts 

1235  Peter  Armand  Le  Comte  de  Fontainemoreau-  Paris — Textile  substances. — A  coin. 

1236  Magloire  Honors'  Beguin,  Paris — Penholders 

1237  Peter  Armand  Le  Comte  do  Fontainemoreati,  Paris— Burning  petroleum.— A  com. 

1238  Thomas  Wright  Roe,  Nottingham— Carding  lace 

1239  William  Clark,  Chancery  Lane— Woven  fabrics.— A  com. 

1240  John  Henry  Johnson,  London— Steam  engines.— A  com. 

1241  William  Edward  Gedge,  Strand— Thrashing  machines.— A  com. 

1242  Carl  Gustav  Lenk,  Dresden— Purifying  water 

4th  May,  1865. 

1243  Gustave  Josse,  Giltspur  Street— Paper  hangings 

1244  Edward  Grainger  Smith,  Clerkenwell — Vegetables 

1245  William  Ford  Stanley,  Holborn— Engines 

1246  John  Stalkartt,  Dover— Ploughs 

1247  George  Redrup,  Loughborough— Conical  articles 

1248  Frederick  Caldwell,  Loughborough— Tying  threads 

1249  Josiah  Hampton,  Lnnjhborough— Condenser 

1250  William  Roberts,  Millwall— Chain  cables 

1251  John  Li  1  ley,  Mile  End— Ship  compasses 

1252  A.  Mackie,  Warrington,  H.  Garside,  and  J.  Salmon,  Manchester — Printing  type 

1253  Thomas  Wood,  Manchester— Steam  engines 

5th  Mat/,  1865. 

1254  George  Peel,  Manchester,  and  Isaac  Mason,  Sale — Hydraulic  presses 

1255  William  Henderson,  Gl  isgow — Extracting  copper 

1256  Edward  Richardson,  Airfield — Fog  signals 

1257  Thomas  Jefferson  Mayall,  Fleet  Street— India  rubber 

1258  Alexander  Horace  Brandon,  Paris — Receiving  stguals. — A  com. 

1259  Charles  Lamport,  Workington — Fire  grates 

1260  Joseph  Mitchell,  Inverness — Constructing  roads 

1261  J.Wadswortb,  Macclesfield,  H.Dusset,  J.M'Murdo,  Manchester — J acquard machines 

1262  James  M'Glashan,  Dundee— Preparation  of  jute 

1263  Solomon  Bennett,  East  Lee— Brewing 

6th  May,  1865. 

1264  William  Edward  Newton,  Chancery  Lane— Steam  engines. — A  com. 

1265  Sanders  Trotman,  Camden  Town — Communication  on  railway  trains 

1266  Israel  Swindells,  Wigan— Coal  gas 

1267  John  Hurt  and  Henry  Tonge,  Halifax — Grinding  corn 

8th  May,  1865. 

1268  William  Charles  Cropp,  Clapham — Carriage  lamps 

1269  P.  Armand  Le  Comte  de  Fontainemoreau,  Paris— illuminating  purposes. — A  com. 

1270  James  Buchanan,  Liverpool — Furnace  fire  grates 

1271  William  Clark,  Chancery  Lane — Printing  types. — A  com. 

1272  John  Henry  Johnson,  London — Measuring  spirits. — Acorn. 

1273  John  Casey,  Dublin— Window  sashes 

1274  John  Henry  Johnson,  London — Safety  lamps. — A  com. 

9th  May,  1865.  * 

1275  Robert  Barlow  Cooley,  Northampton — Elastic  fabrics 

1276  Stephen  and  Joseph  Law,  Wolverhampton — Breech-loading  fire-arms 

1277  Patrick  Welch,  New  York — Finishing  printers'  types 

1278  John  Cornelius  Craigie  Halkett,  Cramond — Composition  for  coating  vessels 

1279  J.G.Hey,  Cleckheaton,  and  V.  Savor}',  Hartishead-cum-Clifton— Extinguishingfires 

1280  Edward  Taylor  Bellhouse,  and  W.  John  Doming,  Manchester — Hydraulic  presses 

1281  James  Gorton,  Manchester— Woven  f  ibric 

1282  Ralph  Hart  Tweddell,  Ncwcastle-on-Tyne — Boiler  tubes 

1283  Thomas  Jefferson  Mayall.  Fleet  Street — Door  mats 

1284  George  Hartley,  Aldermmbury — Fasteners  for  stays 
1235  Samuel  Hudson,  Dublin— Safety  stirrup 

1286  John  Henry  Johnson,  London — Candles. — A  com. 

1287  William  Jackson,  Glasgow — Mixing  gases 

1288  Charles  Stuart  Baker,  Fleet  Street — Paddle  wheels.— A  com. 
i.289  John  Charles  Conybeare,  Croydon — Breech-loading  fire-arms 

10th  May,  1S65. 

1290  S.  L.  Fuller  and  A.  Fuller,  Bath,  and  Charles  Martin,  Adelphi— Carriage  step 

1291  Daniel  Adamson,  Manchester— Drilling  plates  of  metal 

1292  William  Edward  Broderick,  Fenchurch  Street — Churns. — A  com. 

1293  Patrick  O'Hagan,  Aston— Breech-loading  fire-arms 

1294  Herbert  William  Hart,  Strand— Buttons 

1295  David  Hartley,  Oldham — Moulds  for  metallic  castings 

1296  Edward  Myers,  Westminster — Wet  gas  meters 

1297  John  Forbes,  Perth— Drying  malt  and  grain 

1298  James  Melvin,  Prinlaws — Jacquard  machines 

1299  Peter  Brash,  Leith,  and  Robert  Irvine,  Musselburgh— Ornamenting  candles 

1300  Julian  John  ReVy,  Eaton  Square— Gun  cotton 
13()1  William  Joseph  Rice,  Chelsea — Motive  power 

1302  Robert  Hadfield  and  Jabez  Shipman,  Sheffield— Ribs  for  umbrellas 

1303  Stanislas  Pokutynski,  and  Michel  Mycielski,  Paris— Motive  power 

llth  May,  1865. 

1304  James  Goodwin,  Ardrossan— Casting  iron  girders 

1305  John  Henry  Johnson,  London — Valve  regulator. — A  com. 

1306  William  Tijou,  Westminster— Permanent  way  of  railways 

1307  William  Jamieson,  Ashton-under-Lyne — Power  looms 

1308  Joseph  Rock  Cooper,  Birmingham— Breech-loading  fire-arms 

1309  Thomas  Jefferson  Mayall,  Fleet  Street— Flexible  tubing 

1310  Joseph  Bennett,  Sheffield— Iron  and  steel 

1311  G.  Mountfordj  Grasscroft,  and  G.  Worroll,  Upper  Mill— Smoothing  metal  pipes 

1312  Demas  Ellis  and  Matthew  Hillas,  Bradford— Ornamental  fabrics 

1313  Alexander  Parkes,   Birmingham — Pavkesine 

12th  May,  1S65. 

1314  Etienne  Lucien  Girard,  Paris— Hats. — A  com. 

1315  I' mile  Cordonnier,  Paris — Tents 

1316  Thomas  Smith  and  Henry  James,  Manchester — Woven  fabric 

1317  James  Hesford,  Bolton — Stretching  cotton 

1318  George  Haseltine,  Chancery  Lane— Boots  and  shoes. — A  com. 

1319  Henry  Ransford,  Brompton— Treating  rice 

1320  Spencer  Thomas  Garrett,  Stoke-on-Trent— Flasks. 

1321  Richard  Winder,  Westminster — Railways 

13J2  William  Chubb  and  Solomon  Fry,  Bristol — Communication  on  railway  trains 

1323  Richard  Edward  Donovan,  and  Daniel  O'Brien,  Dublin — Traction  on  railways 

1324  William  Hewitt,  Pimllco — Preventing  incrustation  in  boilers 

1325  George  and  George  Walter  Simmons,  Holborn — Lithographic  impressions 

1326  John  Eddy,  Kcnford— Ploughs    • 

1327  Thomas  Davis,  Clapham — vessels  for  containing  blacking 

13th  May,  1865. 
132S  Thomas  Craig,  New  Oxford  Street— Fire-arms 

1329  Thomas  Parkinson  and  William  Snodgrass,  Blackburn— Stands  for  barrels 

1330  Alexander  Weir,  Greenock— Water  gau-es 

1331  James  Key  Caird,  Dundee— Sewing  machines 

1332  William  Spence,  Chancery  Laue— Muzzle  loading  cannon. — A  com. 


1333  Henry  James  Burt,  Balsall  Heath,  Worcester— Head  dress 

1334  William  Clark,  Chancery  Lane— Gas  burners. — A  com. 

1335  William  Clark,  Chancery  Lane— Hinges.— A  com. 

1336  George  Henry  Ogston,  London— Animal  charcoal 

1337  Frederick  Ransome,  Queen  Street  Place — Stone  slabs 
133S  Richard  Langridge,  Bristol— Stays 

1339  John  Frederick  Cooke,  Cannon  Street — Pocket  pencils 

15*A  May,  1865. 

1340  George  Ennis,  Jersey — Saw  mills 

1341  W.  Dcakin,  Great  Barr,  and  J.  B.  Johnson,  Tettenhall— Gun  barrels 

1342  Charles  James  Appleby,  Gracechurch  Street— Steam  cranes 

1343  George  Elliot.  Betler  Hall,  and  Samuel  Coxon,  Usworth— Axles  of  pulleys 

1344  Robert  Harrild  and  Horton  Harrild,  Farringdon  Street— Printing  machines 

1345  Henry  Besley,  Halberton— Manure  drill 

1346  John  Danglish,  Reading    Ovens 

1347  James  Tangye,  Birmingham— Testing  strength  of  chains 

1348  Henri  Adrien  Bonneville,  Paris— Flour  mills. — A  com. 

1349  Henri  Adrien  Bonneville,  Paris— Hydrometers. — A  com. 

1350  E.  Moore.  South  Shields,  W.  Easton  and  W.  Gillies,  Gateshead— Pumps 

lGth  May,  1865. 

1351  Walter  Brown,  Bolton— Clog  soles 

1352  William  Wright,  Mostyn,  Flint — Burnt  ores  of  copper 

1353  Moss  Defries,  lloundsditch— Communication  by  signals 

1354  Henry  Edwin  Dixon,  Wolverhampton — Letter  clips 

1355  Pierre  Camille  Lafont,  Pamiers — Fire-arms 

1356  Richard  Archibald  Brooman,  Fleet  Street—  Fire-arms. — A  com. 

1357  Richard  Leddicoat,  Gateshead — Making  rivets 

1358  Waiter  Montgomerie,  Glasgow — Locomotive  engines 

1359  Svend  Svendson,  Southwark,  Surrey— Vessels  containing  oil 

1360  James  Worrall,  Ordsall,  and  Thomas  Hughes,  Manchester — Dryiug  textile  fabrics 

1361  George  Walton,  Clapham — Distilling  hydrocarbons 

1362  Andre  Chavanne,  Paris— Mail  catching  apparatus  for  bags 

1363  Chauncey  Orin  Crosby,  United  States — Pointing  wires 

llth  May,  1865. 

1364  Fielding  Fletcher,  Birmingham— Water-closets 

1365  William  Haigh,  Reddish,  Lancaster — Cutting  cardboard 

ISth  May,  1S65. 

1366  Carl  Fischer  and  Carl  Wilhelm  Maas,  Saint  Martin's-le-Grand— Stamping  letters 

1367  Henry  Rushton,  Clerkenwell— Head  dresses 

1368  Theodore  Fancheux,  Kentish  Town — Rotary  magneto-electric  machines. — A  com. 

1369  Christopher  Smith  r-illups,  Chatteris — Liquid  manure 

1370  William  Richard  Williams,  Charing  Cross — Dry  gas  meters 

1371  William  Manwaring,  Banbury — Reaping  machines 

1372  T.  Molden,  J.  Newsome,  and  J.  Akeroyd,  Leeds— Furnaces  of  steam  boilers 

1373  Richard  Archibald  Brooman,  Fleet  Street— Securing  corks. — A  com. 

1374  Joseph  Mitchell  and  George  Tilfourd,  Sheffield — Testing  railway  springs 

1375  Richard  Toomer  Birt,  Otteibourne,  Winchester — Traps  for  catching  rabbits 

1376  Samuel  Alfred  Varley,  Holloway — Electric  telegraph  wires 

1377  James  Laing,  Dundee — Sewing  machines 

1378  William  Lassie,  Gloucester — Driving  piles 

1379  Cyrus  Copus,  Kennington  Park  Road,  Surrey— Bedsteads 

ldth  May,  1865. 

1380  Edward  Augustus  Raymond,  United  States — Atmospheric  forging  hammers 

1381  George  Henry  Brookes,  Sheffield— Sliding  gas  pendants 

1382  Samuel  Ebrall,  Shrewsbury— Fire-arms 

1383  Thomas  Marsden,  Pemberton,  Wigan — Spinning  cotton 
13S4  Henry  De  Mornay,  Bayswater — Sewing  machines 

1385  T.  Richardson  and  M.  D.  Rucker,   Leadenhall   Street — Obtaining  compounds  of 

nitrogen 

1386  William  Davey,  Hackney — Purifying  coal  gas 

1387  Alfred  Vincent  Newton,  Chancery  Lane—  Screw  drivers. — A  com. 

1388  George  Read,  Slinford — Mauumotive  carriages 

13t9  William  Clark,  Chancery  Lane — Ornamentation  of  fabrics. — A  com. 

20th  May,  1865. 

1390  Cornelias  Varley  and  Samuel  Alfred  Varley,  Middlesex — Telegraph  supports 

1391  Charles  Bradley,  Oldham — Doubling  cotton. — A  com. 

13y2  William  Edward  Newton,  Chancery  Lane — Raising  oil. — A  com. 

1393  John  Ambrose  Coffey,  Gracechurch  Street — Distilling  apparatus 

1394  John  Martin,  North  Shields  — Steering  ships 

1395  William  Smith  and  George  Browne  Smith,  Kennington — Wet  gas  meters 

1396  William  Eddington,  Chelmsford — Laying  drain  pipes 

1397  E.  Attenburough,  S.  Mtllor,  and  G.  Blackburn,  Nottingham— Knitting  machines 

1398  Joseph  Armstrong,  Masbrow,  York— Permanent  way  of  railways 

22nd  May,  1865. 

1399  John  Wylie  and  James  Rew,  Glasgow — Paper  hangings 
14U0  Robert  Haswell,  Marylebone  Road — Chimney  pots 

1401  David  Powis  and  Henry  Brit'ain,  Birmingham — Wire  gauze 

1402  William  Edward  Gedge,  Strand — Safety  lock. — A  com. 

1403  Andrd  Gustave  Bitjorie,  Paris — Fire-arms 

1404  James  Shand,  Blackfriars  Road,  Surrey — Fire-engines 

1405  John  Henry  Johnson,  London— Freezing  liquids. — A  com. 
14U6  William  Hodson,  Spilsby — Locks. — A  coin. 

1407  James  Moore  Clements,  Birmingham— Sewing  machines 

1408  G   Furness,  Westminster,  and  J.  Slater,  Lambeth — Cutting  parts  of  piles 

1409  R.  Muller,  Dartford,  A.  T.  Weld,  Gravesend,  and  J.  Folliott,  Hyde  Park— Substi- 

tutes for  animal  charcoal 

1410  Comte  de  Fontainemoreau,  Paris — Lamps  for  burning  mineral  oils. — A  com. 

23rd  May,  1865. 

1411  Edward  M'Nally,  Manchester— Cutting  screws 

1412  Henry  Wilde,  Manchester — Electricity 

1413  Isaac,  William,  and  James  Holt,  and  Joseph  Maude,  Bolton — Dveing  cotton 

1414  Alexander  Hett,  London — Clays 

1115  Herman  Adler,  Primrose  Street— Clocks 

1416  Henry  Gibbs,  Hampstead  Road — Envelopes 

24th  May,  1865. 

1417  Thomas  Calvert  and  David  Montgomery,  Annan — Looms  for  weaving 

1418  Henry  Nunn,  Chelsea — Improved  mangle 

1419  Thompson  Beanland,  Leeds — Screw  gill  protector 

1420  John  Dale  and  Alfred  Paraf,  Manchester — Calico  printing 

1421  Henri  Adrien  Bonneville,  Paris — Hydraulic  cranes. — A  com. 

1422  Carl  Theodor  Moller,  Russia — Lamps. — A  com. 

1423  George  Ashcroft,  King  William  Street— Presses  for  cotton 

25th  May,  1865. 

1424  John  Ambrose  Coffey,  Gracechurch  Street — Gas 

1425  John  Ramsbottom,  Crewe— Hoops 

1426  John  Filth,  Sheffield—  Cast  steel  railway  tyres 

1427  David  Welsh,  Glasgow— Looms  for  weaving 
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ON  RECENT  IMPROVEMENTS  IN  CONTRACTORS'  PLANT. 

To  modern  men,  that  is  to  say,  to  the  most  civilized  and  learned  races 
of  man,  and  within  the  last  two  centuries  only,  belongs  the  power  and 
the  glory  of  having  conferred  motion  upon  insensate  matter,  and,  with 
motion,  obtained  command  of  the  force  that  produces  it — of  force 
detached  in  fragments  from  the  great  cosmical  machine  indirectly  and 
by  the  agency  of  pure  intellect,  as  distinguished  from  that  compelled 
by  the  action  of  the  will  from  our  own  muscles  or  from  those  of  others. 
Apart  from  this,  there  is  much  less  to  exalt  the  most  modern  over 
the  most  ancient  structural  engineering  than  is  commonly  supposed. 
Two  words,  in  fact,  comprise  the  germ  of  all  modern  engineering 
improvement — Coal  and  Steam.  However  long  and  devious  the 
previous  road  of  metallurgy  undoubtedly  was,  leading,  in  lapsed  succes- 
sive centuries  of  slow  progress,  through  minster  aisles  with  cunningly 
wrought  metal  screens  and  treillage  of  royal  tombs ;  through  the  shadowy 
and  charcoal-scented  shops  of  Milan  and  Toledo  armourers,  whose 
secrets  ot  art  had  devolved  to  them  from  beneath  the  black  tents  of 
Saracens  and  Moors ;  or  through  the  chemic-laden  atmosphere  of  the 
Rosicrucian  or  adept's  laboratory,  where,  full  of  imaginative  mystery  and 
superstition  he  tortured  nature  in  the  wish  for  gold ;  here,  or  whither- 
soever else  we  may  track  it,  metallurgy,  and  especially  that  of  iron, 
owes  its  great  achievements  to  the  modern  production  in-  plenty  of  pit 
coal.  Iron  and  coal  together,  have  given  us  steam  power,  and  every 
advance  that  we  hourly  make  in  the  many-sided  improvements  and 
applications  of  the  latter,  will  be  found  preceded  by  advances-  in  the 
manufacture  and  treatment  of  iron,  or  by  making  more  plentiful  or  by 
the  economizing  of  fuel.  At  this  moment,  who  shall  set  limits  to  or 
appraise  the  future  value,  of  what  steel  in  every  shape — in  masses  of 
any  size  and  as  cheap  as  iron — and  liquid  coal  fuel,  have  in  store  for  the 
coming  generation? 

In  enormous  magnitude,  in  grandeur-  of  conception,  and  all  that 
makes  majesty  and  perfection  in  execution,"  numbers  of  the  oldest 
monuments  of  the  world  contrast  favourably  with  our  latest  and 
greatest  engineering  works. 

The  tanks  of  India  and  Ceylon,  with  their  gigantic  bunch,  though  so 
old  that  the  very  names  of  the  men  who  planned  and  constructed  them 
are  often  unknown,  stand  advantageously  in  comparison  with  the  greatest 
reservoirs  ever  made  in  Europe. 

Before  the  Heraclidan  blood  was  known  in  Greece,  its  inhabitants 
had  drained  a  great  lake  district  by  a  tunnel  in  limestone,  the  ruins  of 
which  are  no  mean  competitor  to  that  of  Mont  Cenis. 

The  Cyclopean  masonry  of  Holyhead  or  Portland,  in  its  huge 
uncouth  and  grand  fifteen-ton  blocks,  is  excelled  by  that  which  sits 
unmoved  by  earthquake,  and  from  which  the  tool  marks  have  not  been 
removed  by  thirty  centuries,  in  the  walls  of  Baalbec  and  Tadmor. 

The  obelisks  and  lintels  of  Luxor,  of  Karnak,  of  Philse,  nay,  of  our 
own  Stonehenge,  are  of  blocks,  to  quarry  and  to  elevate  which  might 
make  a  reputation  even  now. 

At  Syracuse,  in  Greece,  in  Egypt,  we  find  the  quarries  out  of  which 
such  blocks  have  come,  wrought  with  as  much  or  more  skill,  and  upon 
as  vast  a  scale  as  those  of  Caen,  Portland,  or-  Peterhead. 

What  amongst  the  earthworks  or  masonry  of  our  own  railways,  or  of 
the  still  more  remarkable  works  of  some  of  those  of  Europe  or  of  India, 
can  we  point  to  in  magnitude  more  impressive  than  the  Birs  Nimrood, 
or  the  Pyramids  of  Thebes,  or  even  than  the  mighty  raths  of  Northern 
Europe,  or  the  terraced  mounds  of  Mexico,  Texas,  and  Central  America? 
And  to  pass  from  me-re  size,  to  evidence  of  skill,  may  not  the  tombs 
and  minars  of  India,  the  rock-sculptured  cave  of  Elephanta,  the  stately 
walls  of  Persepolis,  the  domed  treasury  of  Atreus  ;  or  in  far  later  days, 
the  aqueducts  and  bridges  of  the  Romans — Alcantara,  the  Pont  du  Gard,. 
the  Mole  of  Pozzuoli,  the  minster  towers  and  spires  of  mediaeval  Europe 
— match  the  best  that  we  have  done  to  day. 

Of  taste,  the  aesthetic  element  of  skill,  we  need  say  nothing.  The 
ancients  are  our  confessed  masters,  without  the  necessity  of  glass  domes 
and  the  "  Board  of  Trade"  order  to  prove  that  we  cannot  even  imitate 
them. 

It  is  then  in  no  spirit  of  the  mere  enthusiastic  laudator  temporis  acli, 
that  we  have  referred  to  these  somewhat  desultory  facts,  but  in  order 
to  point  out  more  distinctly  what  is  the  real  and  grand  characteristic 
difference,  between  the  structural  works  of  antiquity  and  those  of  the 
present  day,  as  the  fit  introduction  to  examining  upon  what  the  differ- 
ence itself  depends. 

THIRD  8EETS8.  —  VOL.  r. 


The  characteristic  difference  then,  we  say,  between  the  works  of  the 
ancient  engineers  and  architects  and  those  of  the  present  day  lies  in  the 
rate  of  the  execution  of  the  works  themselves  ;  and  this  arises  from  the 
substitution  of  the  machine  labour  of  our  days  for  the  manual  labour  of 
antiquity,  more  than  from  anything  else. 

All  that  the  most  powerful  and  richest  despot  of  antiquity  could  do 
to  expedite  the  progress  of  one  of  his  great  works,  public  or  private, 
was  to  heap  on  more  hands  upon  it.  Everything  was  done  by  human 
labour,  except  perhaps  drawing  water,  and  to  a  small  extent  conveying 
other  material,  by  the  help  of  draught  oxen. 

The  pages  of  Rosellini,  Lepsius,  Denon,  and  others,  have  revealed  to 
us  the  actual  processes  taken  from  bassi  rilievi  or  incised  monuments 
still  extant  of  granite,  by  which  enormous  blocks  of  stone,  such  as  the 
lintels  of  Philae  or  the  obelisks  of  Luxor,  were  brought  from  the  quarry. 
They  have  also  afforded  us  some,  though  incomplete,  information  as  to 
the  methods  by  which  these  huge  pieces  were  either  imposed  upon  their 
lofty  sideposts,  or  set  up.  on  end  as  monuments.  And  we  find  that 
methods  identical  in  all  respects  are  in  use  at  the  present  day  amongst 
the  native  architects,  masons,  and  labourers  of  Hindostan  ami  of  China. 
The  whole  process  consisted  in  highly  ingenious  and  complicated 
arrangements  for  adding  the  strength  of  one  man  to  that  of  another,  by 
a  system  of  reticulation,  cordage,  &c,  whereby  the  miserably  small  pull 
or  lift  of  each  man,  in  a  crowd  of  thousands,  got  linked  on.  to  all 
the  others,  until  at  some  final  point  the  pull,  or  the  lift,  was  enormous; 
just  as  the  car  of  Juggernauth,  with  its  enormous  load  of  fat  priests, 
and  Brahmins,  and  idols,,  is  dragged  with  its.  block  wheels  half  axle- 
deep  in  sandy  loam,  staggering  along  at  a.  trot,  by  a  whole  army  of 
men,  ending  in  four  cables  at  the  car;  and  just  as  blocks  of  ashlar 
stone  of  three  or  four  tons'  weight  are  carried,  as  a  matter  of  common- 
place labour,  by  Hindoos,  with  no  help  but  a  reticulation  of  bamboos, 
and  bamboo  and  other  cordage,  by  which  three  or  four  hundred  men's 
lifts  become  concentrated  on  the  block. 

Thus  bunds  were  heaped  up,  and  canals  dug  out  by  gathering  whole 
populations,  often  at  the  point  of  the  sword,  to  the  work ;  all  scratch- 
ing and  scraping,  and  carrying  their  baskets  of  earth  upon  their  heads, 
like  ants  in  an  ant-hill — a  method  of  earthwork,  by  the  way,  that  had 
not  gone  quite  out  of  vogue  eran  in.  France  in  the  early  days  of  Louis 
Philippe.. 

Slavery,  and  the  established  priest-sanctioned  custom  of  enslaving 
the  captives  of  war,  formed,  the  right  hand  of  this  system.  Thus 
Solomon,  wdien  he  got  to  work  at  his  Temple,  supplemented  his  own 
"hewers  of  wood  and  drawers,  of  water  "  by  such  conscripts,  obligingly 
sent  him  by  his  ally  King  Hiram.  Such  was  the  labour  that  built  in 
Asia  the  walls  of  China,  and.  the  wall. of  Severus  in  our  own  isle;  that 
drained  marshes  and  lakes,  formed  harbours,  built  aqueducts,  baths, 
colossseums,  theatres,  temples,  as  well  as  private  palaces  and  towers. 

Nor  was  the  system  very  much  different  that  in  past  Christian  times 
constructed  minsters,  monasteries,  and  castles,  for  feudalism  and  the 
superstition  and  barbarism  of  those  that  held  the  sword  was  directed  by 
the  churchman's  terrors,  and  villanage  supplied  the  gross  labour  of  hand, 
that  was  directed  only,  by  the  skill  of  the  freemason  and  the  monk. 

But  although  the  supply  of  human  beings  was  often  unlimited,  and 
their  sufferings  or  lives  utterly  disregarded,  and  an  ample  supply  possi- 
ble even  in  the  more  thinly  peopled,  regions  of  ancient  Europe,  as,  for 
example,  some  of  the  enormous  raths  of  Ireland  attest ;  yet  this  system 
had  its  limits.  As  respected  any  given  work,  even  a  canal  as  long  as  the 
ancient  one  from  the  Red  Sea  to  the  Mediterranean,  it  was  not  prac- 
ticable to  heap  upon  it  more  than  a  certain  multitude.  As  the  numbers 
approached  this  limit,  the  progress  due  to  each  new  hand  became  less 
and  less,  until  at  last  they  stood  in  each  others'  way,  and  the  final  limit 
was  reached  beyond  which  the  work,  could  not  be  expedited.  Besides 
this,  every  man  worked  as,  a  slave,  worked  without  heart  or  good-will, 
and  shirked  as  much  as  he  could  while  he  remained  in  health ;  and  when 
this  failed  him  he  perished  under  his  task-masters  and  was  forgotten. 

The  effect  was,  that  all  these  ancient  works  were  executed  not  only 
with  a  frightful  aggregate  of  human  misery  and  of  life  destroyed,  but 
their  execution  demanded  often  many  years — in.  some  cases  a  good  part 
of  a  century — of  more  or  less  interrupted  work — for  completion. 

There  was  yet  another  element  of  slowness  in  the  performance  of 
ancient  works — they  wanted  everything,  almost,  in  the  way  of  loco- 
motion. 

There  were  almost  no  roads.  The  huge  limestone  blocks — some  of 
which  may  still  be  seen  but  half  cut  out  or  detached,  in,  the  great 
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quarries  of  Syracuse — were  transmitted  to  the  several  adjacent  cities 
of  that  part  of  Magna  Gnecia,  over  the  rough  natural  surface  of  the 
flat-bedded  limestone  that  there  lies  bare  now,  as  it  did  thousands  of 
years  ago,  and  forms  the  surface  of  the  country,  and  in  which  for  miles 
we  can  now  trace  the  deeply  rutted  and  worn  grooves  made  by  the 
bullock  carts,  and  perhaps  in  some  cases  the  sledges,  upon  which  the 
stone  blocks  were  drawn  to  the  places  of  their  use.  Water  transport 
upon  rude  boats  or  rafts,  or  (applying  to  the  water  the  same  principle 
of  subdivision  as  with  the  labourers  and  bamboos  on  land)  with  very  large 
blocks,  by  means  of  numerous  floats  of  inflated  skins,  or  bundles  of 
hollow  reeds,  was  well  employed  upon  rivers  and  inland  waters ;  but 
maritime  navigation  was  precarious,  perilous,  and  feeble. 

Timber  must  be  had,  not  only  for  construction,  but  for  fuel ;  and  as 
forests  and  populous  regions  do  not  coexist,  must  have  been  brought 
from  long  distances,  even  when  brick-clay,  or  stone,  or  both,  were  found 
near  at  hand. 

It  is  difficult  to  estimate,  or  even  fully  to  imagine,  the  difficulties 
and  the  consumption  of  time  and  labour  that  arose  from  these  two 
conditions  of  ancient  engineering  works — no  machinery,  no  tools 
almost,  but  those  of  the  human  hand — and  every  natural  obstacle  to 
transport  still  unconquered. 

It  is  to  the  enormous  strides  that  have  been  made  within  only  a  few 
years,  in  the  creation  of  all  that  goes  by  the  name  of  "  contractors' 
plant "  (a  term  that  did  not  even  exist  in  the  first  years  of  this  century), 
on  the  one  hand,  and  to  the  immense  facilities  of  transport  by  sea 
and  land  for  material,  however  bulky  or  massive,  on  the  other — that 
the  rapidity  of  execution  of  modern  works  is  attributable. 

Both  of  these  have  come  mainly  from  the  use  of  steam  power.  The 
effect  has  been  already  to  compress  into  months  engineering  tasks,  that 
in  the  days  and  countries  of  the  Ptolemys,  of  Pericles,  of  the  Caesars, 
or  of  the  castle  and  cathedral-builders,  would  have  engaged  the 
labours  of  perhaps  twenty  times  the  number  of  hands,  and  occupied 
a  century  in  completion. 

But  much  more  has  been  gained  by  mankind  than  the  mere  power 
of  rapid  and  perfect  execution  by  these  great  triumphs  of  brain  over 
brute  matter.  The  labourer  has  been  emancipated  from  half  his  toil. 
Freedom  has  seconded  what  skill  has  pointed  out  by  making  the 
labourer  a  willing,  and  therefore  a  good  and  rapid  workman.  How 
different  the  lot  of  the  well-fed  and  clothed  European  navvy — as  he 
fills  his  heavy  shovelsful  of  "stuff"  with  his  brawny  arm  into  the 
barrow,  and  whirls  it  a  few  yards  to  where  it  is  seized  by  the  hooks  of 
a  chain,  and  swung  up  in  a  second  or  two  some  sixty  feet  above  his 
head,  and  decanted  into  the  "lorry"  that,  after  a  few  minutes,  will  be 
in  tow  of  a  locomotive,  and  shall  "  tip  "  its  load  perhaps  a  mile  away 
in  a  few  minutes  more, — from  the  subject  of  the  Pharaohs,  who  fulfilled 
for  him  like  functions,  with  no  help  but  that  of  a  basket! 

How  different  the  labourer  or  the  mason  now,  at  the  bottom  of  a 
coffer-dam,  pumped  by  steam,  "  tight  as  a  bottle "  in  the  sides — no 
waiting  for  material,  down  it  comes  at  a  rate  as  if  it  were  falling ;  no 
fear  of  sides  giving  in,  they  are  all  squared  timber,  they  are  or  may  be 
of  iron — from  their  predecessors  even  in  the  days  of  Perronet,  Belidor, 
and  Louis  le  Grand,  as  we  see  them  struggling  with  the  water  in  coffers 
chiefly  of  round  timber,  leaking  at  innumerable  holes,  baling  out  with 
baskets  (literally  baskets,  which  were  found  on  the  whole  the  best 
vessels  to  bale  with),  or  turning  round  the  winch  of  an  Archimedes 
screw,  while  the  mason  tried  to  set  stone  elbow-deep  under  water,  or 
waited  for  his  material  in  the  water  to  his  knees,  while  it  was  carried 
down  to  him  by  gangs  of  forcats,  along  slippery  wet  gangway  planks ; 
and  all  worked  in  the  constant  fear  of  being  drowned. 

In  a  word,  everything  that  relieves  the  man  who  labours  from  the 
severity  of  his  toil,  and  enables  him  to  do  his  duty  and  earn  his  wages 
with  a  cleaner  as  well  as  a  less  exhausted  body,  elevates  him  more  in 
the  scale,  towards  that  which  is  the  highest  type  of  his  species,  the 
man  whose  duty  and  function  it  is  to  labour  with  brain  rather  than  with 
body;  and  at  the  same  time  enables  him  better  and  quicker  to  perform 
such  bodily  labour  as  he  must  do. 

Contractors'  plant,  as  we  now  call  it,  or  all  those  machines  that 
appertain  to  the  execution  especially  of  earthwork  and  masonry  above 
or  under  water,  is  almost  the  creation  of  this  century,  and  its  advance 
has  been  rapid  beyond  example  during  the  last  fifteen  or  twenty  years. 

The  great  French  engineers  of  the  eighteenth  century,  two  of  whom 
we  have  just  named,  did  a  good  deal  to  improve  the  rude  machines 
they  found  in  use.     What  these  were  between  the  end  of  the  fifteenth 


and  that  of  the  seventeenth  centuries,  we  ma}'  see  in  part  in  the  grand  old 
woodcuts  of  Agricola  "  De  re  Metallica,"  in  the  "Architettura"  of  Leon- 
battista  Alberti,  who  wrote  in  1505  ;  and  in  the  old  cranes  and  crabs 
of  timber  that  still  surmount  many  old  minster  towers  in  German}',  as 
well  as  that  of  the  Dom  of  Cologne. 

But  timber  was  almost  the  only  material  available  to  the  great  engin- 
eers and  architects  of  France  of  a  hundred  years  ago.  Iron  was  scarce 
and  dear,  and  in  a  mass  greater  than  that  of  an  anchor  or  the  axle  of  a 
country  waggon  (which  itself  was  fagotted  up  at  the  smith's  hearth 
to  perhaps  three  inches  diameter,  out  of  three-quarter  forged  bars,  made 
by  the  old  Catalan  process  and  by  charcoal),  it  was  not  to  be  had. 
Hence  the  cranes,  and  crab  purchases,  and  pile  engines  were  almost 
wholly  of  timber — hard  wood  trenailed  together. 

The  cranes  were  destitute  of  iron  spur  gear ;  power  was  obtained 
simply  by  the  rope  wound  round  a  wooden  axle,  with  or  without 
a  purchase  block,  and  the  power  of  the  men  was  most  commonly 
applied  by  means  of  the  "  walking  wheel,"  a  dangerous  though  effective 
contrivance  ;  for  if  the  load  by  surging  or  in  any  other  way  for  a  moment 
overpowered  the  men,  they  were  carried  round  in  reverse  with  resistless 
velocity,  and  not  uufrequently  killed. 

There  were  two  plans  chiefly  in  vogue  for  this  sort  of  human  mouse 
mill ;  in  one  of  the  most  common,  they  were  put  inside  a  large  cylindric- 
spoked  lanthorn,  as  in  that  ingenious  toy  above;  in  the  other,  they 
walked  up  a  circular  flat  annular  track,  with  radial  "  cleats  "  upon  it — 
the  axle  of  rotation  of  which  was  set  at  an  angle  of  about  30°  to  the 
vertical,  and  which  axle  was  the  rope  barrel. 

Of  the  former  plan  numerous  examj)les  may  still  be  seen  at  Toulon, 
at  Cette,  Marseilles,  &c,  and  other  parts  of  France,  applied  to  gabbaris 
de  dragite,  or  dredge  barges ;  in  each  of  which  there  are  two  walking 
wheels — one  to  give  the  horizontal,  and  the  other  the  lifting  motion,  to 
the  dredging  spoon. 

The  timber  sawmill  was  but  barely  coming  into  use ;  and  as  there 
was  no  power  to  apply  to  it  but  horses,  or  oxen,  or  water-power,  it 
could  rarely  be  used  upon  the  spot  where  engineering  works  were  in 
progress.  Foreign  colonial  squared  timber,  of  which  we  possess  such 
a  limitless  supply,  was  nearly  unknown.  Norway  spars  were  some- 
what in  use,  but  were  dear,  and  when  of  full-sized  timber,  very  clear. 

Hence  native  timber — more  commonly  beech,  oak,  chestnut,  and  such 
hard  woods,  with  poplar,  aspen,  salix,  and  like  untrustworthy  stuff,  and 
almost  all  in  the  round,  unless  where  squaring  up  by  the  pit  sawyer 
was  indispensable — were  those  only  at  the  engineer's  command. 

His  scaffolding  partook  of  the  same  character.  Round  timber  and 
rope  lashings,  such  as  still  lingers  amongst  us,  though  with  far  better 
poles  than  Belidor  could  command,  constituted  his  only  resource  even 
for  the  loftiest  structures.  Many  old  architectural  engravings  and 
some  paintings  indicate  that  even  this  was,  either  from  economy  or 
of  necessity  from  its  unsafeness,  dispensed  with  frequently  in  very  lofty 
buildings,  and  the  work  carried  on  "  overhand  "  or  from  small  hanging 
scaffolds — the  materials  being  hoisted  from  certain  points  on  to  the  top 
of  the  work  in  progress. 

In  the  fine  engravings  of  Rondelet's  "  L'Art  de  Batir  "  may  be  seen 
the  complicated  combination  of  framing  and  of  horizontal  rope  capstans, 
or  axles,  sixteen  in  number,  all  intended  to  work  together,  by  which  the 
great  blocks  of  stone  for  the  old  front  of  the  Louvre  were  raised  into 
their  places;  and  also  the  prodigious  mass  of  framing  and  cordage  by 
which  with  difficulty,  the  great  Egyptian  obelisk  was  set  on  end  at 
Rome,  in  front  of  St.  John  Lateran. 

The  most  powerful  single  hoisting  or  dragging  machine,  in  fact,  pos- 
sessed by  the  engineer  during  the  eighteenth  century  appears  to  have 
been  a  highly  ingenious  double  capstan,  consisting  of  two  vertical  wood 
axles  working  in  a  timber  frame,  held  in  place  by  cordage  fastened  to 
a  pile  or  the  like ,  both  axles  were  grooved  round  the  circumference  at 
equal  intervals,  in  six  or  eight  places,  and  one  of  the  two  had  a  pro- 
longed head  fitted  with  capstan  bars.  The  tackle  fall  rope  was  wound 
into  the  grooves  and  round  both  axles,  just  as  it  would  be  into  purchase 
blocks ;  and  the  effect  on  turning  the  capstan  axle  was  to  turn  through 
the  intervention  of  the  rope  the  other,  and  the  power  obtained  waa 
to  the  resistance  considered  as  unity,  as  one  divided  by  the  number 
of  times  the  rope  was  doubled  round  both  barrels.  The  diving  bell 
was  as  yet  unemployed  as  an  engineering  tool ;  diving  helmets,  &c, 
were  unknown,  except  as  a  philosophical  speculation.  The  pile 
engine  was  rarely  employed  in  any  other  form  than  that  of  the  old 
"  ringing  engine,"  in  which  it  was  proved  that  the  pull  of  each  man, 
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workiug  eight  hours  a  day,  could  not  exceed  about  12  pounds  French. 
Mortar  was  all  made  by  hand  labour.  The  lime  and  brick  were  burnt 
with  wood.  TJuwatering  was  performed,  as  has  been  noticed,  either 
by  baling  in  baskets,  by  the  Archimedean  screw,  by  a  chain  of  buckets 
(Noria),  or  by  square  draw  pumps  worked  by  men  in  a  sitting  posture. 
All  transport  was  b\r  wheels  or  skids,  on  scarcely  made  tracks,  or  over 
the  rough-paved  chaussee,  whose  round-topped  blocks  were  a  foot 
across. 

Such  was  engineering  plant,  at  well  nigh  the  end  of  the  last  century, 
in  France,  and  we  were  not  at  all  in  advance  of  our  neighbours. 
Smeaton  in  our  own  country  had  done  a  little — but  a  very  little,  to 
improve  it.  He  designed  improved  double-sheaved  purchase  blocks 
for  hoisting  the  heavy  blocks  of  the  Eddystone  lighthouse — in  which 
the  sheaves  were  metallic,  and  the  cheeks  made  of  lignum  vita: ;  but 
the  Eddystone  itself  was  altogether  built  by  means  of  derricks,  the  two 
legs  of  which  were  hinged  at  the  base,  so  that  the  head  could  throw  in 
and  outwardly.  The  first  great  improvement  on  the  special  plant  for 
lighthouse  building  was  due  to  the  elder  Stevenson  (of  Scotland),  in 
the  balance  crane  employed  with  such  success  by  him  and  by  his  sons, 
at  the  Bell  Rock  and  the  Skerryvore  lighthouses. 

To  John  Rennie,  and  in  a  minor  degree  to  Telford,  is  due  the  first 
great  advances  made  in  engineering  plant.  Roebuck,  and  the  other 
great  Scotchmen  his  contemporaries  and  coadjutors,  had  made  Carron, 
and  Carron  had  made  cast  iron  plentiful  and  good.  Wrought  iron  had 
come  to  be  rolled  into  bars  and  plates,  and  had  also  got  plentiful  aud 
cheap.  Moulding  in  green  sand  had  got  well  known,  and  the  smithy 
was  already  beginning  in  a  few  places,  such  as  atBedlington  and  Gates- 
head, to  deal  with  larger  forged  bars  and  slabs — as  yet  there  was  no 
thought  of  masses — than  had  hitherto  been  produced. 

The  millwright  skill  of  John  Rennie  combined  all  these  powers,  spread 
before  him,  with  the  intuitive  power  that  was  his  own,  and  at  once  made 
a  new  epoch  in  the  production  of  cranes  and  hoisting  tackle  of  all  sorts. 
Many  of  these  cranes  erected  in  Rennie's  early  dock  works  are  even 
at  this  moment  models  of  mechanical  excellence  and  beauty — such,  for 
example,  as  he  designed  for  the  custom-house  stores  and  docks  of 
Dublin.  The  largest  of  these  hoists  ten  tons,  and  probably  would  be 
safe  at  five  more,  although  the  jibs  and  spurs  are  all  of  cast  iron,  and 
run  in  a  single  casting. 

In  his  water  works  he  found  the  want  of  the  diving  bell,  and  although 
Smeaton  had  employed  it  at  Ramsgate  harbour,  and  designed  some 
special  crane  tackle  to  carry  and  move  it,  in  Rennie's  hands  it  became 
a  new  creation.  The  bell  itself  was  cast  in  iron,  ponderous  enough  to 
hang  steadily  and  with  the  weight  rightly  disposed,  and  with  well  con- 
structed air-pumps.  For  its  moving  gear  he  designed  the  horizontal 
frame  and  traveller,  or  overhead  crane — that  form  of  hoisting  gear  which 
has  been  so  fertile  in  other  and  important  applications — and  the  employ- 
ments and  magnitude  of  which  seem  scarce  to  have  limits.  Coffer-dam 
work  in  his  hauds  assumed  highly  improved  forms  and  details,  as  did 
also  bridge  or  arch  centering — in  both  taking  full  advantage  of  the  free 
supply  of  foreign  or  colonial  squared  timber  that  we  bad  secured. 

Unwatering  was  no  longer  done  by  hand  labour,  nor  by  any  of  the 
antiquated  machines  ;  lifting  pumps  of  large  size  truly  bored,  with  hemp 
packed  plungers  and  leather-faced  or  metal  valves,  and  slowly  worked 
by  steam,  supplanted  all  these.  The  railway,  or  tramway  rather,  began 
to  be  used  by  Telford,  and  Rennie  also,  for  moving  material — and 
various  devices  began  to  be  employed  for  hoisting  up  stuff  when  requir- 
ing to  be  removed  from  deep  excavations,  and  the  like.  The  horse 
walk — in  which  the  loaded  barrow  was  hooked  on  direct  to  a  rope, 
which  was  pulled  by  a  horse  on  the  bank,  in  a  direction  parallel  to  the 
inclined  plane  up  which  the  labourer  guided  the  barrow — was  largely 
employed  by  Telford,  and  soon  got  common. 

The  same  animal  power  was  used  for  a  direct  hoist  by  Rennie  in 
several  places,  and  at  a  later  period,  viz.,  at  the  St,  Katherine  Docks. 
The  stuff  was  hoisted  in  the  filled  waggons,  which  were  run  from  off 
the  tramways  in  the  bottom  of  the  excavation  on  to  a  fiat  platform,  the 
base  of  which  was  mounted  on  four  wheels,  set  at  the  angle  of  slope  of 
the  inclined  railway  up  which  the  frame  and  waggon  upon  it,  were 
drawn  by  a  rope  moved  by  a  high  pressure  steam  engine — relieved  in 
part  by  lowering  down  on  another  platform  of  the  same  sort  the  empty 
--•on. 

In  quarrying  operations  those  two  great  men  effected  immense 
improvements.  The  work  of  blasting  and  dressing  in  the  quarry  was 
systematized,  and  weigh  bridges  established  to  keep  tale  of  delivery. 


Derrick  cranes,  occasionally  with  shifting  jibs,  were  set  up;  and  at 
the  great  quarries,  opened  and  wrought  for  years  for  Howth,  Kingstown, 
and  other  harbours  or  breakwaters,  double  tramways,  with  lowering 
apparatus  for  the  full  waggons,  were  established,  which  also  pulled  up 
the  empty  ones.  These  at  Killiney  granite  quarries  (Kingstown  har- 
bour) extended  over  some  miles  between  the  quarry  and  the  pier  heads. 
The  traveller,  or  "setting  frame,"  as  it  was  then  called,  had  become 
an  established  machine  for  all  large  works  in  masonry,  before  even 
George  Stephenson  began  his  earliest  railway.  And  this  had  involved 
rows  of  piles,  carrying  continuous  ledgers  of  squared  timber,  in  which 
la)'  the  germ  of  all  our  modern  scaffolding. 

In  all  the  bridges  constructed  over  the  Shannon  in  Ireland,  a  quarter 
of  a  century  ago,  by  William  Mackenzie,  travellers  were  established 
upon  double  lines  of  pile-supported  ledgers  that  spanned  right  across 
that  great  river. 

The  great  advance  of  modern  scaffolding  of  squared  timber  as  now 
employed,  was  undoubtedly  produced  by  the  firm  of  Grissell&Co.,  in  the 
workmanlike  framing  they  erected  for  the  building  of  the  Nelson  column 
in  Trafalgar  Square — an  account  of  which  will  be  found  in  the  minutes 
of  "Proceedings  of  the  Institute  of  Civil  Engineers  of  London,"  vol.  iii. 
This  construction  of  scaffold  has  done  more  than  almost  any  single 
advance  in  enabling  other  great  improvements  in  building  tackle  to  be 
superimposed  upon  it.  While  the  old  ricketty  round  pole  and  rope 
scaffolding  remained,  nothing  could  be  rested  upon  it,  and  it  often  broke 
down  under  the  mere  weight  of  bricks,  mortar,  and  men ;  the  two 
former  being  wholly  carried  up  by  "hodmen"  and  ladders.  Firmer 
scaffolding  admitted  and  partly  suggested,  the  mechanical  hodman,  or 
continuously  moved  double  vertical  chain,  with  rounds  of  iron  upon 
which  the  hods  when  loaded  were  hooked  on.  This  was  an  early  form 
of  a  steam  hoist,  though  we  believe  it  was  originally  moved  by  men  at 
winch  handles. 

The  West  India  Docks  presented  a  noble  field  for  Rennie's  genius  to 
expatiate,  and  in  the  mahogany  sheds  he  applied  the  overhead  crane 
or  traveller,  placed  in  the  framed  timber  roofs,  in  the  happiest  manner 
for  turning  over  the  logs.  This  was  certainly  one  of  the  very  earliest 
applications,  upon  a  large  scale,  of  this  form  of  hoisting  apparatus. 

Hitherto  and  so  far,  however,  all  machine  tools  that  appertained  to 
the  contractor's  works — i.e.,  to  earthworks  and  masonry,  were  hand 
wrought.  Many  minds  saw  clearly  enough,  probably,  that  steam  power 
might  be  very  valuable  as  a  substitute  for  men — if  it  could  be  had  ;  but 
in  1840  the  steam  engine  was  still  chiefly  thought  of  as  a  ponderous  affair 
to  be  rooted  to  the  freehold  soil  somewhere,  and  to  deliver  forth  its  giant 
power  for  years  after  its  plantation  at  the  one  spot. 

Many  had  dimly  seen  that  the  steam  engine  might  be  reduced  almost 
to  the  dimensions  and  the  simplicity  of  a  tea  kettle,  and  that  it  would 
some  day,  in  such  a  shape,  become  the  slave  of  man,  and  supplant  his 
own  muscles  in  almost  every  form  of  his  task-work. 

Gough  of  Manchester,  and  a  few  others,  chiefly  in  Lancashire  and 
Lanarkshire,  soon  began  to  realize  these 
visions,  and  it  is  to  the  high  credit  of  the 
maker  named,  that  the  largest  proportion 
of  the  small  portable  "  coffee  pot "  engines 
which  now  meet  us  at  every  side,  doing 
all  sorts  of  work,  are  almost  identical  in 
construction  with  those  he  intioduced  to 
the  world  and  made  a  great  trade  of,  now 
just  a  quarter  of  a  century  ago. 

At  a  later  date,  the  locomobile  became 
the  creation  of  the  agricultural  engineers, 
and  now  it,  also,  has  been  pressed  into  the 
service  of  the  contractor,  with  advantages 
of  which  we  only  recognize  as  yet  the 
beginning. 

The  conjoint  effect  of  these  two  forms  of 
portable  high-pressure  engine  has  been  that 
an  immense  proportion  of  labour  which  a 
few  years  ago  was  paid  for  in  wages,  is  now 
paid  for  in  coals  mainly,  and  at  a  saving  in  fcjji 
total  cost,  the  coefficient  of  which  the  con- 
tractors on  the  large  scale  who  have  fully  _ 
employed  them  know  best. 

The  general  type  of  the  Gough  form  of  portable  engine  is  seen  in  fig. 
1,  as  it  is  made  by  Messrs.  A.  Chaplin  &  Co.,  of  Glasgow,  and  by  many 
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others.  In  calling  it  the  Gough  form,  we  do  not  at  all  mean  to  affirm 
that  Gough  was  certainly  the  very  earliest  to  see  the  advantages  of  this 
simple  form  of  boiler  and  engine  combined ;  on  the  contrary,  as  to 


Fig.  2. 


the  boiler,  we  "know  of  several  anticipations  of  the  form,  but  he  was, 
we  think,  the  first  to  make  the  form  a  marketable  commodity  upon  a 
manufacturing  scale. 
Here  in  fig.  2,  we  have  it  upon  a  wheeled  carriage,  already  become 


portable,  and  applied  to  a  crab  purchase,  which,  as  the  dotted  lines 
show,  may  be  transmuted  easily  into  a  moderate-sized  portable  crane. 
And  here,  in  fig.  3,  we  have  it  couTerted  into  a  6team  crane  in  the 


Fig.  4- 


full  sense,  traversing  along  upon  a  tramway,  revolving  upon  a  vertical 
axis,  with  a  shifting  jib  and  hoisting  power ;  all  these  movements  at 
the  command  of  the  man  who  stands  upon  the  little  footplate  behind, 
and  handles  the  levers  by  which  the  steam  slave  obeys  him. 


It  was  but  a  step  more  to  convert  this  engine  into  a  contractor's 
locomotive,  as  we  have  it  in  fig  4,  simple,  cheap,  and  sufficient.  Nor 
yet  were  its  adaptabilities  exhausted,  for  by  adding  some  gear  and 
larger  driving  wheels,  and  greater  weight  for  adhesion,  we  have  in  fig.  5 
the  traction  engine  for  contractors'  use,  capable  of  being  equally  well 


Fig.  5. 
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employed  by  help  of  the  drums,  shown  in  dotted  lines,  for  any  other 
purpose,  when  traction  is  not  demanded  of  it.  We  have  seen  one  of 
these  engines  driving  a  large  circular  saw,  while  its  companion  was 
bringing  stone  out  of  a  quarry,  and  putting  it  ou  to  the  carts  that  were 
to  carry  it  away.  For  other  purposes  the  boiler,  though  still  retaining 
the  vertical  or  "  coffee  pot "  form,  is  detached  from  the  engine,  and  the 
latter  beeomes  applicable  to  endless  purposes. 

Here,  in  fig.  6,  is  a  steam  crab  purchase,  the  production  of  Appleby 
Brothers,  contractors'  engineers  (our  readers  will  see  there  has  actually 
sprung  up  a  new  trade  with  a  new  title),  of  London.      It  has  two 

Fig.  6. 


cylinders,  two  engines  in  fact,  of  unitedly  four  horse  power,  and  can  be 
used  to  hoist  anything,  from  bales  out  of  a  ship's  hold,  or  out  of  carts  and 
into  store  lofts,  to  bricks  out  of  a  barge  and  into  a  coffer-dam,  or  to  raise 
the  ram  of  a  pile  engine,  to  which  latter  use  it  is  extensively  employed. 
Steam  crabs  of  this  sort  may  be  seen  at  work,  by  the  dozen,  at  present 
on  the  coffer-dams  of  the  Thames  embankment,  and  nothing  can  afford 
a  more  striking  contrast,  nor  read  a  more  forcible  lesson  as  to  the  value 
of  steam  labour,  than  the  pile  engines  to  which  these  have  been  applied 
present,  in  the  rapid  recurrence  of  their  stroke,  when  compared  with 
the  tardy  blows  given  by  a  pile  engine  worked  close  beside,  by  a  gang 
of  sturdy  navvies.  Two  blows  a  minute  is  not  above  the  rate  of  the 
one;  one  blow  in  four  or  five  minutes  the  best  the  latter  can  do,  with 
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equal  weights  and  lifts.     la  fig.  7,  one  of  these  steam  crabs  is  seen  in 
application  to  a  pile  driver. 

Another  form  of  pile  engine  has  also  come  largely  into  use,  in  which 
continuous  motion  is  given  by  the  little  engine  to  an  endless  chain 
passing  over  and  under  sheaves  at  the  top  and  bottom  of  the  framing. 
The  catch  or  detent  of  the  ram  is  made  to  fall  in  by  a  hook  at  any 
one  of  the  cross-pins  or  rounds  of  the  double  flat-linked  chain,  and 
having  been  carried  up  to  the  desired  height  is  as  easily  detached  for 
its  blow,  either  by  the  automatic  pull  of  a  cord,  whose  length  is  fixed 


and  its  end  made  fast  to  the  framing,  or  by  one  or  other  of  the  well- 
known  modes  of  releasing  the  "  monkey  hook  "  of  the  ram.  The 
steam  crab  is  powerful  enough  to  "  pitch  the  pile"  in  its  place,  and  it 
can,  without  even  detaching  from  the  base  of  the  pile  engine,  be  employed 
at  various  sorts  of  occasional  drudgery;  and  after  all  pile  driving  upon  a 
large  job  is  over,  these  crabs  may  be  actually  employed  as  small  engines 
and  used,  when  detached,  to  drive  mortar  pans,  or  vessels  to  mix  con- 
crete, &c,  &c,  or  for  saw  benches,  or  for  pumping. 

Not  does  this  exhaust  the  repertoire  of  their  possible  performances. 
While  we  write,  the  whole  operation  of  spoon-dredging  upon  a  powerful 


scale  may  be  seen  rapidly  and  easily  going  on,  with  the  help  of  three  or 
four  men  only,  upon  the  staging  between  Waterloo  Bridge  and  Hunger- 
ford,  on  the  Thames  Embankment  works.  A  small  wooden  jib  crane 
that  swings  easily  round,  with  a  short  jib,  is  placed  in  front  of  the  crab 
and  boiler.  Upon  a  stage  some  40  or  50  feet  in  front  is  placed  the 
man  who  hitches  the  pole  of  the  bag  or  spoon  dredge.  The  latter  is 
lowered  and  dragged  and  hoisted  by  the  steam  crab,  and  by  it  capsized 
into  the  shoot,  which  delivers  the  material  dredged  up  into  the  barge 
floating  alongside.  One  man  attends  the  crab,  one  hitches  the  pole, 
'two  attend  the  dredge,  and  one  manages  the  barge.  The  operation 
goes  on  with  beautiful  rapidity  and  ease. 

While  referring  to  steam  dredging  we  must  not  omit  to  notice  the 
patent  steam  dredging  and  excavating  machine  of  Messrs.  Furness  & 
Slater,  which  is  employed  with  great  advantage  upon  the  Thames 
Embankment  works,  for  dredging  out  the  river  bed  (between  the  two 
rows  of  piles  of  the  coffer-dam)  down  to  solid  clay,  and  for  other  pur- 
poses. 

The  machine  is  illustrated  in  fig.  8.  It  is  a  far  more  powerful 
instrument  than  the  spoon  dredge,  and  in  the  above  work  it  takes  out 
from  a  depth  of  about  40  feet  between  30  and  40  cubic  yards  of  material 
per  hour,  discharging  it  into  the  barge  alongside;  the  labourers 
employed  upon  it  being  two  men  and  the  engine-driver,  and  the  fuel 
consumed  under  half  an  hundredweight — that  is  to  say,  40  cubic 
yards  taken  out  for  about  as  many  pence.  The  whole  machine,  as  may 
be  seen,  travels  along  upon  the  staging,  and  it  may  be  taken  off  and  fixed 
upon  a  floating  barge,  and  so  become  a  common  steam  dredge. 

The  engine  is  attached  to  the  main  framing  of  the  machine,  and  the 
boiler  is  placed  in  any  convenient  position.  For  working  upon  a  stag- 
ing, the  whole  is  mounted  on  a  truck  which  travels,  and  can  readily  be 
moved,  either  longitudinally  or  transversely,  on  a  gantry  similar  to  those 
used  for  an  ordinary  overhead  travelling  crane,  and  which  can  usually 
be  made  of  sufficient  span  to  take  the  whole  of  the  excavation.  The 
jib,  or  ladder  for  carrying  the  buckets,  is  in  the  form  of  a  telescope  slide, 
and  may  be  elongated  as  the  work  progresses  to  any  required  length  up 
to  40  or  50  feet.  It  is  hung  underneath  the  machine  on  a  centre  pin ; 
consequently  the  ladder  and  buckets  can  easily  be  radiated  while  at 
work  either  to  the  right  or  left  hand,  and  will  reach  very  contracted 
places,  or  take  a  long  face  of  work  as  required.  In  excavating  clay  or 
other  intractable  strata  there  has  hitherto  been  considerable  difficulty 
in  discharging  the  buckets,  but  in  this  machine  there  is  a  -self-acting 
arrangement,  which  entirely  empties  each  bucket  as  it  arrives  over  the 
shoot,  which  conveys  it  into  the  barge  or  waggon  beneath. 

As  the  main  drainage  in  towns  is  at  the  present  time  greatly  on 
the  increase,  the  inventors  have  especially  adapted  this  machine  (with 
some  slight  modifications),  as  a  filth  hoist,  at  pumping  stations,  for 
elevating  the  sewerage  from  low  level  to  high  level,  there  being  always 
a  considerable  deposit  that  pumps  will  not  bring  up. 

Then  we  have  sundry  and  divers  forms  of  hoisting  and  lowering 
apparatus,  all  congregating  in  one  shape  or  another  round  the  "  coffee 
pot."  Here  is  a  steam  crane  travelling  upon  staging  or  tramway,  with 
a  jib  to  swing  three-quarters  of  a  circle  by  hand  (fig.  9),  made  of  all 
powers  from  four  to  eight  horse-power,  and  to  lift  from  one  to  three  or 
four  tons.  They  may  be  seen  at  work  on  the  Thames  embankment 
near  Westminster  Bridge,  taking  bricks  out  of  barges  and  dropping 
them  down  into  the  coffer-dam  for  use — literally,  "  like  bricks." 

In  this,  as  in  almost  every  other  case,  the  little  engine  has  not 
served  its  time  to  hoisting  only.     The  crane  jib  and  upright  can  be 
taken  off,  and  the  engine  will  drive  anything  that  requires  to  be  turned 
round,  or  moved  backwards  and  forwards,  if  within  its  power. 

In  fig.  10  we  have  a  more  powerful  and  larger,  as  well  as  more 
complex  class  of  tool,  of  which  several  fine  examples  are  now  at  work  in 
London — and  some  with  plate-iron  jibs  in  place  of  timber,  as  in 
tl>e  figure. 

This  crane  has  two  cylinders,  fitted  with  link-motion  for  reversing, 
single  and  double  purchase- gearing,  and  the  radiating  motion  can  be 
given  in  either  direction,  without  stopping  or  reversing  the  engine,  and 
the  lifting  and  radiating  motion  can  both  be  at  work  at  the  same  time. 

The  jib  is  so  arranged  that  the  radius  may  be  increased  or  decreased 
by  altering  the  length  of  the  tie  rods. 

The  pull  is  taken  off  the  cap  of  the  column  by  a  wheel  working  on  a 
conical  surface  on  the  column. 

The  boiler  forms  a  counterbalance  to  the  load,  and  extra  counter- 
balance weights  are  placed  behind  the  boiler  when  the  heaviest  loads 
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are  lifted ;  the  boiler  is  fitted  with  all  necessary  mountings,  a  water 
tank,  and  a  Giffard's  patent  injector,  which  feeds  the  boiler  whilst  the 
engine  is  standing. 

These  are  right  well  designed  tools,  and  safe  at  a  lift  of  five  tons. 
They  may  be  made  with  derrick  jibs  if  desirable,  and  employed  for 
setting  heavy  ashlar  work,  or  the  like.  There  appeared  to  us  but  one 
slight  objection  to  them.  The  construction  of  the  two  diagonal  back 
stays  is  such,  that  the  engine  driver  is 
hampered  in  his  position;  and  in  the  event 
of  a  breakage,  involving  the  pitching  for- 
ward of  the  whole  crane,  he  is  almost 
certain  to  be  killed.  Crane  work  of  all 
sorts,  even  in  the  most  skilful  hands  and 
from  the  best  makers,  is  so  liable  to 
accident,  that  abundant  foresight  ought 
always  to  be  bestowed  upon  providing  the 
best  chance  of  escape  to  those  about  them, 
in  the  event  of  breakage. 

By  its  conjunction  with  these 
engines  the  setting  frame,  or 
travelling  crane,  has  received  its 
completing  touch. 

In  fig.  11  an  overhead  travel 
ling   steam   crane  is   shown,  of 
which  pattern  several   are  em- 
ployed by  Messrs.  Thorn 
Co.,   upon   the   new 
Blackfriars  Bridge  works. 
These  are  made  chiefly 
in  two  sizes,  for  five  and 
for  ten  tons   lift.     The 
engine  in  place  of  being 
stationary  as  respects  one 
end  of  the  traveller,  as  in 
the    following,    fig.    12, 
moves  together  with  the 
load  and  hoisting 


all  the  motions  are  direct,  and  the  snatch  b'ock  and  jenny  block  are 
dispensed  with  (which  some  authorities  prefer);  the  engines  are  fitted 
with  single  and  double  purchase-gearing,  case-hardened  link  motion  for 
reversing,  strap  break  with  foot  lever  and  pawl,  to  hold  the  load  sus- 
pended when  required ;  the  longitudinal  and  transverse  travelling  motions 
are  driven  by  sets  of  friction  clutches,  so  that  without  stopping  or  revers- 
ing the  engines,  the  load  may  be  lifted  and  traversed  longitudinally  and 
transversely  all  at  the  same  time,  and  the  levers  are  all  under  the 
immediate  control  of  one  man. 

Fig.   12  shows  a  more  powerful  form  of  traveller,   and  in  some 

respects  a  much  better  and  safer  one.     In  this  the  engine  and  gear  are 

placed  at  one  end  of  the  gantry,  directly  over  the  vertical  piles,  so  that 

I  the  gantry  is  relieved  of  the  load  of  the  engine,  boiler,  and  gear, 

and    need    only    be    made    sufficiently 
strong  to  carry   the   load    to  be  lifted, 
and  there  is  less  cross  vibration  on  the 
piles  than  when  the  crab  travels  trans- 
versely.    There  are  two  chain   barrels 
of    equal    diameter   driven    by    doublet 
purchase-gearing  ;  when  raising  or  lower- 
ing the  load,  both  chain  barrels  revolve 
in  the  same  direction  with  each  other, 
and    the  cross  motion  of  the  jenny 
block    is -obtained    by   running    the 
chain  barrels  in  opposite  directions 
to  each  other. 

The    engine    is    fitted    with 

link-motion,    so   that    the   load 

be  lowered  by  steam,  or  by 

the  break,  at  pleasure.    A  set 

of  mitre  wheels  on  the 

engine   shaft,    and    a 

worm  and  wheel  at  the 


oher  end  of  the  vertical  shaft,  gives  the  longitudinal  motion  for  travel- 
ling the  gantry  in  either  direction,  without  reversing  or  stopping  the 
engine,  so  that  the  load  may  be  lifted  and  travelled  diagonally  at  the 
same  time. 

This  form  is  also  at  work  at  Blackfriars'  new  bridge,  and  appears 
proportioned  for  a  lift  of  about  ten  tons ;  but  the  size  on  this  design 
might  be  considerably  increased,  and  in  that  case,  if  not  in  all,  it  would 
be  a  decided  improvement  to  substitute  boiler  plate  girders  for  the 
wood  ones  of  the  gantry  and  end  frames. 

The  late  Mr.  Evans,  the  able  contractor  for  the  Conway  Bridge  on 


the  Chester  and  Holyhead  line,  and  afterwards  for  the  Boyne  Viaduct 
on  the  Dublin  and  Drogheda  line,  employed  wrought-iron  framing  to 
all  his  travellers,  which  were  peculiar  in  design  in  many  respects,  and 
admirably  well  devised.  We  shall  probably  at  a  future  time  give 
engravings  of  his  travellers,  which  were  worked  by  hand,  however  ;  for 
even  twelve  years  ago  they  were  in  the  ante- steam  crane  epoch. 

To  contractors'  steam  pumps  for  unwatering  excavations,  coffer- 
dams, &c,  we  might  with  profit  to  our  readers  devote  much  more  space 
than  we  can  afford  at  the  end  of  an  already  too  long  article.  Fig.  13 
shows  the  ubiquitous  "coffee  pot"  mounted  upon  a  stout  iron  platform 
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and  timber  sub-frame,  and  provided  with  gear  by  which  a  miner  in 
Peru  or  Mexico  might  fulfil  all  his  burrowing  wants,  or  by  which  the 
contractors  may  sink  a  shaft  preparatory  to  a  tunnel  or  the  like.     The 


wire  or 
50  feet 


crank  and  draw-rod  will  transmit  reciprocatory  movement  to  lifting  or 
other  pumps  at  any  reasonable  distance :  if  this  be  unreasonable,  we 
must  pump  all  by  tension,  use  wrought-iron  draw-rods,  and  a  "balance 
bob"  at  the  pumps. 


Besides  this,  the  frame  carries  a  fine,  broad-faced  lagged  drum  for 

hemp  rope,  or  chain,  for  winding.     This  is  speeded  to  about 

per  minute,  while  the  pump  rod  makes  eight  strokes  in  the 

same  time ;    and  either  can  be  worked  without  the 

other,  or  both  together. 

Lifting  pumps,  however,  are  now-a-days  a  good  deal 
reserved  to  the  miner,  or  at  least  for  deep  lifts,  for 
(he  centrifugal  pump,  and  the  improved  forms  of 
chain  pump,  have  put  the  lift  out  of  gear  wherever 
dirty  water  is  to  be  raised  ;  not  but  that  as  regards  the 
former  class  of  pumps  (centrifugal)  we  are  quite  sure 
that  a  far  better  duty  is  commanded  by  the  old  lift 
pump  when  properly  constructed,  but  the  centrifugal 
presents  immense  facilities  in  being  set  to  work.  Its 
motion  being  rotatory  and  continuous,  it  will  work  on 
weak  and  crazy  framing  that  the  change  of  stroke  of 
a  set  of  heavy  lifting  pumps  would  shake  to  pieces. 
It  is  very  cheap,  and  it  seldom  or  never  clogs  with 
water,  however  foul,  or  full  of  weeds  or  chips,  or 
what  not. 

In    Murray's   patent   chain   pump,    the    old  chain 
pump  whose  "  choking  is  in  the  well "  on  board  ship 
is  familiar  to  all  our  boyish  memories  in  stories   of 
perils  of  the  deep,  of  the  days  of  Anson  and  Cooke — ■ 
has  received  some  very  decisive  improvements ;  and 
the  proof  of  the  pudding  in  these  has  been  fairly  tested 
on  the   Thames  embankment,   where   one  of  a  very 
ge   size   has    been    at  work,  we  believe,   without 
C  y>f>'_  ~f  -;  ceasing  now  for  many  weeks,  and   is  visible  to  every 
^ta2s-/rsffii=I"~   passer  over  Westminster  Bridge. 

Fig.  14  shows  the  external  construction  of  what  may 
be  called  the  "  baby  pump  "  of  this  sort.  It  forms  but  a  single  colum- 
nar shaft  of  plate  iron,  is  worked  by  a  strap,  and  so  may  be  used  for 
shaft-sinking  (within  certain  limits  of  depth),  just  as  a  "  sinking 
set"  of  lift  pumps  would  be — the  revolving  motion  being  carried  still 


by  the  strap,  and  the  pumps  now  and  then  lengthened  on  from  below. 
This  si2e,  the  makers  say,  will  take  out  1000  gallons  per  minute. 
The  barrels  are  made  in  two  yard  lengths  for  adding  on  or  reducing. 


Another  form,  and  a  larger  size,  is  shown  in  fig.  15.  One  great 
peculiarity  of  these  pumps  is  that  the  flaps,  or  lifts,  are  hinged  to  the 
chains  only  at  one  side ;  and  while  they  stand  at  right  angles  to  the 
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chain  and  to  the  pump  barrel  in  coming  up  loaded,  they  no  sooner  dis- 
charge their  load  at  the  top  and  commence  the  descent,  than  each 
falls  down  plumb  and  in  line  with  the  chains,  and  so  go  down  free  of 
resistance,  and  having  thrown  off  any  loose  matter,  resume  position 


to  lift  again.     Every  lift,  too,  comes  into  clear  daylight,  so  that  any 
derangement  is  at  once  seen. 

The  construction  to  a  great  extent  removes  the  conditions,  owing  to 
which  the  old-fashioned  chain  pumps  used  to  get  choked  by  any  float- 


ing solid  material.  The  working  parts  of  the  chains  and  lifts  are 
steeled,  in  both  the  large  and  small  pumps.  The  practical  results 
and  advantages  obtained  by  this  improved  construction  of  chain  pump 
are  far  greater  than  those  obtained  by  the  centrifugal,  or  any  other 


class  of  pump  now  in  use.     There  is  also  a  great  saving  in  steam 
power  and  working  expenses. 

The  total  absence  of  clacks,  valves,  or  any  kind  of  packing,  has  been 
found  so  beneficial,  that  however  foul  the  water  may  be,  either  from 


Fii:.  12. 


sand,  mud,  weeds,  sewage,  or  any  foreign  matter,  the  pumps  do  not 
choke,  neither  require  stopping  for  a  renewal  of  a  leather  or  packing 
to  valves  or  buckets,  which  is  such  a  frequent  source  of  loss  and  annoy- 
ance in  the  common  pump. 

A  Murray's  pump,  27  inches  by  9  inches,  will  lift  2500  gallons  per 


minute,  or  150,000  gallons  per  hour,  or  equal  to  eight  pumps  of  1G 
inches  diameter,  and  2  feet  stroke,  if  making  twenty  strokes  per  minute; 
that  is,  supposing  the  16-inch  pumps  are  all  doing  their  full  amount  of 
duty,  which  scarcely  ever  happens  in  practice,  as  the  smallest  defect  in 
a  valve  or  bucket,  or  any  impurity  in  the  water,  keeping  the  valves  off 
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their  seats,  causes  very  considerable  loss — frequently  more  than  one-half. 
The  chain-pump  will  always  do  duty  in  proportion  to  the  speed  it  is 
driven,  and  which  can  be  varied  to  a  much  greater  extent  than  the 
common  pump,  without  running  the  risk  of  breakage  or  derangement. 
The  single-chain  pumps  are  made  as  large  as  to  carry  a  lift  or  flap 


Fig.  14 


of  16  incnes  by  8  inches,  and  the  double-chained  ones  flaps  of  36 
inches  by  12  inches. 

This  last  size  will  raise  4000  gallons  10  feet  high  per  minute,  with 
an  expenditure  of  twelve  horses'  nominal  power.  We  have  no  doubt 
that  well-constructed  pumps  of  this  sort  will  realize  a  high  "  duty," 


thongh  we  have  as  yet  had  no  opportunity  of  testing  this  ourselves. 
We  should  be  prepared  to  expect  quite  60  per  cent,  realized ;  and  not- 
withstanding divers  testimonials,  &c,  &c,  to  the  contrary,  we  entertain 
the  strongest  possible  doubts  that  any  centrifugal  pump,  with  a  toler- 
ably high  lift,  will  ever  approach  that  "  duty." 

THIRD    SEEIES. VOL.    I. 


But  wo  have  more  than  exhausted  our  space  for  the  present  upon  an 
interesting  and  important  professional  subject.  We  may  hope  to 
resume  it  in  a  future  part,  and  to  give  some  further  illustrations  of 
contractors'  plant. — Ed. 


THE  RAW  MATERIAL  OF  THE  LINEN  TRADE. 

By  Professor  Hodges,  M.D.,  F.C.S.,  Queen's  College,  Belfast. 

PART  ir. 

About  the  end  of  July,  or  early  in  August,  when  the  seed  has  been 
sown  about  the  middle  of  April,  the  flax  plant  may  be  expected  to 
have  attained  that  degree  of  maturity,  which  is  regarded  as  affording 
the  fibre  in  the  most  suitable  condition  for  textile  purposes.     In  Bel- 
gium, as  we  have  stated,  the  flax  is  generally  pulled  in  a  greener 
state  than  in  this  country,  as  the  object  is  to  obtain  the  most  delicate 
qualities  of  fibre ;  but  the  Irish  growers  find  that  the  amount  of  loss 
in  managing  the  soft  and  tender  straw  renders   it  more   profitable 
to  allow  the  plants  to  become  more  mature,  before  attempting  their 
removal.     We  have  already  described  the  simple  operations 
adopted  in  removing   the  crop.      It  might  be  expected  that 
at  this  stage  the  business  of  the  farmer  properly  terminated. 
Such   is  the   case    in  many  continental  countries.      In  Bel- 
gium the  crop  is  purchased  by  factors,  who  relieve  the  grower 
from  all  the  trouble  of  further  management,  and  undertake 
the  various  operations  required  to  prepare  the  fibre  for  the 
spinner.       If   this   system   could   be   adopted   in    this   coun- 
try,   it   would    tend    in    no    small    degree   to    facilitate   the 
extended   cultivation   of  the   crop,   especially   in   those   new 
districts  in   the  south   and  west  of  Ireland,  in   which  efforts 
have  lately  been   made  to  encourage  the  farmers  to  intro- 
duce it. 

In  Ireland,  however,  at  the  present  time,  the  flax-grower 
also  prepares  the  fibre  for  the  market.  When  the  crop 
has  been  pulled,  the  usual  method  adopted,  where 
the  farmer  has  learned  to  value  the  seed,  is  to  pro- 
ceed at  once  to  remove  the  seed  capsules  or  bolls. 
This  is  effected  by  drawing  the  straw  through  an 
implement  called  "  a  ripple,"  which  consists  of  a 
number  of  tapering  angular  bars  of  iron,  each  18 
inches  long,  fixed  to  a  block  of  wood.  These  bars 
are  placed  three-sixteenths  of  an  inch  apart  at  the  bottom,  and  at  the 
top  are  about  half  an  inch  asunder.  This  row  of  iron  teeth  is  screwed 
to  a  plank  nine  feet  long,  and  is  usually  supported  on  two  stools.  The 
bolls  are  received  upon  a  winnowing  cloth  placed  under,  and  afterwards 
dried  first  by  exposure  to  the  sun,  and  finally  to  the  heat  of  a  kiln  at  a 

temperature  not  exceeding  70°.  As 
the  rippling  proceeds,  the  straw  de- 
prived of  the  bolls  is  made  up  into 
small  bundles,  and  secured  by  ties 
formed  of  rushes,  which  have  previ- 
ously been  prepared  for  the  purpose, 
by  being  dried  and  rendered  pliant 
by  beating  ;  and  thus  arranged,  it  is 
carried  from  the  field  to  be  sub- 
mitted to  what  may  be  regarded  as 
the  commencement  of  the  special 
operations  for  the  separation  of  the 
textile  fibre. 

Before  entering  upon  the  descrip- 
tion of  the  process  employed  for  the 
separation  of  the  fibre,  it  will  be 
useful  to  give  a  short  account  of  the 
minute  structure  and  chemical  com- 
position of  the  stem  of  the  flax  plant. 
If  you  take  a  piece  of  flax  straw 
and  examine  it,  you  will  find  that 
it  can  readily  be  split  up  into  three  parts,  which  are  placed  one  round 
the  other.  The  exterior  of  these  is  a  thin  membrane  of  a  green  colour 
in  the  unripe  plant,  which  is  replaced  by  a  fine  yellow  as  the  plant 
approaches  maturity.  The  second  portion  you  will  observe  to  consist 
of  extremely  fine  hair-like  filaments,  while  inclosed  by  these  filaments, 
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and  occupying  the  centre  of  the  straw,  and  usually  perforated  by  a 
hollow  canal,  there  is  a  comparatively  thick  layer  composed  of  a  brittle 
material  which  cannot  be  split  into  threads. 

A  transverse  section  of  the  straw  with  a  penknife  will  show  these 
three  portions  presenting  the  appearance  of  rings  or  circles  of  different 
diameters  placed  one  within  the  other.  So  far  it  is  possible  by  the 
naked  eye,  aud  especially  when  the  stem  has  been  softened  by  macera- 
tion in  water,  to  recognize  its  division  into  three  portions ;  and  the  flax 
grower  is  well  aware  that  the  thin  investing  skin  and  central  brittle 
woody  matter  are  of  no  ralue  to  him,  but  must  be  broken  up  and 
removed,  to  enable  him  to  obtain  the  fine  filaments  which  are  inclosed 
between  them.  It  is  these  delicate,  but  at  the  same  time  tenacious 
fibres,  which  give  the  flax  plant  its  chief  commercial  value  ;  and  the 
separation  of  them  in  the  most  perfect  form,  and  with  the  least 
expenditure  of  time  and  labour,  has  for  several  years  occupied 
the  attention  of  men  of  science  and  of  manufacturers  in  all  parts  of 
Europe. 

If  we  take  a  horizontal  slice  of  flax  straw,  and  examine  it  by  the 
assistance  of  the  microscope,  we  obtain  some  additional  information 
respecting  its  structure.  It  shows  us  that  the  external  layer  or  zone, 
the  "  skin  "  of  the  plant,  is  composed  of  extremely  delicate  membrane, 
formed  by  the  union  of  minute  cells  or  vesicles  closely  pressed  together, 
while  the  middle  layer  or  ring  consists  of  a  number  of  tubes  with  very 
minute  cavities,  their  walls  or  sides  being  apparently  formed  of 
numerous  layers  of  lining  material,  by  which  the  cavity  has  been  almost 
obliterated.  These  tubes  or  elongated  cells  have  been  termed  bast 
cells,  and  constitute  in  flax,  hemp,  and  other  plants,  the  material 
employed  for  textile  purposes.  Proceeding  inwards  from  the  circle  of 
bast  cells,  we  find  the  third  layer  composed  of  short  cells,  hardened  by 
deposits  which  render  them  brittle  and  inelastic. 

The  chemist,  whose  science  enables  him  to  resolve  the  various  struc- 
tures of  plants  into  their  elements,  discovers  that  all  the  parts  of  which 
the  flax  straw  is  made  up  consist  chiefly  of  a  substance  possessing,  in 
ever}'  case  and  in  every  plant,  from  the  apparently  green  slime-like 
covering  of  the  stagnant  pool  to  the  stately  tree,  with  its  complicated 
arrangement  of  wood  and  bark  and  leaves,  the  same  elementary  com- 
position, being  formed  by  the  union  of  the  elementary  body,  carbon, 
and  the  elements  of  water,  oxygen  and  hydrogen.  Such  is  the  com- 
position of  the  simple  rudimentary  substance  which  forms,  as  it  were, 
the  skeleton  of  flax,  and  of  every  other  plant.  But  associated  with 
this  universal  building  material  of  the  vegetable  world,  to  which  the 
name  of  cellulose  has  been  given,  are  discovered,  lining  and  strengthen- 
ing these  cells,  and  contained  either  in  a  solid  form  within  their  cavities 
or  dissolved  in  water,  other  substances,  as  starch,  gum,  sugar,  a  peculiar 
gum-like  substance  named  dextrine,  oils,  colouring  matters,  and  resins. 
The  greater  number  of  these  substances  are  analogous  to  cellulose  in 
composition,  and  consist  merely  of  carbon  and  the  elements  of  water; 
but  accompanying  them  we  find  other  substances,  which  contain,  in 
addition  to  carbon,  oxygen,  and  hydrogen,  the  element  nitrogen,  of 
which  the  gluten,  or  sticky  matter  of  wheat,  affords  an  example,  and 
respecting  which  chemistry  has  made  known  to  us  the  singular  fact  that 
they  closely  resemble  in  their  composition  the  casein  or  cheesy  matter 
of  milk,  the  albumen  of  the  white  of  egg,  and  the  substance  which  forms 
the  chief  constituent  of  animal  flesh.  We  also  find  invariably  united 
with  these  compounds  certain  saline  and  earthy  matters,  derived  from 
the  soil,  and  indispensable  to  vegetable  development. 

From  the  results  of  numerous  examinations  of  flax  straw  which  have 
been  made  in  the  laboratory  of  the  Chemico-agricultural  Society,  both 
of  Irish  and  foreign  flax,  the  following  statement  may  be  regarded  as 
correctly  representing  the  proportion  in  which  these  constituents  of 
plants  are  usually  associated  in  the  mature  flax  straw  immediately 
after  its  removal  from  the  field  of  the  farmer.  One  hundred  parts 
consist  of: — 

Wax 0-270 

Resinous  matters,  volatile  oil,  aud  lino-taunic  acid, 1*090 

Sugar  and  colouring  matter, 5*630 

Inorganic  matters 2*910 

Pectine, 0-360 

Nitrogenized  compounds,  soluble  in  water, 0-835 

insoluble  in  water, 4*2ti9 

Insoluble  inorganic  matters  united  with  the  fibre, 2-500 

Fibre, 82137 

100-00 


One  hundred  parts  of  the  ash  of  flax  straw  consist  of  the  following 
ingredients: — 

Potash 13-88 

Soda, 5  33 

Chloride  of  sodium, 6-47 

Lime, 18  86 

Magnesia, 4-10 

Oxide  of  iron, 5*40 

Sulphuric  acid, 11*16 

Phosphoric  acid, 0-(j3 

Carbonic  acid, 10-37 

Silica, 10-37 

100-43 
Ash  per  cent,  in  the  straw, 3-89 

Several  of  the  substances  which  analysis  shows  to  be  contained  in  the 
straw  of  the  plant  dissolve  readily  in  water,  and  may  be  removed  from 
it  by  simple  maceration.  But  the  cellulose  itself,  which  composes  the 
walls  of  the  cells,  and  also  some  of  the  substances  by  which  they  are 
filled,  are  completely  insoluble  in  water,  and  can  be  removed  only  by 
the  action  of  chemical  agents.  The  nitrogenized  compounds,  however, 
both  in  plants  and  animals,  are  remarkable  for  the  facility  with  which 
they  undergo  transformations  when  the  conservative  influence  of  life  is 
removed,  and  also  by  communicating  to  substances  which  contain  no 
nitrogen,  as  sugar  and  starch,  the  tendency  to  undergo  decomposition, 
or,  in  other  words,  to  dispose  the  elements  of  which  these  substances 
consist,  to  arrange  themselves  in  new  forms.  We  have  many  familiar 
examples  of  the  effect  produced  by  the  presence  of  decomposing  nitro- 
genized substances  in  brewing,  starch-making,  and  other  manufacturing 
processes,  and  we  observe  it  when  a  heap  of  vegetable  matter,  such  as 
flax  straw,  is  exposed  to  a  moist  atmosphere,  or  steeped  iu  water. 

In  the  flax  plant,  the  hemp,  and  other  herbaceous  plants  which  con- 
tain elongated  cells  possessing  qualities  which  render  them  suitable  for 
textile  purposes,  intermingled  with  the  short  and  brittle  cells  of  the 
cellular  tissue,  their  separation  from  them  may  be  effected  by  fermenta- 
tion in  the  open  air,  by  maceration  in  water  or  chemical  solvents,  or 
simply  by  mechanical  means. 

In  many  parts  of  Europe  the  flax  is  spread  over  the  fields  late  in 
the  autumn,  or  in  the  months  of  January  or  February,  and  the  requisite 
fermentation  induced  by  prolonged  exposure  to  air  and  moisture.  This 
method  of  treatment,  termed  "  dew  retting,"  is  practised  in  several  dis- 
tricts in  Belgium,  especially  in  the  provinces  of  Hainault  and  Namur; 
but  where  water  is  suitable  for  steeping,  and  abundant,  dew  retting  is 
seldom  resorted  to.  In  fact,  from  the  earliest  times,  only  one  method 
has  been  found  properly  to  separate  the  fibre  in  a  condition  suitable  for 
its  various  applications,  viz.,  the  gradual  decomposition  by  fermentation 
of  the  cementing  matters  of  the  straw,  induced  by  the  maceration  of 
the  flax  either  in  stagnant  pools  or  rivers.  It  is  a  remarkable  circum- 
stance to  find  both  the  natives  of  Hindostan  and  the  ancient  inhabit- 
ants of  Egypt,  employing  methods  precisely  similar  to  those  which  are 
at  present  used  in  this  country. 

In  Belgium  the  management  of  the  steeping  process  may  be  regarded 
as  having  attained  the  greatest  perfection.  The  system  which  is  pur- 
sued in  that  country,  is  that  which  we  would  gladly  find  introduced 
into  Ireland.  Here  the  grower  of  the  flax  also  steeps  it,  and  submits  it 
to  the  treatment  required  to  prepare  it  for  the  spinner.  In  Belgium 
the  work  of  the  farmer  is  usually  completed  when  he  has  brought  the 
plant  to  maturity,  and  its  technical  preparation  is  taken  up  by  factors, 
who  devote  themselves  to  the  separation  and  preparation  of  the  fibre. 
The  beneficial  result  of  this  division  of  labour  is  exhibited  in  the  high 
value  of  the  Courtrai  flax,  which  occasionally  sells  at  £250  per  ton; 
while  in  Ireland  the  average  value  of  flax  last  year  was  only  6s.  6(1. 
per  stone.  The  Courtrai  flax-factors  usually  convey  the  straw  to  the 
river  Lys,  the  waters  of  which  have  acquired  so  high  a  reputation  for 
steeping,  that  last  year  flax  was  sent  to  it  from  many  parts  of  France 
to  be  steeped.  We  have  analyzed  the  water  of  this  river,  and  find  that 
it  is  in  no  respects  superior  to  that  of  many  Irish  streams,  but  it  is 
deep  aud  its  current  is  gentle,  and  the  flax-steepers  have  an  amount  of 
skilled  knowledge,  which  gives  them  great  advantages.  Though  we  have 
not  yet  been  able  in  Ireland  to  grow  any  flax  equal  in  value  to  that  of 
Courtrai,  our  experience  has  convinced  us  that,  if  properly  managed, 
there  are  very  few  districts  in  which  our  farmers  may  not  succeed  in 
producing  that  medium  quality  of  fibre  which  is  most  in  demand. 

In  Ireland  the  flax  on  its  removal  from  the  field  is  placed  in  a  shal- 
low pond  excavated  in  the  neighbourhood  of  a  stream,  from  which  it 
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can  be  filled  with  wafer.  A  careful  farmer,  long  before  the  season  for 
pulling  the  crop,  makes  preparation  for  the  steeping.  Some  make  ready 
the  ponds  during  the  preceding  winter.  Good  water,  with  full  exposure 
of  the  pond  to  the  warming  influence  of  the  sun,  and  free  from  the 
shadows  of  trees,  are  regarded  as  essential  requisites.  What  is  termed 
bv  the  flax-steeper  "  good  water,"  is  pure,  soft  water,  free  from  mineral 
impurities.  The  presence  of  iron,  from  its  forming  coloured  compounds 
with  the  peculiar  tannic  acid  of  the  straw,  is  decidedly  injurious  ;  and 
calcareous  waters  act  slowly  and  imperfectly  on  the  constituents  of  the 
straw,  and  also  form  compounds  which  resist  the  solvent  action  of  fer- 
mentation. The  size  of  the  pool  is  regulated  by  the  quantity  of  flax  to 
be  steeped,  and  some  of  our  most  experienced  farmers  advise  that  no 
pool  should  be  larger  than  can  be  filled  with  flax  in  one  day.  From 
eight  to  ten  feet  wide,  and  four  deep,  is  a  frequent  size  of  the  ponds  in 
some  districts.  The  flax  is  deposited  in  the  ponds  in  layers  so  arranged 
that  the  tie  by  which  each  bundle  is  secured  rests  upon  the  root  ends 
of  the  preceding  bundle,  and  a  covering  of  straw  or  sods,  with  some 
stones  placed  on  the  top  of  the  flax  to  prevent  its  rising  out  of  the  water. 
In  a  day  or  two,  according  to  the  temperature  of  the  season,  fermenta- 
tion commences,  and  is  accompanied  by  a  brisk  disengagement  of  bubbles 
of  gas.  The  water  acquires  the  colour  of  ale,  and  a  scum  collects  on  its 
surface  to  remove  which  it  is  considered  advisable  to  allow  a  gentle  current 
of  water  to  flow  over  the  surface  of  the  pond  from  the  supplying  stream. 

In  the  steeping  season  the  districts  surrounding  some  of  our  small 
country  villages  are  exceedingly  disagreeable  to  strangers,  who  find  the 
atmosphere  in  all  directions  impregnated  with  the  odours  from  the 
numerous  steeping  pools.  The  peculiar  odour  of  the  flax  pool  we  have 
found  to  depend  upon  the  evolution  of  compounds  of  butyric  acid  and 
valerianic  acid,  produced  by  the  decomposition  of  the  constituents  of  the 
flax  plant,  during  which  also  carbonic  acid  and  other  gases  are  given 
off  in  large  quantities.  In  Belgium  the  vitiation  of  the  atmosphere  by 
the  steeping  of  flax  along  the  river  Lys  is  regarded  by  many  persons 
as  productive  of  fever  and  other  diseases,  and  petitions  have  been 
presented  to  the  Chamber  of  Representatives  to  obtain  an  abolition  of 
the  practice.  We  have  made  numerous  inquiries  in  this  country,  both 
from  farmers  and  medical  practitioners  in  the  chief  seats  of  the  flax 
industry,  and  cannot  discover  that  fever  or  other  diseases  can  be  traced 
to  the  effluvia  from  the  steeping  holes  in  Ulster. 

The  method  by  which  the  Irish  farmer  ascertains  that  the  ferment- 
ation has  sufficiently  advanced  to  allow  the  flax  to  be  removed  from  the 
water,  is  to  draw  a  few  stalks  from  one  of  the  bundles.  These  he  breaks 
across  in  two  places,  about  two  inches  apart.  If  he  can  readily  pull  away 
the  central  woody  portion  without  tearing  the  filament  of  the  layer  which 
surrounds  it,  he  considers  that  the  flax  has  been  sufficiently  "watered." 

The  next  stage  in  the  management  of  the  flax  is  the  "  grassing  "  of  the 
steeped  straw,  by  which  the  separation  of  the  loosened  fibres  is  greatly 
facilitated.  For  this  purpose  a  newly  mown  meadow  or  a  short  pasture 
ground  is  selected,  and  the  straw  is  spread  thinly  over  it,  and  allowed 
to  remain  exposed  to  the  air.  In  showery  weather  six  days  will  usually 
be  sufficient  exposure ;  and  if  at  the  end  of  that  time  the  stalks  are 
perceived  to  present  the  appearance  of  a  bow  and  string,  produced  by 
the  fibre  contracting  and  separating  from  the  inelastic  woody  portion, 
the  flax  may  be  "  lifted"  and  put  up  in  small  stacks,  so  built  as  to  allow 
the  air  freely  to  circulate  through  them.  Thus  steeped  and  grassed,  the 
straw  is  ready  for  the  application  of  the  mechanical  operations  by  which 
the  worthless,  brittle,  woody  matters  may  be  removed,  and  its  textile 
filaments  dressed  and  rendered  suitable  for  their  important  uses. 

The  ordinary  method  of  steeping  in  ponds  or  rivers,  though  apparently 
simple,  requires  very  careful  attention,  and  is  attended  with  great  risk. 
Like  the  fermentation  of  the  brewer,  the  peculiar  series  of  decompositions 
which  facilitate  the  breaking  up  of  the  various  organic  structures  which 
compose  the  stem  of  the  flax  plant,  are  liable  to  be  affected  by  changes 
of  temperature  and  other  disturbing  causes;  it  is  not,  therefore,  surprising 
that  in  the  open  air,  in  a  variable  climate,  it  should  progress  irregularly, 
and  that,  notwithstanding  the  anxious  attention  of  the  farmer,  one  part 
of  the  straw  should  be  oversteeped,  while  another  part  has  not  experi- 
enced the  alterations  required  to  facilitate  the  perfect  separation  of  the 
fibre.  Even  in  districts  where  the  management  is  conducted  by  trained 
workmen  the  imperfections  and  uncertainty  of  the  old  system  are  found 
so  much  to  interfere  with  the  profits  of  the  flax-grower,  that  numerous 
attempts  have  been  made  both  on  the  continent  and  in  Ireland  to  sub- 
stitute for  it  some  more  certain  and  less  hazardous  method.  In  some 
places  "dry  scutching,"  that  is,  the  separation  of  the  fibre  from  unsteoped 


straw  by  mechanical  means,  has  been  attempted,  but  has  failed  to  pro- 
duce fibre  of  good  quality  or  requisite  fineness.  In  France,  chemical 
solvents,  dilute  acids,  alkalies,  and  solutions  of  soap,  have  also  been 
tried  ;  but  though  it  is  possible  by  the  action  of  these  solvents  to  break 
up  the  structures  of  the  plant  and  to  obtain  fibre  apparently  of  good 
quality,  yet  experience  proved  that  it  was  inferior  in  tenacity  and  other 
essential  properties  to  that  procured  by  the  ordinary  methods. 

The  first  attempt  in  advance  of  the  traditional  methods  which  offered 
any  prospect  of  more  favourable  results,  was  made  by  an  American 
named  Schenck,  who,  in  1847,  arrived  in  Belfast  with  specimens  of 
fibre  prepared  by  exposing  the  straw  to  the  action  of  water  heated  by 
steam,  and  maintained  at  the  temperature  of  90  degrees  for  sixty 
hours.  The  introduction  of  Mr.  Schenck's  method  seemed  likely  to  pro- 
duce a  complete  revolution  in  the  sj'stem  of  flax  management,  and  it 
was  expected  that  the  preparation  of  fibre  for  the  spinner  would  be 
made  entirely  a  factory  operation,  and  thus  be  rendered  independent 
of  the  ignorance  and  unskilfulness  of  the  farmers  in  those  districts 
which  it  was  most  desirable  that  the  cultivation  of  the  plant  should  be 
extended,  but  in  which  the  want  of  skilled  labour  opposed  very  great 
obstacles  to  its  introduction.  In  Ireland,  however,  an  establishment, 
erected  under  Mr.  Schenck's  patent,  did  not  give  satisfaction;  spin- 
ners complained  that  the  fibre  was  injured,  and  the  expense  of  conduct- 
ing was  found  so  great,  that  it  was  found  necessary  to  return  to  the  old 
method  of  steeping.  There  is  at  present  only  one  factory  in  Ireland 
in  which  the  hot  water  system  is  followed ;  but  in  England  and  in  Bel- 
gium, where  it  is  known  as  the  "  rouissage  manufactureur,"  it  has  given 
greater  satisfaction.  At  Calne,  in  Wiltshire,  certain  modifications  of 
the  original  method  are  employed,  and  from  the  reports  of  our  spinners, 
we  find  that  the  fibre  obtained  there  is  regarded  as  of  excellent  quality. 

We  have  had  many  opportunities  of  observing  the  application  of 
Schenck's  process  both  under  the  direction  of  Mr.  Schenck  and  his 
intelligent  successor,  Mr.  Bernard,  and  we  have  alwaj-s  regarded  it  as 
calculated,  if  judiciously  applied,  to  prove  of  great  value  in  the  produc- 
tion of  flax  fibre.  It  is,  in  fact,  merely  the  ordinary  method  of  fermen- 
tation accelerated  and  placed  under  control,  and,  if  managed  by  persons 
acquainted  with  the  business,  capable  of  preparing  flax  in  the  most 
satisfactory  manner.  In  many  of  the  works  conducted  on  Schenck's 
method,  the  temperature  of  the  water  was  raised  too  high,  and  the  solu- 
ble constituents  of  the  plant  hardened  and  made  obstinately  to  adhere 
to  the  fibre.  Uniform  temperature,  not  exceeding  70  degrees,  which  can 
be  obtained  at  but  trifling  expense,  and  the  application  to  the  steeped  straw 
of  the  pressure  of  a  pair  of  smooth  cylinders  of  cast  iron,  while,  at  the 
same  time,  a  stream  of  water  is  made  to  flow  upon  the  rollers  as  pro- 
posed, first,  we  believe,  by  Mr.  Pownall  of  London,  so  as  to  wash  away 
the  softened  organic  impurities,  will  enable  the  steeper  to  accelerate  the 
process  of  steeping,  and  yield  the  fibre  in  the  best  condition. 

In  Belgium  much  interest  has  lately  been  excited  by  the  application 
of  a  new  process  proposed  by  M.  Julien  Lefebure,  at  the  London  Exhi- 
bition of  18C2,  who  obtained  a  gold  medal  for  flax  and  hemp  prepared  by 
his  system.  Through  the  kindness  of  bis  Excellency  Lord  Wodehouse, 
Lord  Lieutenant  of  Ireland,  who  has  obtained  a  report  from  Belgium 
for  the  Chemico -agricultural  Society  of  Ulster  on  this  method,  we  are 
enabled  to  give  some  account  of  its  chief  features. 

L^febure's  method  is  described  as  being  based  "upon  a  combination 
of  chemical  and  mechanical  elements."  An  alkaline  solution  is  used  as 
the  solvent,  and  three  successive  operations  are  required.  In  an 
establishment  in  which  1000  kilogrammes  of  undressed  flax  are  daily 
treated,  producing  175  kilogrammes  of  prepared  flax  ready  for  spinning, 
the  first  operation  is  crushing  the  flax  [broyer)  so  as  to  remove  the 
woody  matters :  1000  kilogrammes  of  green  flax  when  crushed  give 
320  kilogrammes  of  filaments.  The  second  operation  is  trashing  in 
water  and  alkali ;  the  expense  of  the  quantity  of  water  required  for 
the  above  quantity  of  flax  is  16  francs.  The  third  operation  is  drying. 
A  "  sechoir  "  machine  for  drying  320  kilogrammes  of  crushed  and 
washed  flax  should  measure  20  metres  cube,  and  the  flax  is  hung 
upon,  sticks  placed  one  above  the  other  at  the  distance  of  45  cen- 
times. The  dried  flax  gives  a  return  of  175  kilogrammes.  The 
cost  of  preparation  is  stated  to  be  from  2G  to  27  centimes  per  kilo- 
gramme. The  report  unfortunately  does  not  give  us  any  description 
of  M.  Lefelmre's  machine  for  removing  the  woody  matters,  and 
though  M.  Rey,  a  leading  Belgium  "filateur,"  and  the  great  linen 
manufacturer,  M.  Taek  of  Courtrai,  report  favourably  of  the  merits  of  the 
system,  yet  we  require  more  information  to  lead  us  to  place  much  con- 
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fidenoe  in  any  method  which  attempts  to  separate  the  fibre  from  the 
straw,  previous  to  its  being  submitted  to  some  process  of  softening. 

The  next  operation  which  the  steeped  and  dried  flax  undergoes,  when 
treated  either  by  the  ordinary  method  or  by  the  hot  water  process,  is 
"breaking"  or  rolling.  This  is  performed  either  by  machinery  or 
manual  labour.  In  Belgium  a  simple  mallet  shaped  implement  is 
much  used  for  this  purpose ;  but  in  this  country  a  machine  called  a 
break  is  preferred ;  this  consists  of  two  heavy  pieces  of  wood,  each  of 
which  is  furnished  on  one  side  with  a  number  of  parallel  angular  bars, 
so  arranged  that  when  the  pieces  of  wood,  which  are  connected  by  a 
hinge  are  brought  together,  the  angular  surfaces  of  the  bars  on  one  piece 
are  screwed  into  the  hollows  formed  by  the  bars  on  the  other.  One  of 
the  pieces  is  permanently  fixed  on  a  stand,  while  motion  is  communi- 
cated to  the  other  by  means  of  either  an  iron  spring  or  by  an  elastic  pole 
of  wood  attached  to  it,  and  connected  with  a  treadle  on  which  the 
workman  presses  with  his  foot.  By  placing  a  handful  of  the  dried  straw 
between  the  angular  bars,  and  causing  the  movable  piece  to  descend, 
it  presses  the  straw  between  the  bars,  and  breaks  the  inelastic  structures 
of  the  central  part,  while  the  guiding  fibre  remains  uninjured. 

In  large  establishments,  however,  the  flax  is  rolled  by  being  sub- 
mitted to  the  action  of  a  series  of  fluted  rollers  of  metal. 

The  woody  matters  having  been  broken  by  the  break,  it  is  necessary 
that  the  fibre  should  be  deprived  of  its  worthless  appendages.  This  is 
effected  in  some  districts  by  a  simple  manual  implement,  which  is 
merely  a  thin  blade  of  wood  attached  to  a  handle.  The  workman  by 
whom  the  "  scutching,"  as  this  operation  is  termed,  is  performed,  takes 
in  his  left  hand  a  handful  of  the  straw  and  passes  a  portion  of  it  through 
a  slit  in  the  side  of  an  upright  stand  of  wood  called  "  a  stock,"  and 
submits  it  to  repeated  blows,  and  presents  every  part  of  it  to  the  blade, 
so  that  all  the  woody  matters  are  beaten  out  and  the  flax  rendered 
clean.  The  woody  matters  constitute  what  is  known  as  "  shove,"  while 
any  short  or  injured  fibres  which  are  removed  in  the  operation  are  sold 
as  "  scutching  tow." 

Numerous  mechanical  inventions  for  facilitating  the  labour  of  remov- 
ing the  woody  matters  from  the  textile  fibre  have  been  introduced  by 
our  engineers,  but  as  yet  only  one  form  of  scutching  machinery  has 
succeeded  in  acquiring  the  confidence  of  both  farmers  and  spinners — 
viz.,  the  scutching  mill  which  is  at  present  found  in  every  flax-growing 
district  in  Ulster.     The  scutching  arrangements  in  these  mills  consist 
of  a  number  of  wooden  beaters  screwed  to  wheels  which,  at  distances 
of  about  three  feet,  are  fixed  on  a  horizontal  iron  shaft,  usually  driven 
by  water  power.     Each  set  of  blades  is  inclosed  in  front  by  par- 
titions of  wood,  and  is  made  in  descending  to  revolve  near  an 
opening  on  one  side  of  the  partition,  through  which  the  work- 
man can  insert  the  flax  without  risk  of  being  injured.     The 
flax  after  breaking  is   prepared  for   the   scutcher   by   being 
"  stricked  " — that  is,  made  up  into  even  parcels,  each  contain- 
ing as  much  flax  as  the  hand  can  grasp. 

The  cost  of  scutching  a  stone  of  flax  in  these  mills  is  one 
shilling,  of  which  twopence  is  charged  for  stricking.  As  yet  no 
efficient  substitute  for  the  ordinary  scutching  mill,  or  any 
machine  which  can  enable  the  farmer  to  dispense  with  skilled 
labour,  has  been  introduced.  The  ingenious  machines  of  Rowan, 
Potts,  and  Friedlander,  may  be  regarded  as  on  trial,  and  in  the 
opinion  of  many  experienced  judges  have  not  yet  satisfied 
expectation.  In  the  preliminary  operation  of  breaking, 
mechanical  ingenuity  has  been  more  successful  in  affording  the 
farmer  reliable  assistance ;  and  the  breaking  machines  of 
M'Adam,  of  Messrs.  Sanford  &  Mallory,  and  of  Friedlander, 
have  given  satisfactory  results  both  in  this  country  and  on  the 
continent,  and  are  at  present  extensively  employed.  No 
matter,  however,  what  machinery  is  used  if  the  crop  has  not 
been  properly  cultivated  and  carefully  watered  (steeped),  it  will 
be  impossible  to  make  it  yield  good  fibre.  A  great  deal  of  the 
flax  brought  to  market  last  year,  even  in  the  north  of  Ireland,  was 
almost  worthless.  Some  of  that  grown  in  the  south,  Mr.  Maguire,  M.P., 
tells  us,  was  so  bad  "  that  it  would  be  as  difficult  to  make  fibre  out  of 
it  as  it  would  be  to  make  it  out  of  copper  wire." 

The  flax  straw — rippled,  steeped,  and  scutched  as  described — is  ready 
for  market ;  and  the  textile  fibre  is  purchased  by  the  flax  buyers  of  our 
northern  spinners  at  prices  which  in  186-4-65  were,  for  superior  quali- 
ties, from  8s.  to  8s.  6d.  per  stone,  for  inferior  qualities,  from  6s.  to 
6».  Grf.  per  stone. 


STANDFIELD'S  PATENT  GOVERNOR. 

It  is  a  fact,  generally  known  and  acknowledged,  that  the  centrifugal  or 
ball  governor  for  regulating  the  speed  of  steam  engines  is  defective  in  a 
most  important  point,  inasmuch  as  it  does  not  regulate,  but  merely 
moderates  the  speed  of  the  engine  The  reason  is,  that,  in  order  to 
give  more  or  less  steam,  the  balls  must  of  necessity  first  rise  or  fall,  and 
revolve  in  a  different  plane,  an  effect  which  can  but  be  the  consequence 
of  an  already  increased  or  diminished  speed  of  the  engine.  Numerous 
plans  have  been  proposed,  with  a  view  to  produce  a  regulator  free  from 
the  defects  of  the  ball  governor,  but  none  of  them  have  hitherto  been 
found  to  possess  sufficient  merit  to  supersede  it. 

Standfield's  governor,  to  which  we  hereby  beg  to  direct  attention, 
is  certainly  calculated  to  supply  the  want  hitherto  felt  of  a  reliable 
instrument  or  apparatus  for  maintaining  a  uniform  speed  in  steam 
engines  of  every  class,  as  well  as  in  other  prime  movers.  Its  action 
is  based  upon  the  resistance  produced  by  the  rotation  of  a  fan  or  disc 
in  water  or  other  fluid,  inclosed  in  a  box  or  case  fitted  with  stationary 
blades,  or  of  a  box  revolving  with  the  fluid  around  the  fan. 

Supposing  the  normal  speed  of  the  engine  to  be  60  revolutions  per 
minute,  and  that  of  the  fan-box,  driven  from  the  main  shaft,  180  revolu- 
tions per  minute,  the  fan  being  held  stationary,  then  that  part  of  the 
governor  forming  the  connection  with  the  throttle  valve  is  set,  by  means 
of  a  graduated  lever  and  weight,  or  in  marine  engine  governors  by  a 
spring,  so  as  exactly  to  balance  the  resistance  of  the  water  against  the 
fan  at  a  speed  of  180  revolutions.  The  slightest  deviation  from  this 
speed  will  therefore  instantaneously  react  upon  the  connection  with  the 
throttle  valve,  and  open  or  close  the  same  to  the  required  extent. 

For  marine  engines,  this  governor  will  be  found  particularly  valuable, 
as  it  will  regulate  the  speed  of  these  engines  most  effectually,  and 


thereby  entirely  prevent  the  violent  strain  and  other  injuries  generally 
sustained  by  both  engines  and  hulls  in  consequence  of  the  sudden 
variations  in  the  speed  caused  by  the  pitching  and  rolling  of  the  vessel. 
The  accompanying  engraving  represent  one  modification  of  this 
governor  as  applicable  to  stationary  engines.  Fig.  1  is  a  longitudinal 
section,  and  fig.  2  an  end  elevation  of  fig.  1.  A  is  the  frame  which 
supports  the  governor  shaft,  B,  whose  square  ends  fitting  into  the 
bearings  prevent  its  rotating  when  the  governor  is  in  motion.  Tho 
fan,  C,  formed  with  four  blades,  is  secured  to  the  shaft,  B.      The 
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fan-box,  d,  is  made  in  two  halves,  each  of  which  is  provided  with 
five  stationary  blades,  Dl,  and  the  box  is  filled  with  water  through 
the  screw  plug  holes,  D-.  The  bevel  wheel,  E,  cast  on  the  fan-box, 
D,  gears  into  the  wheel,  F,  on  the  tumbler  stud,  G.      This  tumbler 

Fig.  2. 


stud  is  made  in  one  piece  with  the  elbow  lever,  g1  g2,  which  latter 
is  graduated  to  mark  the  places,  corresponding  with  the  desired 
number  of  revolutions  of  the  engine-shaft,  at  which  to  fix  the  sliding 
weight,  H.  The  wheel,  F,  gears  into  the  wheel,  I,  cast  in  one  piece  with 
the  cord  pulley,  from  which  the  driving  cord  passes  to  the  main-shaft. 
The  fan-box,  D,  with  wheel,  E,  the  tumbler  lever,  G,  and  wheel  pulley, 
I,  turn  loosely  on  the  shaft,  p.. 

As  long  as  the  engine  shaft  revolves  at  its  normal  speed,  the  weighted 
lever  will  likewise  remain  in  its  normal  position,  but  the  instant  the 
speed  increases,  the  resistance  of  the  water  against  the  fan  will  force 
the  wheel,  F,  to  run  up  the  wheel,  E,  thereby  raising  the  weighted  lever, 
G,  and  causing  the  rod,  wire,  or  chain,  connecting  the  lever  with  the 
throttle  valve,  to  close  the  latter  to  the  required  extent.  It  is  evident 
that  a  reduction  of  the  speed  of  the  engine  will  produce  an  effect 
contrary  to  the  one  just  described. 

Standfield's  governor  may  be  seen  in  operation  at  the  works  of 
Benjamin  Hick  &  Son,  Bolton,  who  are  the  sole  manufacturers. 


GENERATING  STEAM  BY  LIQUID  FUELS. 

By  St.  John  V.  Day,  C.E. 

Of  all  the  methods  that  have  been  proposed  and  tried  up  to  the  present 
time  for  producing  heat  by  means  of  liquid  fuels  (such  as  petroleum  and 
other  hydrocarbons),  especially  with  reference  to  the  generation  of 
steam  in  boilers  of  various  kinds,  and  particularly  in  those  of  locomotive 
engines  and  steam-ships,  nothing  of  a  nature  sufficiently  practical  to  be 
really  worthy  the  attention  of  those  likely  to  be  beneficially  interested 
has  hitherto  been  heard  of  as  developed  by  the  various  experimenters. 

How  wide  a  field  there  is  for  the  introduction  of  some  effectual  system 
for  utilizing  the  liquid  fuel  which  is  probably  so  largely  distributed 
beneath  the  crust  of  our  globe,  may  be  easily  arrived  at  by  a  glance 
over  the  number  of  steam-ships  which  annually  enter  and  leave  our 
ports,  as  well  as  those  of  other  countries ;  nor  must  we  omit  to  consider 


the  large  and  growing  necessity  that  exists  for  diminishing  the  weight 
of  fuel  carried  by  locomotive  engines.  Beyond  doubt,  then,  the  em- 
ployment of  fuel  in  the  liquid  state  (whether  it  be  the  crude  petroleum 
itself,  or  distilled  coal  and  other  mineral  oils)  points  to  the  most  effective 
method  of  accomplishing  this  desirable  end. 

For  the  reason,  then,  that  locomotive  and  marine  boilers  indicate  the 
initiative  wherein  the  solid  coal  shall  be  replaced  by  the  liquid,  the 
remaining  parts  of  this  article  will  have  reference  chiefly  to  these  classes. 

It  becomes  necessary  to  consider,  first  of  all,  what  really  is  required 
and  what  must  be  provided  for,  in  the  event  of  such  a  radical  change 
being  effected,  for  we  are  of  opinion  that  such  a  change  looms  at  no 
very  remote  distance. 

With  reference  to  steam-ships,  the  chief  consideration  which  the 
owners  must  ever  have  in  view,  is  the  capability  of  carrying  the  largest 
possible  cargo  for  the  longest  possible  distance :  or  what  is  the  same 

thing,    with    the    smallest 


fuel-bunker  room.     It  may 
be  safely  said  that  with  coal 
the  bunkers  cannot  be  much 
reduced  from  their  present 
size ;   still    the   broad  fact 
ever  remains  that  their  re- 
duction    offers     the     only 
available  method  of  increas- 
ing the  "freight-cargo"  ca- 
pacity of  any  given  ship.     Now  in  round  numbers — heating  power  and 
increased  stowage  being  considered  together,  weight  for  weight — petro- 
leum has  nearly  twice  the  heating  value  of  coal. 

The  fact  applies  itself  with  equally  as  much  force  to  the  locomotive 
engine,  where  the  reduced  capacity  of  the  tender  which  would  result, 
must  save  so  much  of  the  force  now  spent  in  dragging  about  an  ugly, 
clumsy  load,  in  many  cases  two-thirds  the  weight  of  the  engine  itself, 
or  more  properly,  the  engine  and  boiler. 

It  has  been  contended  that  the  employment  of  liquid  fuels  would 
be  productive  of  a  serious  source  of  risk  both  on  board  ship  as  well  as 
on  railways,  in  the  event  of  any  of  the  ignited  oil  becoming  spilt.  A  slight 
reflection,  however,  will  indicate  that  such  can  be  easily  avoided  by  the 
employment  of  properly  constructed  tanks  and  boilers ;  but  we  need  not 
dwell  on  this  point,  for  it  must  ever  be  remembered  that  to  be  burned 
with  ecouomy  and  not  to  develope  smoke,  petroleum  must  not  be  directly 
used  in  the  condition  of  either  crude  or  partly  refined  oil,  as  in  these 
conditions  it  is  impossible  to  rapidly  consume  the  whole  of  the  free  carbon 
given  off  by  the  incandescent  liquid  without  admitting  a  considerable 
surplus  of  atmospheric  air,  the  temperature  of  which  must  be  largely 
increased  before  taking  up  the  free  carbon,  thus  robbing  the  completely 
burning  portion  of  the  oil  of  part  of  its  steam-raising  effect,  and  we 
must  not  omit  to  consider  the  cooling  of  the  whole  furnace  by  the  passing 
through  it  of  so  much  cold  air.  Having  arrived  at  the  foregoing  con- 
clusions we  are  driven  to  inquire  in  what  form  these  liquid  fuels  may 
be  effectively  burned  ?  In  the  condition  of  gas,  is  the  only  answer  to  be 
found ;  so  that  only  the  exact  quantity  of  oxygen  necessary  for  diluting 
that  gas  may  be  admitted. 

Looking  at  the  proposition  generally,  it  is  quite  evident  to  a  scientific 
as  well  as  a  practical  mind,  that  in  the  state  of  gas  is  by  far  the  safer, 
as  well  as  the  most  effectual  way,  of  bringing  about  the  end  in  view. 

This  last  averment,  however,  developes  another  consideration,  which 
is,  that  before  the  fuel  (petroleum)  can  exist  as  gas  it  must  first  be 
submitted  to  the  influence  of  heat.  All  very  true,  and  were  this  to  be 
done  in  a  vessel  apart  from  that  wherein  the  whole  available  heat  of 
the  fuel  is  to  be  employed,  there  would  be  grave  reasons  for  objecting 
to  what  we  are  hereafter  to  arrive  at.  The  gasifying  of  the  oil  must, 
ob  initio,  be  carried  on  at  the  expense  of  carbonaceous  or  bituminous 
fuel,  and  when  this  takes  place  at  the  point  where  the  resulting  gas  as 
well  as  the  unused  heat  of  the  gasifying  fuel  does  its  share  in  bringing 
about  the  ultimate  end,  whether  it  be  raising  steam  or  what  not,  no 
positive  or  practical  loss  is  encountered. 

Reference  will  presently  be  made  to  a  system  of  employing  the  liquid 
fuels  for  heat-producing  purposes.  This  is  the  nearest  approach  yet 
made  to  a  bona  fide  mode  of  effecting  that  object.  But  before  pro- 
ceeding with  this,  it  is  deemed  preferable  to  draw  attention  by  a  few 
observations  to  a  method  of  utilizing  the  liquid  fuels  for  raising  steam, 
concerning  which  much  parade  has  of  late  been  made  in  official  quar- 
ters and  elsewhere :  we  mean  that   of  Mr.  C.  J.  Richardson,  with 
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which  the  Admiralty  have  lately  experimented  at  Woolwich;  this  to 
all  appearance,  as  well  as  to  good  common  sense,  is  quite  as  likely  to 
bring  about  the  desired  end,  as  was  that  gentleman's  system  of  so-called 
"  deflective  armour  "  for  ships  of  war,  proposed  and,  the  writer  believes, 
figured  either  by  drawings  or  models  at  Kensington  in  1862. 

Mr.  Richardson's  invention  is  described  in  the  specification  of  his 
patent  as  follows  :  — 

"  This  invention  has  for  its  object  improvements  in  arranging  steam 
boilers  and  other  furnaces,  in  order  to  render  them  more  suitable  for 
burning  petroleum  and  like  oils.  For  these  purposes  the  bed  or  lower 
part  of  a  furnace  is  constructed  in  such  manner  as  to  receive  com- 
pressed charcoal,  or  other  porous  matter,  either  as  a  single  complete 
layer  or  in  sections,  so  as  to  allow  of  atmospheric  air  passing  between 
the  sections.  Underneath  the  bed,  or  sections  of  the  bed,  there  is 
a  space  or  spaces  supplied  to  any  required  height  with  petroleum 
or  like  oil,  and  the  petroleum  or  oil,  or  the  vapour  thereof,  perco- 
lates upwards  through  the  porous  material  in  the  bed  or  sections  of 
the  bed  of  the  furnace,  and  it  burns  at  the  surface  of  such  porous 
material.  By  these  means  petroleum  and  like  oils  may  with  safety 
and  with  great  utility  be  burned  as  fuel  in  steam  engine  and  other 
furnaces. 

"  Having  thus  stated  the  nature  of  my  invention,  I  will  proceed  more 
fully  to  describe  the  manner  of  performing  the  same. 

"  Figure  1,  plan  of  grate  with  four  bars;  figure  2,  section  of  grate  on 
the  line  A,  figure  1  ;  figure  3,  section  of  grate  on  the  line  B,  figure  1 : 
figure  4,  section  of  grate  on  the  line  D,  figure  1 . 


oil  is  drawn  off;  I,  glass  indicator  showing  height  of  oil  in  the  grate, 
two  lines  are  drawn  across  it — when  the  oil  stands  at  the  upper  the 
fire  will  burn  fiercely,  when  at  the  lower  the  grate  is  fully  served; 

Fig.  4. 


A.- 


Fig.  3. 


"  a,  a,  arc  the  oil  chambers;  b,  the  oil  cistern,  with  five  openings  to 
admit  the  oil  into  the  chambers ;  c,  the  space  filled  with  water  from 
the  boiler;  rf,  the  vapour  chamber;  e,  the  pipe  conveying  the  vapour 
to  the  perforated  tube  permitting  its  escape ;  b',  the  perforated  tube : 
g,  air-tubes  conveying  air  to  mix  with  the  vapour.  Figure  5,  section 
of  one  bar  to  a  larger  scale,  showing  the  filling  in  with  the  porous 
material ;  h,  the  porous  material ;  i,  the  pipe  by  which  the  oil  enters 
the  grate;  tap  No.  1,  regulating  the  flow;  h,  the  pipe  by  which  the 


m,  descending  tube,  conveying  water  from  boiler  to  grate,  by  prefer- 
ence from  upper  part  of  boiler ;  re,  ascending  tube  returning  water 
from  grate  to  boiler,  by  preference  to  lower  part  of  boiler ;  o,  filling 
tube  to  boiler,  the  water  passing  through  grate  ;  p,  p,  bars  attached  to 
boiler,  permitting  grate  to  slide  over  them. 

"  The  operation  is  as  follows  : — The  oil  chambers 
are  packed  tightly  with  porous  material,  the  oil  enters 
R  quickly,  ascends,  and  completely  soddens  the  porous 

material  which  soon  shows  an  oily  surface ;  when 
paper  pressed  upon  it  becomes  saturated  it  cau  be 
lighted,  the  oil  on  the  surface  vaporizes  as  soon  as  it 
becomes  warm,  the  vapour  takes  fire,  and  will  con- 
tinue to  burn  as  long  as  there  is  any  oil  in  the  cham- 
bers; if  sufficiently  hard,  the  porous  material  remains 
uninjured ;  the  flame  is  continued  at  pleasure  by 
admitting  the  oil.  The  vapour  chamber  is  placed  in 
the  hottest  part  of  the  grate,  it  collects  and  forms 
vapour ;  this  is  conducted  to  a  perforated  tube,  and 
allowed  to  escape;  taking  fire  from  the  flame  of  the 
grate,  it  gives  additional  heat,  and  tends  to  burn  the 
smoke;  air  is  admitted  to  aid  the  operation.  To 
prevent  the  grate  getting  too  hot,  as  well  as  to 
obtain  all  the  heat  given  out  by  the  combustion  of 
the  oil,  the  water  from  the  boiler  circulates  through 
the  grate  and  returns,  q,  figure  2,  is  a  shield  to 
5  prevent  the  air  and  vapour  tubes  becoming  too  hot; 
this  shield  is  not  shown  in  the  other  figures.  The 
porous  material  goes  to  the  bottom  of  the  oil  cham- 
bers, it  sucks  up  the  oil,  otherwise  the  latter  would 
boil  and  produce  too  much  vapour,  which  would 
escape  to  the  vapour  tube.  The  kind  of  porous 
material  to  be  used,  its  thickness  and  depth,  whether 
it  should  be  of  one,  two,  or  more  sorts,  must  be 
according  to  the  work  required,  and  to  the  nature  of 
the  oil.  There  are  several  kinds  of  porous  material, 
thin  slices  or  blocks  of  porous  brick,  pumicestone, 
lime,  charcoal,  or  moulded  carbon,  bath  brick, 
natural  or  artificial  porous  stone,  loam,  or  sand  core, 
used  in  foundries;  lime,  charcoal,  or  such  like  in 
powder,  either  placed  upon  or  between  solids  sponge 
when  placed  below  other  porous  material ;  the 
thinner  and  more  open  the  material  the  fiercer  the 
combustion  and  the. greater  the  smolce;  mineral  salt, 
with  a  thin  top  of  moulded  carbon  or  charcoal  makes 
a  good  packing,  out  the  salt  by  itself  soon  burns  to  cinder  and  will  not 
last.  The  bottom  of  the  oil  chambers  inclines  downwards  to  the 
cistern,  to  allow  any  thick  matter  to  descend  to  be  taken  out.  When 
the  flame  is  to  be  extinguished  the  cover  is  to  be  put  over  it,  the 
vapour  being  permitted  to  burn  itself  out.  The  upper  surface  of  the 
grate  should  be  six  or  seven  inches  only  under  boiler. 

"  The  petroleum  oils  I  have  used  in  the  apparatus  have  been  the 
Pennsylvauian,  Waliachian,  Rangoon,  and  the  English  crude  coal  oil. 
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The  Rangoon,  as  thick  as  half-melted  snow,  requires  to  be  mixed, 
for  one  or  two  gallons  to  a  little  petroleum  spirit,  and  well  stirred  to  make 
it  fluid ;  when  the  grate  is  well  warmed,  the  oil  in  its  natural  state  can 
be  put  into  the  cistern  in  any  convenient  way." 

Now,  it  is  quite  clear  that  no  display  of  scientific  skill  has  been  used 
in  devising  the  arrangements  to  which  reference  has  just  been  made. 
In  the  first  place,  the  inventor  does  not  see  his  way  to  better  employ  the 
unburned  carbon  than  by  allowing  it  to  escape  as  smoke  ;  still,  appar- 
ently aware  of  this  nuisance,  he  proposes  to  employ  the  vapour,  which 
he  collects  in  a  separate  chamber,  and,  to  repeat  his  own  words : — 
"this  is  conducted  to  a  perforated  tube  and  allowed  to  escape,  taking 
fire  from  the  flame  of  the  grate,  it  gives  additional  heat  and  tends  to 
burn  the  smoke,"  whilst  air  is  admitted— without  considering  its  inju- 
rious effects,  which  we  have  previously  pointed  out — to  complete  the 
consumption.  The  form  of  apparatus  which  Mr.  Richardson  has  pro- 
posed is  also  both  awkward  and  difficult  of  construction. 

Messrs.  William  Sim  and  Arthur  Barff,  of  Glasgow,  have  carried  out 
a  process  embodying  the  principles  above  advocated.  By  their  inven- 
tion the  petroleum,  or  other  hydrocarbon,  is  first  converted  into  a 
permanent  gas  in  the  furnace  of  the  boiler  or  heat  recipient,  a  small 
quantity  of  coal  being  primarily  used  for  effecting  this  change  of  con- 
dition. The  gas  is  supplied  with  an  amount  of  hydrogen,  which  mixes 
with  the  carbon  in  the  best  proportion  for  burning,  and  the  mixture 
is  thus  admitted  into  an  atmosphere  of  oxygen,  through  which  it  is 
carried  in  jets  or  long  Hues  of  flame  against  the  absorbent  surfaces 
and  tubes  of  the  boiler.  It  may  be  also  mentioned  that  the  additional 
hydrogen  is  obtained  by  decomposing  a  small  quantity  of  water  in  the 
same  vessel  wherein  the  oil  is  vaporized ;  the  proportion  of  oxygen  thus 
liberated  unites  with  a  portion  of  the  carbon  and  forms  carbonic  oxide. 

It  is  proposed  to  give  full  drawings  and  a  description  of  this  invention, 
which,  if  successful,  must  be  of  great  commercial  importance,  in  an  early 
part  of  this  Journal. 


WILSON'S     FURNACES. 

(Illustrated  by  Plate  6.) 

On  previous  occasions  we  have  but  briefly  alluded  to  soma  of  the 
several  improvements  in  furnaces,  which  have  during  the  last  five  or 
six  years  been  introduced  by  Mr.  E.  B.  Wilson.  In  the  present 
instance  we  are  fortunate  in  being  able  to  draw  attention  to  an 
arrangement  of  re-heating  furnace,  which  has  been  in  regular  operation 
for  some  months  at  the  rivet  works  of  Messrs.  Miller,  Stobcross  Street, 
Glasgow.  The  accompanying  Plate  is  a  longitudinal  section  through 
the  centre  of  the  furnace,  and  we  have  made  this  particular  selection 
partly  for  the  reason  that  with  it  the  most  extensive  series  of  experi- 
meuts  have  been  made,  and  partly  because  we  have  more  frequently 
had  it  under  our  own  inspection,  than  the  many  others  which  are 
erected  on  Mr.  Wilson's  arrangement,  in  the  neighbourhood  of  Glasgow 
and  Manchester. 

We  may  explain  the  principle  which  the  inventor  has  so  long 
advocated,  and  which,  we  are  able  to  state,  is  beginning  to  be 
accepted,  as  follows : — The  combustion  is  carried  on  inversely  to  the 
usual  practice ;  that  is  to  say,  the  fuel  is  burnt  from  the  upper  or 
outside  surface  downwards  or  inwards,  instead  of  from  the  inside  or 
lower  surface  upwards,  as  usual.  We  now  proceed  to  the  consequences 
which  result  from  this  inversion.  When  the  furnace  is  in  full  opera- 
tion, the  door,  A,  is  kept  partly  open,  as  shown  by  dotted  lines,  and  the 
whole  of  the  atmospheric  air  supplied  to  cany  on  combustion  with  coal 
is  admitted  through  the  inlet  thus  made.  On  first  rushing  in  the  air 
passes  through  a  cold  stratum  of  coal,  which  for  convenience  we  will 
suppose  to  extend  as  far  as  the  line  a  a.  Below  this  line  the  coal 
commences  to  smoulder,  giving  off  free  carbon  vapour  and  the  hydro- 
genous gases.  At  this  point  the  oxygen  for  diluting  the  gaseous  products 
and  the  free  carbon  become  rapidly  and  completely  combined,  whilst 
at  the  same  time,  a  surplus  of  oxygen  is  admitted  to  keep  up  the  com- 
bustion of  the  ignited  solid  carbon  on  the  outside  of  the  smouldering 
fuel.  Thus  it  is  evident,  that  before  the  carbon  vapour,  as  well  as  the 
other  gases  emitted  from  the  fuel,  can  escape  into  the  body  of  the 
furnace,  they  must  first  of  all  pass  through  the  outlying  stratum  of 
completely  burning  carbon  ;  by  this  means  the  entire  gaseous  mixture  is 
immediately  raised  to  the  highest  heat  obtainable  from  the  solid  fuel, 
giving  out  in  addition  the  total  heat  derived  from  its  own  complete 


combustion.  To  render  this  theory  more  intelligible,  a  line  is  drawn  on 
the  plate,  through  the  fuel,  dividing  it  into  two  strata,  the  back  part, 
extending  from  c  to  d,  being  the  smouldering  coal  giving  off  the  gases, 
which  pass  in  the  direction  of  the  arrows  through  the  red-hot  carbon 
e  e,  &c.  The  arrows  show  the  direction  in  which  the  gases  move  as 
soon  as  they  are  formed,  by  which  the  heating  chamber  is  continuously 
filled  with  an  intense  white  flame.  One  great  source  of  economy 
resulting  from  Mr.  Wilson's  furnace,  depends  upon  the  fact,  that  in 
it  the  whole  of  the  hydrogenous  compounds  are  most  effectually 
employed;  whereas,  in  the  ordinary  method  of  burning  on  firebars, 
these  compounds  and  mixtures  of  hydrogen,  as  soon  as  formed,  pass 
immediately  from  the  hottest  part  of  the  fuel  through  the  cooler  green 
coal  lying  on  the  top,  and  thence  to  parts  of  the  furnace  and  flues  of  a 
still  lower  temperature — the  result  oi  which  is,  that  the  greater  part  of 
this  most  valuable  element  passes  into  the  chinmey,  doing  in  its  course 
little  or  no  duty  ;  and  when  we  consider  that  the  heating  value  of 
hydrogen  to  carbon  completely  burnt  is  as  4' 585  :  1,  it  is  at  once 
evident  how  important  it  becomes  to  husband  the  former  element, 
though  but  a  small  quantity  of  it  should  exist  in  the  fuel. 

A  great  practical  advantage  resulting  from  this  arrangement  of 
furnace  is,  that  through  the  position  of  the  fuel  it  becomes  self-regu- 
lating; for  as  the  ignited  portion  is  continually  consumed,  in  a  proportion 
precisely  corresponding  does  the  green  fuel  descend  by  gravity,  all  that 
is  needed  being  occasionally  to  fill  up  the  hopper  at  the  furnace  mouth. 
A  door  is  formed  in  one  side  of  the  furnace,  as  shown  at  f  in  dotted 
lines,  through  which  a  bar  is  occasionally  introduced  for  shaking  the 
lower  part  of  the  fuel ;  this,  however,  with  good  coal  is  seldom,  if  ever, 
required.  Another  door,  g,  is  fixed  at  the  bottom,  through  which  the 
refuse  is  drawn,  and  this  we  may  mention,  is  so  small  (evidently 
proving  the  completeness  of  the  combustion),  as  an  instance,  we  may 
mention  that  on  one  occasion  we  happened  to  be  present  when  a 
puddling  furnace  was  drawn,  in  which,  since  the  previous  clearing  out, 
41  cwt.  of  fuel  had  been  burnt,  the  residue  was  not  over  20  lbs  in 
weight.  The  holes,  i  i,  &c,  on  the  Plate  are  for  the  insertion  of  the  bars 
to  be  heated. 

Those  furnaceshave  long  been  working  at  Mr.  de  Bergue's,  Manchester, 
giving  maximum  results  as  regards  economy  of  fuel,  complete  combustion 
thereof,  and  entire  freedom  from  smoke ;  we  believe  Mr.  de  Bergue  is 
quite  satisfied  in  every  way  with  his  furnaces,  and  that  they  have  always 
given  sufficient  intensity  of  heat. 

Up  to  within  the  last  four  months  it  has  been  found  very  difficult  to 
get  beyond  a  certain  degree  of  heat,  also  to  carry  it  a  great  distance. 
It  is  now,  however,  found  an  easy  matter  to  continue  the  heat  over 
a  long  length,  or  confine  it  in  a  limited  space.  Mr.  Wilson  has 
lately  confined  his  operations  to  one  set  of  works,  for  the  perfecting  of 
his  invention ;  and  we  have  much  pleasure  in  stating,  that  the  directors 
of  the  Gartness  Iron  and  Steel  Company,  Airdrie,  near  Glasgow,  have 
passed  a  resolution  to  adopt  the  furnace.  From  their  weekly  returns 
they  find  a  saving  of  one-third  the  fuel,  which  they  consider  will  be  yet 
reduced  to  one-half.  It  is  further  found  that  the  yield  of  iron  is  in 
excess  of  the  system  now  practised.  The  quality  of  iron  is  very 
regular,  and  superior  to  that  generally  made.  We  believe  it  may  be 
safely  said,  the  iron  trade  have  now  the  opportunity  of  adopting  a 
furnace  producing  a  quality  of  iron  that  we  have  hitherto  had  to 
import,  and  at  a  saving  in  cost  of  which  we  only  shadow  the  beginning. 
We  see  many  important  results  that  must  ensue  from  the  introduction  of 
Mr.  Wilson's  furnace  in  many  districts  where  coals  are  expensive. 

It  must,  however,  be  remarked,  that  this  system  of  burning  coal  is 
applicable  to  furnaces  generally,  especially  to  steam  boilers,  several  of 
which  are  being  altered  in  the  neighbourhood  of  Glasgow.  In  conclud- 
ing this  notice  we  feel  it  our  duty  to  add,  that  by  the  adoption  of  the 
invention  which  it  has  fallen  to  our  lot  to  illustrate,  the  nuisance  smoke 
need  no  longer  exist. — V.  D. 


THE   ROYAL   AGRICULTURAL   SOCIETY'S   MEETING    AT 
PLYMOUTH. 

Tins  meeting,  the  visit  of  the  Prince  and  Princess  of  Wales,  and  the 
arrival  of  the  French  squadron  at  Plymouth,  have  created  an  unusual 
amount  of  public  interest  to  be  directed  to  the  western  metropolis. 
Although  no  doubt  desirable  for  the  general  good  of  agriculture  that 
the  meeting  of  this  powerful  society  should  be  held  in  all  parts  of  Eng- 
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land,  it  is  clearly  a  loss  to  the  society  and  to  the  bulk  of  exhibitors  when 
the  meeting  happens  to  take  place  in  a  district  so  remote  as  the  extreme 
west.  The  visit  of  the  Prince  and  Princess  of  Wales,  and  the  accidental 
arrival  of  the  French  squadron,  have,  however,  contributed  to  enlarge 
the  number  of  visitors ;  but  nothing  like  the  numbers  attained  in  the 
central  counties  can  be  this  year  expected.  The  railroad  accommoda- 
tion is  loo  scanty  to  supply  the  desired  number  of  shilling  visitors. 

The  implements  exhibited,  to  which  our  attention  has  been  exclusively 
directed,  show  no  falling  off  in  point  of  numbers,  there  being  no  less 
than  4023  separate  entries.  We  are  glad  to  recognize  the  names  of  all 
the  large  firms  as  exhibitors,  and  the  stands  also  disclose  a  fair  number 
of  local  names.  The  show  each  year  seems  to  bring  to  light  a  number 
of  small  makers  in  the  separate  localities,  showing  that  in  the  aggregate 
agricultural  implement  makers  form  no  contemptible  section  of  the 
community. 

Our  readers  are  aware  that  the  society  takes  a  certain  class  of  imple- 
ments into  examination  each  year.  The  prizes  at  Plymouth  are  given 
to  drills,  horse  hoes,  haymakers,  horse  rakes,  grass  mowers,  and  reaping 
machines  ;  and  such  numbers  of  these  implements  have  been  exhibited 
and  tested  as  to  tax  severely  the  powers  of  the  judges,  whilst  the  exhi- 
bitors in  some  instances  loudly  complain  that  sufficient  time  is  not  given 
to  thoroughly  test  each  machine. 

The  reaping  and  mowing  machines  have  this  year  attracted  greatest 
notice.  Many  farmers  who  have  quite  made  up  their  minds  to  mechan- 
ical cutting,  have  postponed  their  decision  as  to  the  machine  to  be 
purchased  until  after  the  Plymouth  show.  We  fear,  however,  that  the 
trials  have  been  conducted  under  such  unfavourable  circumstances  as 
to  render  the  result  of  comparatively  small  value. 

Few  of  the  tipping-platforms  could  work  without  frequent  stoppages, 
the  crops  being  too  heavy  and  tangled  for  them.  In  ordinary  crops, 
however,  the  tipping-platform,  if  properly  constructed,  greatly  facilitates 
delivery.  AVood's  and  Hornsby's  platforms  acted  well,  and  Picksley 
and  Sim's  machine  made  very  satisfactory  work.  The  best,  however, 
was  that  of  Cuthbert's  simply-made  machine,  with  a  fiat  immovable 
platform,  the  cutting  being  beautifully  done,  and  the  delivery,  in  small 
bunches  ready  for  binding,  accomplished  with  regularity  and  apparent 
case.  In  Hornsby's  new  reaper  a  rakeman  gathers  the  crop  to  the 
machine,  catches  the  cut  corn  upon  a  tipping  platform,  and  by  a  movement 
of  his  foot  drops  the  bunch  upon  a  number  of  endless  chains  on  a  lower 
platform,  these  delivering  the  bunch  at  one  side  out  of  the  next  track 
of  the  horses.  This  machine  has  the  advantage  of  the  rakeman's  dis- 
cretion in  separating  and  lilting  up  the  tangled  corn  and  forming  it  into 
a  proper  bunch,  while  the  man  is  relieved  of  the  pushing  the  cut  corn 
off  the  platform.  But  the  sheaves  are  not  only  laid  in  good  form  for 
binding — an  important  point,  both  in  facilitating  labour  and  securing 
most  of  the  ears  at  the  top  of  the  "  stook  "  when  set  up — they  are  also 
delivered  completely  out  of  the  way  of  the  next  course  of  the  machine  ; 
so  that,  as  with  all  side-delivery  reapers,  the  machine  has  never  to  wait 
for  the  precise  number  of  hands  proportioned  to  the  crop,  and  barley  or 
heavy  wheat  may  be  left  for  any  length  of  time  untied  and  drying  under 
sun  and  air.  Self-acting  sheafing  machines  have  been  introduced  since 
the  last  (or  Leeds)  trial  of  reapers,  and  with  considerable  success. 
Samuelson's  automatic  rakes,  revolving  something  like  four  sails  of  a 
windmill  on  an  axis  nearly  vertical,  and  guided  by  a  circular  cam  so  as 
to  enter  into  the  crop  endwise,  lay  the  corn  back  over  the  cutters,  and 
then  clear  off  the  cut  sheaf  by  sweeping  radially  over  the  platform, 
worked  with  a  quiet  motion  favourable  to  very  ripe  grain. 

Wood's  machine,  with  a  single  rake-arm,  revolving  in  a  similar  posi- 
tion, but  in  conjunction  with  an  ordinary  reel  on  a  horizontal  axis  for 
bringing  the  corn  upon  the  platform,  has  also  great  merit ;  and  the 
delivery  can  be  delayed  at  pleasure  by  the  driver,  to  form  sheaves  of 
any  size.  Burgess  &  Key's  machine  made  the  cleanest  and  best  cut, 
but  the  breadth  taken  proved  too  much  for  the  delivering  powers  of  the 
rake;  and  the  velocity  of  the  rake  (revolving  in  the  place  of  one  of  the 
real  boards)  caused  it  to  toss  up  into  the  air  much  of  the  corn  that 
should  have  been  quietly  laid  in  neat  sheaves. 

One  point  made  apparent  during  the  trials  is,  that  sheaf  delivery,  if 
not  effected  by  too  sudden  and  violent  a  motion,  thrashes  out  less  grain 
than  swathe  delivery  does,  as  only  the  outer  portions  of  each  sheaf 
meet  with  concussion,  while  in  the  swathe  almost  every  ear  encounters 
a  hard  stroke  from  the  reel-board,  the  platform,  or  projections  on  the 
belts  or  chains.  The  screw  platform  of  Burgess  and  Key's  old  machine 
was  comparatively  free  from  this  objection ;  Hornsby's  swathing  ma- 


chine worked  very  well  until  the  crop  proved  too  much  for  the  divid- 
ing iron  ;  and  the  machines  of  the  Beverley  Company  hardly  proved 
equal  to  the  difficult  task  before  them.  These  reapers  possess  peculiar 
facilities;  the  horses,  walking  behind,  can  charge  into  the  midst  of  a 
standing  crop  without  any  previous  opening  of  a  path  by  the  scythe,  and 
the  swathe  may  be  delivered  to  right  or  left ;  and,  as  there  is  no  "  side- 
draught,"  the  three-horse  machine  can  take  an  eight-feet  width  of  cut, 
mowing  a  much  larger  acreage  per  day  than  is  attainable  by  any  other 
reaper.  The  framing,  the  position  of  the  platform,  and  details  of  the 
working  parts,  have  been  lately  much  improved. 

Fourteen  grass  mowers  were  tested  upon  a  piece  of  thin,  weedy 
meadow,  laid  flat  by  rain,  and  with  a  difficult  bottom  for  the  cutters  to 
travel  over.  In  Barber's  Eagle  mower  you  can  lift  either  end  ol  the 
finger-bar  to  pass  over  an  obstruction.  In  Samuelson's  mower  you 
raise  the  finger-bar  and  set  the  wheel-work  in  or  out  of  gear — all  by 
means  of  your  foot.  In  Child's  American  "  clipper  "  the  draught-iron 
from  the  whipple-trees  is  made  to  relieve  the  finger-bar  of  its  down- 
ward pressure  upon  the  ground,  and  by  a  lever  you  can  give  the  cutters 
more  or  less  pitch,  without  stopping  the  horses.  In  Hornsby's 
mower  the  finger-bar  is  at  liberty  not  only  to  rise  and  fall  of  its  own 
accord  at  either  end,  but  also  to  twist,  as  it  were,  so  that  the  cutters 
always  creep  close  to  the  ground,  the  "  pitch"  being  self-regulated  by 
a  small  castor-wheel  travelling  in  advance.  In  Kearsley's  mower 
the  whole  frame  accommodates  itself  in  this  manner  to  inequalities  of 
surface,  guaged  by  a  larger  castor-wheel  travelling  in  front,  and  the 
framework  is  of  wrought  iron.  Burgess  and  Key's  new  mower  packs 
all  the  mechanism  in  a  wonderfully  small  space  between  the  finger-bar 
and  one  of  tire  main  driving  wheels,  over  the  track  cleared  by  the  last 
course  of  the  machine ;  and  thus  the  crank-shaft  can  be  placed  close  to 
the  ground,  bringing  it  on  a  level  with  the  cutters,  reducing  the  friction 
in  work,  and  shortening  and  strengthening  the  connecting-rod. 

Between  Thursday  morning  and  Saturday  night,  nine  general-purpose 
drills,  fifteen  corn-drills,  fourteen  small-occupation  corn  drills,  two  hill- 
side-delivery drills,  fourteen  turnip-drills  on  the  flat,  eight  turnip-drills 
on  the  ridge,  five  drills  for  small  seeds,  four  drill-pressers,  eight  dry- 
manure  distributors,  three  liquid-manure  drills,  five  liquid-manure  dis- 
tributors, and  nine  horse-hoes  on  the  flat,  were  subjected  to  actual  trial. 
The  drills  were  worked  in  turn  with  the  requisite  varieties  of  seeds  and 
manures,  the  construction  and  mechanical  details  examined,  and  selected 
drills  made  to  deposit  upon  hard  road,  where  the  regularity  of  dis- 
tribution could  be  seen,  as  well  worked  for  some  time  with  the  coulters 
in  pulverized  soil.  Hornsby's  arrangement  of  the  manure  barrel  in  the 
common  drill  is  an  effective  improvement.  Coultas  has  introduced 
many  simple  but  valuable  details  into  his  first- class  drills  for  all  purposes, 
more  particularly  the  copper  "tins  "  for  artificial  manure.  Reeves  has 
furnished  his  liquid-manure  drill  with  a  cylinder  that  prevents  the  cups 
from  breaking ;  and  Saint}'  has  brought  out  a  novelty  in  the  shape  of 
springs  instead  of  weights  upon  the  drill  levers,  an  invention  that 
lightens  the  implement  and  adds  to  its  efficiency  where  level  and  well- 
pulverized  seed-beds  are  to  be  sown.  In  dry-manure  distributors,  little 
advance  has  been  made  upon  Chambers's  barrel  with  scrapers  for 
sowing  either  minute  or  considerable  quantities  per  acre.  Priest  and 
Woolnough's  horse-hoe  now  competes  against  the  novel  implement  of 
Sainty,  with  the  spring  levers  and  light  lifting  frame  supplanting  the 
old  chains  and  winding  barrel,  and  Hornsby  brings  out  a  horse-hoe 
having  a  swing  steerage  operating  with  spring  hangers  in  an  exact  and 
easy  manner.  These  weeding  implements  were  tried  upon  young 
growing  rye,  and  again  upon  a  turnip  crop. 

Amongst  the  heavier  class  of  machinery,  we  noticed  Aveling  and 
Porter's  eight-horse  power  locomotives,  which  travelled  from  Rochester, 
hauling  another  engine  and  a  couple  of  heavy  trucks  along  the  turnpike 
roads,  at  the  rate  of  about  fifty  miles  a  day.  John  Fowler  &  Co.  exhibit 
a  ten-horse  power  single  cylinder  engine,  fitted  for  traction  purposes  and 
stationary  driving  only,  without  the  cultivating  gear.  This  engine 
demonstrated  clearly  by  various  experiments  its  great  power  and 
remarkable  facilities  at  different  speeds  and  varying  loads  upon  all  sorts 
of  curves  and  gradients.  The  Leeds  Steam-plough  Works  exhibit 
here,  in  operation,  both  the  single  and  double  engine  system  of  steam 
culture.  Messrs.  Howard,  of  Bedford,  show  the  adaptability  of  their 
new  traction-engine  for  working  upon  hill-sides,  the  boiler  being  placed 
crosswise  upon  the  carriage  frame,  and  thus  preserving  the  water-level. 
Our  readers  will  find  a  notice  of  this  engine  in  our  report  of  the  last 
Smithfield  Club  show.     Blackburn's  traction-engine,  carrying  the  boiler 
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inside  a  large  plate-iron  drum,  is  designed  to  travel  over  soft  ground 
without  sinking.  An  engraving  of  this  engine  has  already  appeared  in 
our  pages.  Allen's  portable  expansive  engine  has  attracted  consider- 
able attention  upon  the  "stand"  of  Messrs.  Tuxford  &  Sons,  who 
exhibit  also  an  improved  horizontal-cylinder  engine,  having  an 
amazingly  reduced  consumption  of  fuel  and  water.  Wright  shows  a 
straw-elevator,  in  which  travelling  forks  take  the  straw  from  the 
thrashing-machine  and  carry  it  upon  endless  ropes  to  any  distance  or 
height.  Robert  Willacy,  Esq.,  of  Penwortham  Priory,  Lancashire, 
exhibits  a  new  method  of  supplying  a  continuous  cattle-trough  with 
prepared  food — a  combined  oilcake-breaker  and  turnip-slicer  travels 
upon  a  tramway  alongside  the  trough,  propelled  by  the  crank-handle 
that  is  crushing  or  cutting  the  stuff. 

Brown  and  May  show  a  compact  arrangement  of  the  "  Cannon  " 
pump  upon  the  side  of  a  portable  engine.  Webber  and  Co.,  dispense 
with  the  ordinary  vibrating  board  in  the  thrashing-machine,  by  means 
of  staple-shaped  scrapers  under  the  shaker  boxes.  Maynard  exhibits  a 
powerful  chaff-cutter,  working  with  four  knives,  cutting  up  straw  into 
very  fine  chaff  (and  sifting  it)  as  fast  as  the  straw  can  come  from  a 
thrashing-machine.  Messrs.  Garrett  have  brought  out  a  machine, 
much  resembling  a  thrashing-drum,  for  bruising  or  rather  triturating 
straw  into  fine  soft  shreds,  making  the  sharp  hard  fodder  palatable  to 
stock,  and,  in  fact,  doing  for  our  straw  what  pulping  has  done  for  our 
roots.  The  demand  for  these  machines  at  present  is  mainly  in  Spain, 
Egypt,  and  countries  where  a  valuable  pithy  straw  forms  the  main  diet 
of  the  farmer's  draught  animals.  Driven  by  an  eight-horse  engine,  the 
machine  is  capable  of  preparing  some  half  to  three  quarters  of  a  ton  per 
hour.  Other  makers  also  are  turning  their  attention  to  the  utilization  of 
the  least  costly  and  most  wasted  product  of  the  farm.  One  novel  imple- 
ment is  the  "  rotary  spader,"  or  digging  machine,  of  Mr.  Comstock,  an 
American  inventor — a  new  form  of  the  old  idea  of  a  revolving  fork  drawn 
by  horses.  This,  however,  was  not  taken  to  the  trial-field.  Skelton's 
turnwrest  plough,  with  rack  and  pinion  movement,  is  a  new  and  meri- 
torious implement.  Brinsmead  shows  a  thrashing  and  "need-making" 
machine  for  preparing  the  unbroken  straw  which  makes  the  unequalled 
thatch  prevalent  in  Devonshire.  The  grain  is  stripped  out  of  the  ears 
by  revolving  fork  tires,  the  straw  being  held  in  bunches,  much  after 
the  manner  of  holding  flax  in  a  scutch  mill. 

We  noticed  few  other  novelties  amongst  the  other  classes  of  imple- 
ments. Messrs.  Clayton,  Shuttleworth,  and  Co.,  Messrs.  Garrett  and 
Sons,  Messrs.  Ransomes  and  Sims,  the  Beverley  Iron  and  Waggon 
Co.,  Mr.  Bentall,  Messrs.  Hornsby,  Messrs.  Tasker  and  Sons,  Messrs. 
Samuelson  and  Co.,  are  all  large  exhibitors. 

We  also  notice  year  by  year  an  extension  of  the  heterogeneous 
articles  such  as  egg  whippers,  bread  cutters,  boot  cleaners,  garden 
seats,  cinder  sifters,  knife  cleaners,  cooking  apparatus,  sewing  machines, 
&c,  the  particular  relation  of  which  to  agricultural  pursuits,  however, 
we  cannot  see. 


LENOIR'S  GAS   ENGINE. 

Illustrated  by  Plate  7. 

Tnis  ingenious,  and  in  many  cases  highly  useful,  motive  power  engine 
is  now  attracting  considerable  attention  both  in  this  country  and  on  the 
continent ;  and  although  we  have  already  referred  to  it  in  our  previous 
pages,  having  given  a  detailed  description  of  its  construction  and 
action ,*  we  have  not  hitherto  had  the  opportunity  of  presenting  a 
complete  view  and  general  description  of  the  engine  in  working 
condition,  and  in  its  most  recent  form,  to  the  notice  of  our  readers. 
The  engine,  which  we  illustrate  by  Plate  7,  is  the  result  of  a  con- 
siderable amount  of  care  and  study  on  the  part  of  its  inventor,  M. 
Lenoir,  who  has  from  time  to  time  made  various  improvements  and 
modifications  tending  to  the  greater  simplification  and  more  practical 
contraction  of  the  details.  M.  Lenoir  patented  his  original  idea  of  a 
gas  and  expanded  air  engine,  in  this  country,  in  1860.  His  first 
notion  was  to  admit  the  air  and  gas  into  the  working  cylinder  by  means 
of  a  slide  valve  and  ports,  similar  to  those  of  a  steam  engine ;  but  the 
slide,  in  lieu  of  being  contained  within  a  valve  chest,  was  open  to  the 
atmosphere  and  kept  tight  against  the  valve  faces  of  the  cylinder  by 
adjusting  screws.  The  port  which  in  a  steam  engine  answers  the  pur- 
pose of  the  exhaust  served  as  the  air  inlet,  being  in  communication  by 
*  Vol.  vi.  (s.a.),  page  199. 
THIRD    SERIES.— VOL.  I 


a  nozzle  with  the  atmosphere,  and  the  gas  was  supplied  to  one  or 
other  of  what  would  otherwise  be  the  steam  ports  by  being  let  into 
the  hollow  chamber  of  the  slide  through  an  opening  in  the  back  of  the 
valve;  this  opening,  as  the  valve  reciprocated,  was  brought  alternately 
opposite  to  one  or  other  of  two  gas  nozzles,  the  cut-off  of  the  gas 
being  effected  by  the  passage  of  the  opening  in  the  back  of  the  valve 
from  one  nozzle  to  the  other,  both  nozzles  being  fitted  into  a  plate, 
against  which  the  valve  worked  gas-tight.  The  valve  was  so  worked 
and  adjusted  as  to  open  the  air  inlet  a  little  before  the  gas  inlet,  and 
consequently  a  supply  of  air  was  drawn  into  the  cylinder  by  the  piston 
before  the  gas  entered  therein  ;  the  air  and  gas  as  stated  by  the  inven- 
tor being  made  to  form  distinct  strata  under  the  cylinder,  in  lieu  of 
being  mixed  together.  The  object  of  admitting  the  air  first,  was  to 
neutralize  the  effect  of  the  carbonic  acid  gas  formed  in  the  cylinder  by 
the  previous  combustion.  In  this  condition,  with  one  half  of  the 
cylinder  charged,  the  gas  was  ignited  by  an  electric  spark  obtained  by 
the  aid  of  a  pair  of  electrodes  at  each  end  of  the  cylinder  in  communi- 
cation with  a  battery  and  Rhumkorff  coil.  The  expansion  of  the  air 
in  the  cylinder  produced  by  the  combustion,  by  acting  on  the  piston, 
caused  it  to  traverse  the  cylinder.  The  piston  rod  was  connected  in 
the  usual  manner,  by  a  connecting  rod,  with  the  crank  shaft  of  the 
engine,  which  also  carried  eccentrics  for  working  the  slide  valves ;  one 
of  these  valves  we  have  already  referred  to,  the  other  which  was  situate 
on  the  opposite  side  of  the  cylinder  was  of  a  similar  construction  to  the 
first,  with  the  exception  that  there  was  no  gas  inlet  orifice  through 
the  back  of  the  slide.  The  ports  in  communication  with  this  valve 
were  precisely  similar  to  those  of  an  ordinary  steam-engine  cylinder. 
The  object  of  the  second  valve  and  ports  was  to  serve  for  the  educ- 
tion of  the  foul  air  and  products  of  combustion  after  each  stroke  of 
the  piston. 

The  electric  current  was  directed  to  one  or  other  of  the  two  igniters 
by  a  simple  form  of  rotatory  commutator,  fitted  on  to  the  crank-shaft 
of  the  engine,  and  so  arranged  that  the  necessary  make  and  break  of 
contact  should  be  produced  at  the  precise  moment  required.  As  it 
was  found  that  the  working  cylinder  was  liable  to  become  considerably 
heated  by  the  ignition  of  the  gas  inside  it,  a  water  chamber  was  cast 
in  the  cylinder  body,  and  a  continual  stream  of  cold  water  allowed  to 
flow  through  it.  Such  were  the  general  features  of  M.  Lenoir's  inven- 
tion in  1800.  In  1861  he  obtained  a  second  patent  for  improvements 
on  his  former  plans.  During  the  course  of  his  improvement,  M.  Lenoir 
discovered  that  the  admission  of  the  air  and  gas,  in  regular  and  alternate 
layers  or  strata  inside  the  cylinder,  was  a  very  important  feature  in  the 
obtaiument  of  a  proper  and  perfect  combustion  of  the  gas,  and  conse- 
quent expansion  of  the  air.  To  insure  this  result,  M.  Lenoir  very 
considerably  modified  the  form  and  general  arrangement  of  the  air  and 
gas  inlets  and  valves  connected  therewith.  As  in  the  first  arrange- 
ment, the  inlet  slide  valve  is  open  to  the  atmosphere,  being  kept  tight 
against  the  cylinder  valve  face  by  the  pressure  against  the  back  of  the 
valve  of  oblong  nozzles  cast  longitudinally  along  the  side  of  two  vertical 
cylinders,  bolted  to  the  side  of  the  main  cylinder,  which  is  placed 
horizontally.  These  small  cylinders  or  vessels  serve  as  receivers  for 
the  gas  just  before  it  enters  the  main  cylinder,  a  forked  gas  pipe  sup- 
plying both  receivers  simultaneously.  One  of  these  gas  receivers 
communicates  by  an  oblong  slot  or  port  in  its  nozzle  with  one  end  of 
the  main  cylinder,  and  the  other  with  the  opposite  end.  The  slide 
valve  has  two  rows  of  small  tubes  fitted  therein,  each  row  of  tubes, 
when  brought  opposite  to  the  respective  slot  or  opening  in  the  nozzle 
of  the  receiver,  allowing  the-gas  to  pass  direct  into  the  main  cylinder 
in  a  number  of  small  but  distinct  streams.  Between  each  of  these 
streams  of  gas  a  distinct  stream  of  air  is  allowed  to  enter  through 
other  openings  made  for  that  purpose  in  the  valve,  and  which  are  in 
free  communication  with  the  atmosphere.  In  order  that  the  various 
alternating  veins  of  gas  and  air  may  preserve  their  respective  thick- 
nesses and  positions  whilst  traversing  the  inlet  ports  of  the  cylinder, 
these  ports  are  formed  or  subdivided  into  a  number  of  channels  by 
fitting  therein  what  the  inventor  calls  a  "  comb,"  which  consists  of  a 
flat  plate  having  a  number  of  raised  ridges  cast  on  one  side,  three  of 
such  ridges  forming  channels  or  separate  passages  for  the  gas  and  air 
to  pass  along  as  they  enter  the  cylinder.  The  eduction  slide  valve  on 
the  opposite  side  of  the  main  cylinder,  consists  of  a  sliding  plate,  having 
two  thoroughfares  through  it,  which  are  alternately  brought  opposite 
to  two  eduction  ports,  made  at  each  end  of  the  cylinder  (but  on  the 
opposite  side  to  the  inlet  ports),  and  to  the  nozzles   of  two  water 
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chambers,  which  serve  to  cool  the  products  of  combustion  as  they  pass 
along  to  the  outlet  pipes.  The  cylinder  and  cylinder  covers  are  kept 
cool  by  water  jackets,  or  spaces  formed  therein,  through  which  a  con- 
stant stream  of  water  is  kept  flowing.  This  water,  after  issuing  from 
the  water  spaces,  is  run  into  a  large  tank,  where  it  is  sufficiently  cooled 
to  be  used  over  again,  thus  economizing  greatly  the  consumption  of 
water. 

The  distribution  of  the  electric  current  is  not  effected  by  a  rotatory 
commutator  as  in  the  first  arrangment,  but  is  accomplished  by  a 
reciprocating  commutator  consisting  of  a  small  metal  frame,  bolted 
to  the  bedplate  of  the  engine,  and  having  attached  to  it  the  negative 
wire  of  a  Rhumkorff's  apparatus,  so  that  the  whole  working  parts  of 
the  engine  which  are  in  direct  metallic  contact  with  each  other,  are 
charged  with  negative  electricity.  An  insulating  plate  is  fitted  into 
this  frame,  and  upon  it  are  screwed — so  as  to  be  in  a  direct  horizontal 
line  with,  but  insulated  from  each  other — two  short  metal  bars,  from 
each  of  which  a  wire  leads  to  one  of  the  igniters.  Beneath  these  short 
bars  is  screwed  a  single  bar,  of  a  length  equal  to  the  combined  length 
of  the  short  bars;  and  this  bar  is  in  communication  with  the  positive  wire 
of  the  induction  coil.  A  metal-blade  spring  is  attached  to  the  cross-head 
of  the  piston  ;  and  this  spring,  by  sliding  to  and  fro  longitudinally  along 
the  two  short  bars  and  the  longer  bar  below,  alternately,  brings  one  or 
the  other  of  the  short  bars  and  corresponding  igniter,  in  electrical  com- 
munication through  the  long  bar  with  the  coil,  so  that  a  spark  will  be  pro- 
duced at  the  proper  time.  Each  igniter  consists  of  two  wires  placed  in 
an  insulating  core,  which  is  screwed  into  the  cylinder  covers.  One  of 
the  two  wires  is  brought  into  direct  communication  with  the  positive 
wire  of  the  coil  at  the  moment  required,  in  the  manner  above  described; 
but  the  other  wire  is  allowed  to  remain  in  constant  metallic  contact 
with  the  cylinder,  and  is,  consequently,  always  charged  with  negative 
electricity.  The  moment  the  communication  is  established  between 
the  other  wire  of  the  igniter  and  the  coil,  a  spark  will  necessarily  be 
produced,  which  ignites  the  gas  in  that  end  of  the  cylinder.  M.  Lenoir, 
in  the  specification  of  his  second  patent,  proposes,  in  some  cases,  to 
admit  into  the  working  cylinder,  in  addition  to  the  air,  a  certain 
amount  of  low-pressure  steam  or  moist  vapour,  or  water  in  the  form 
of  a  mist  or  fine  spray,  so  that  on  the  firing  of  the  gas,  the  steam  or 
vapour  will  be  considerably  expanded,  and  will  increase  the  effect 
of  the  engine.  We  believe,  however,  that  it  has  not  been  thought 
requisite  to  construct  engines  on  this  principle,  the  effect  of  the  expanded 
air  alone  being  found  amply  sufficient  for  all  practical  purposes,  with- 
out the  additional  complications  necessary  for  the  carrying  out  of 
this  idea. 

The  large  engraving  which  we  give  this  month  represents  a  com- 
plete elevation  of  the  Lenoir  engine,  as  at  present  constructed  by  the 
manufacturers  in  this  country  (the  Reading  Iron  Works  Company, 
Reading),  and  by  the  inventor  himself  in  Paris.  It  is  now  brought 
into  a  thoroughly  practical  shape,  and  differs  little  in  external  appear- 
ance from  an  ordinary  horizontal  steam  engine.  The  bedplate  carries 
at  one  end  the  working  cylinder,  and  at  the  opposite  end  the  plummer 
blocks  for  the  crank  shaft.  The  piston  rod  is  connected  by  a  forked 
connecting  rod  with  the  crank,  and  is  guided  by  a  slide  block  working 
between  the  usual  guide  bars.  As  the  charge  of  air  and  gas  is  not 
ignited  until  the  piston  has  arrived  at  the  middle  of  its  stroke,  a  large 
fly-wheel  is  fitted  to  the  crank  shaft  for  the  purpose  of  overcoming  the 
dead  centres  and  bringing  the  piston  back  towards  the  centre  of  the 
cylinder,  during  which  time  the  vacuum  produced  behind  the  piston 
causes  an  inrush  of  air  and  gas  into  the  cylinder,  which  on  being 
ignited  impels  the  piston  along  the  remainder  of  its  stroke,  and  gives 
sufficient  impetus  to  return  it  back  again  to  the  middle  of  the  cylinder, 
when  the  same  effect  is  produced.  The  electric  distributor  or  com- 
mutator which  regulates  the  period  of  the  ignition  of  the  gas,  is 
represented  at  M ;  it  consists  simply  of  a  non-conducting  ring,  secured 
to  the  side  of  the  bedplate,  and  having  fixed  on  its  inner  circumfer- 
ence a  complete  metal  ring,  which  is  in  communication  with  the  positive 
wire  of  the  induction  coil,  B,  of  which  P,  P,  are  the  two  battery 
cells.  The  outer  circumference  of  the  ring  contains  a  broken  metal- 
lic circle,  the  two  opposite  segments  of  which  are  respectively  con- 
nected by  wires  with  the  igniters  at  opposite  ends  of  the  cylinder. 
The  bulk  of  the  machinery  is  kept  charged  with  negative  electricity,  by 
being  in  direct  communication  with  the  negative  wire  of  the  coil.  The 
end  of  the  main  shaft  passes  through  the  centre  of  the  ring,  and  carries 
an  arm  or  spring  blade,  which,  as  the  shaft  revolves,  travels  in  contact 


with  the  metal  ring  and  segments  on  the  non-conducting  ring,  and  thus 
establishes  an  electric  circuit  at  the  proper  times  through  one  or  other 
of  the  igniters  in  order  to  produce  the  electric  spark. 

In  cases  where  the  same  meter  which  supplies  the  engine  supplies 
also  the  lights  for  the  establishment,  it  is  found  requisite  to  attach  an 
india  rubber  bag  or  pouch,  G,  to  the  gas  supply  pipe,  H,  of  the  engine, 
between  the  meter  and  the  engine,  and  as  near  to  the  latter  as  con- 
venient, in  order  that  the  supply  of  gas  may  be  as  nearly  as  possible  at 
a  uniform  pressure.  The  slide  valve,  which  is  shown  at  K,  has  been 
still  further  simplified  since  the  last  patent;  and  the  unsightly  gas 
receivers  or  vessels  have  been  abolished,  the  gas  now  arriving  direct 
from  the  pipe  behind  the  valve.  A  throttle  valve  is  fitted  iuside  the 
supply  pipe,  and  is  actuated  by  an  ordinary  governor,  so  that  no 
unnecessary  waste  of  gas  will  be  incurred  in  working.  E  is  the 
exhaust  pipe  ;  the  larger  pipe  in  the  middle  of  the  cylinder  is  the 
water  supply  pipe  for  the  jackets.  The  air  is  admitted  to  the  valve  by 
a  short,  tapered  nozzle,  provided  with  an  inverted  cap  or  bell  on  the 
top,  the  cap  acting  as  a  species  of  gasometer  by  retaining  any  gas 
which  might  tend  to  escape  in  that  direction,  such  gas  being  drawn 
into  the  cylinder  again  at  the  next  stroke. 

In  Paris  the  Lenoir  engine  is  coming  largely  into  use,  and  already 
from  300  to  400  engines  are  at  work,  ranging  from  i  to  3  H.P.  One  of 
these  engines  is  now  employed  in  driving  the  printing  machines  of  the 
JlJoniteur  newspaper,  and  four  are  in  daily  use  at  the  Grand  Hotel  for 
working  luggage  lifts,  and  lifts  for  conveying  dinners  from  the  kitchen 
to  the  different  stories.  In  London  the  gas  engine  is  also  making 
considerable  progress,  from  20  to  30  being  at  work  in  various  different 
establishments,  where  they  are  engaged  in  the  multiform  duties  of  sawing 
stone,  polishing  marble,  cutting  chaff,  pumping,  driving  lathes,  printing 
machines,  and  such  like  machinery,  also  hair-brushing  machines. 
Several  engines  are  also  employed  by  builders  in  Paris  for  hoisting 
materials. 

We  understand  that  the  manufacturers  here  have  already  as  many 
orders  on  their  hands  as  they  can  attend  to  at  present ;  so  we  may 
augur  a  fair  share  of  success  to  the  Lenoir  gas  engine,  which  has  now 
established  itself  as  one  of  the  simplest  and  most  economical  of  small- 
power  prime  movers,  and  has  satisfied  a  want  which  has  long  been  felt 
amongst  a  large  class  of  the  working  community. 
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RECENT   PATENTS. 


CENTRIFUGAL  PUMPS. 

H.  A.  Gwynne,  London. — Patent  dated  ith  November,  18G4. 

This  invention  relates,  firstly,  to  an  improved  method  of  moulding 
parts  of  centrifugal  pumps  of  the  usual  or  other  construction,  which  is 
also  applicable  to  the  moulding  of  like  parts  for  machinery  generally; 
secondly,  to  improvements  in  the  construction  of  centrifugal  pumps  of 
the  ordinary  description  ;  and  thirdly,  to  a  centrifugal  pump  of  a  novel 
form  and  construction.  In  carrying  out  the  first  part  of  this  invention, 
the  pump  side  pattern  is  constructed  with  one  or  more  loose  pieces  in 
front  of  the  suction  pipe,  so  that  the  core  may  be  made  in  black  sand 
instead  of  in  the  usual  manner.  The  foot-valve  box  is  moulded  in  one 
piece,  in  lieu  of  in  two  separate  pieces  joined  together,  and  provided 
with  a  door  or  opening,  so  that  the  surface  whereon  the  valve  rests 
can  be  planed,  and  the  flap  taken  out,  without  disturbing  the  box. 
The  pattern  of  the  taper  or  connecting  pipe,  or  of  other  short  lengths 
of  pipe,  is  constructed  of  a  tubular  form,  so  that  the  core  is  made  by 
ramming  black  sand  inside  the  pattern,  whilst  the  exterior  of  the 
pattern  forms  the  mould  for  the  outside  of  the  pipe.  The  riggers  and 
standards  are  moulded  from  a  half  pattern,  which  is  fitted  to  a  plate  or 
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moulding  table,  aud  is  withdrawn  in  an  accurate  manner  by  means  of 
a  rack  and  pinion,  screw,  or  other  suitable  mechanical  contrivance, 
from  the  mould  box,  after  the  mould  has  been  rammed  up.  The 
moulding  boxes  are  made  to  fit  each  other  exactly,  so  that  two  boxes, 
on  being  placed  together,  will  form  a  complete  mould.  The  discs  are 
moulded  in  the  same  manner,  but  in  that  case  the  table  turns  upside 
down,  and  the  pattern  is  drawn  out.  The  boxes  of  the  discs  are 
moulded  in  special  core  boxes  for  the  purpose,  in  lieu  of  making  a  sand 
joint,  as  heretofore  practised.  The  back  and  front  covers  and  the 
glands  are  moulded  edgewise,  in  lieu  of  flatwise,  as  hitherto,  and  the 
half  patterns  are  withdrawn  by  a  similar  method  to  that  adopted  for 
the  riggers ;  by  this  means  two  mould  boxes  may  be  made  to  serve  the 
purpose  of  three.  According-  to  the  second  head  of  this  invention,  the 
suction  pipe  is  formed  in  the  shape  of  a  gradual  curve,  commencing 
at  the  mouth  of  the  bedplate,  and  terminating  only  at  the  entrance  to 
the  disc.  The  journal  boxes  for  the  spindle  are  cast  on  to  the  pump 
side,  so  that  the  covers  at  present  in  use  are  dispensed  with.  In  the 
larger  sizes  of  pumps  a  wedge-shaped  core  is  placed  between  the 
suction  passage  aud  the  outside  of  the  case,  to  make  the  face  for  the 
gland  square,  and  to  lighten  the  casting.  On  the  back-bearing  a  small 
cap  is  fitted,  so  that  the  old  white  metal  bearing  can  be  removed,  and 
new  metal  introduced  with  facility.  The  bedplate  is  cast  with  a 
flange  and  a  short  length  of  pipe,  by  which  means  the  separate  con- 
necting or  taper  pipe  hitherto  employed  is  rendered  unnecessary.  A 
short  length  of  pipe  is  placed  on  the  top  of  the  pump,  provided  with  a 
removable  segment,  so  that  one-half  of  the  pump  case  can  be  taken 
away  laterally,  and  the  disc  removed  and  repaired,  if  necessary,  without 
removing  the  suction  or  discharge  pipes.  This  part  of  the  invention 
is  applicable  to  other  pipes  or  other  apparatus  requiring  to  be  occa- 
sionally inspected  inside.  The  foot  valves  are  constructed  in  three 
different  ways: — for  example,  when  the  valve  is  placed  at  the  bottom 
of  the  suction  pipe,  it  is  constructed  with  one  round  flap,  which  falls 
into  a  taper  seating,  a  recess  being  cast  in  the  side  of  the  valve  box, 
into  which  the  flip  falls  back  when  the  pump  is  at  work,  leaving  a 
perfectly  free  water-way  of  the  full  size  of  the  suction  pipe.  The 
valve  can  be  withdrawn  for  repairs,  and  replaced  through  a  door-way 
provided  for  that  purpose  in  the  side  of  the  box.  Two  snugs  are  cast 
in  the  box,  and  a  key  or  wedge  is  driven  in  beneath  them,  in  order  to 
fasten  the  flap  in  its  place  and  allow  it  freedom  of  action.  In  the 
second  instance,  the  seating  for  the  valve  is  made  on  the  bedplate.  In 
this  case  the  side  of  the  pump  is  provided  with  a  doorway,  in  such  a 
manner  that  ready  access  is  obtained  to  the  valve.  The  air  is  exhausted 
from  the  suction  pipe  by  means  of  a  small  air-pump  working  from  the 
spindle  of  the  disc;  or  an  air-tight  tank  connected  by  pipes  and  cocks 
to  the  suction  pipe  may  be  used,  so  that  on  the  tank  being  filled  with 
water  and  the  cocks  opened,  the  air  from  the  pipe  is  replaced  with 
water  from  the  tank ;  or  the  bedplate  may  be  made  hollow  to  answer 
the  purpose  of  a  tank;  or  a  valve  may  be  placed,  acoording  to  the 
third  modification,  in  the  discharge  or  segment  pipe,  above  the  pump, 
and  proceed  to  fill  the  pump  in  either  of  the  ways  last  mentioned.  It. 
is  also  proposed  to  leave  a  circular  opening  in  one  or  both  sides  of 
those  cases  of  centrifugal  pumps  which  are  cast  In  one  piece,  the  size 
of  such  opening  or  openings  being  sufficient  to  admit  of  the  removal  of 
the  disc  therethrough.  Plates  or  covers  are  bolted  over  these  openings 
after  the  disc  has  been  replaced.  According  to  the  third  part  of  this 
invention,  it  is  proposed  to  construct  a  centrifugal  pump  in  such  a 
manner  that  the  water  (instead  of  passing  through  a  wheel  or  disc  as 
at  present)  is  forced  by  blades  or  paddles  attached  to  a  spindle  direct 
from  the  suction  pipe.  The  blades  strike  the  water  somewhat  after 
the  manner  of  a  paddle  wheel,  and  revolve  in  a  semicircular  case  on 
the  side  of  the  suction  pipe,  arranged  in  such  a  way  that  the  water  is 
not  drawn  round  by  the  back  action  of  the  blades,  but  the  whole  power 
employed  is  expended  in  forcing  the  water  directly  up  or  along  the 
suction  pipe. 

Fig.  1  of  the  engravings  represents  an  inside  elevation  of  the  side 
pattern  of  a  centrifugal  pump  case,  showing  the  mode  of  forming  a 
portion  of  the  suction  pipe,  in  accordance  with  the  first  part  of  the 
invention.  Fig.  2  is  a  corresponding  vertical  section  of  the  same, 
taken  through  the  centre  thereof,  at  right  angles  to  fig.  1  ;  and  fig.  3 
represents  the  pattern  in  the  moulding  box.  In  carrying  out  this  part 
of  the  invention,  the  sand  is  first  rammed  over  the  outside  of  the 
pattern,  and  the  box  is  then  turned  over  and  the  suction  core  rammed 
in,  a  few  pieces  of  iron  rod  being  inserted  to  support  the  sand  and 


prevent  it  from  falling.  A  A  and  B  arc  three  movable  pieces,  which 
are  now  placed  in  the  position  shown  in  the  designs,  the  pieces  A  a 
forming  the  pattern  for  the  metal  which  separates  the  suction  pipe 
from  the  interior  of  the  case,  and  the  semicircular  piece,  B,  completing 
the  inner  boss  of  the  case,  against  which  the  neck  of  the  wheel  or  disc 
revolves.     This  piece,  B,  may,  if  desired,   be  made  in  two  parts  by 


Fie.  1. 


Fie.  2. 


being  divided  in  the  centre.  These  pieces,  A  and  B,  having  been  properly 
adjusted,  more  sand  is  rammed  up  over  them  on  the  inner  side  of 
the  pattern,  the  moulding  box  is  again  turned  over,  and  the  top  part, 
C,  taken  off.  The  loose  flange,  D,  on  which  the  cover  rested  is  now 
removed,  and  the  middle  part,  E,  of  the  box  taken  off.  F  F  are  mov- 
able flanges  which  come  up  with  the  middle  part  of  the  box,  which  is 

Fig.  3. 


Fig.  4. 


now  turned  over  by  means  of  trunnions  formed  thereon.  The  movable 
flanges,  F  F,  being  then  removed,  and  the  mould  finished,  the  pattern 
is  next  drawn  off  the  bottom  part,  G,  of  the  box,  the  loose  pieces,  A  and 
B,  still  remaining  in  the  sand;  these  are  removed  by  drawing  one  of  the 
pieces,  A  A,  to  the  right  and  the  other  to  the  left,  after  which  the 
piece  or  pieces,  b,  will  come  out  easily.  The 
middle  part,  E,  of  the  box  is  next  put  on,  then  the 
top  part,  C,  when  the  mould  will  be  ready  for 
receiving  the  metal. 

Fig.  4  is  a  vertical  section  of  a  pump,  the  disc 
being  removed.  The  peculiar  curved  form  of  the 
double  suction  pipe  is  shown  at  A  A,  the  passages 
curving  gradually  from  the  surface  of  the  base 
plate  to  the  lateral  inlets  to  the  casing,  c  d,  are 
the  two  journal  boxes  cast  in  one,  with  the  casiLg 
for  the  spindle  of  the  pump  to  work  in.  In  the 
larger  sizes  of  pumps  a  wedge-shaped  core,  E,  is 
employed  in  order  to  lighten  the  casting.  A 
small  cap,  or  cover,  is  fitted  on  to  one  side  of 
the  pump,  for  the  purpose  of  facilitating  the 
removal  and  replacing  of  the  bearings.  The 
opposite  journal  box  is  provided  with  the  usual 
gland  O.  In  one  piece  with  the  bedplate  is  cast 
the  short  taper  pipe,  n,  provided  with  a  flange  for 
the  attachment  of  the  suction  pipe,  I.  By  this 
means  the  pump  castings  are  shortened,  as  the  pipe,  n,  is  oval,  and 
tapers  down  from  the  bedplate  to  a  circular  section  of  the  size  of  the 
suction  pipe,  I,  aud  consequently  the  usual  separate  connecting  pipe  is 
dispensed  with. 

Fig.  4  also  illustrates  an  improved  construction  of  foot  valve  for  cen- 
trifugal pumps  of  all  kinds,  applicable  aLo  in  other  cases  where  foot 
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Fig.  5. 


Fig.  6. 


valves  are  required.  In  one  side  of  the  valve  box,  N,  a  recess,  o, 
is  cast,  having  an  opening,  p,  therein,  through  which  opening  the  flap, 
Q,  is  introduced,  this  flap  being  kept  in  its  place  by  screws,  wedges, 
or  other  convenient  contrivance.  The  object  of  the  recess,  O,  which 
should  be  sufficiently  large  to  admit  the  flap  when  fully  open,  is  to 
allow  of  the  flap  opening  back  perfectly  clear  of  the  suction  pipe  by 
entering  the  .recess  referred  to,  whereby  the 
full  area  of  the  suction  pipe  is  left  unob- 
structed and  a  free  ingress  to  the  water  is 
afforded  thereto.  Fig.  5  is  a  vertical  sec- 
tion of  a  centrifugal  pump  and  bedplate, 
showing  the  valve  arranged  according  to 
another  plan.  A  is  the  bed  plate,  which  is 
cast  hollow  so  as  to  serve  as  a  water  tank 
for  the  purpose  after  described,  and  B  is 
the  short  pipe  cast  in  one  with  the  bedplate, 
and  passing  through  the  tank.  A  valve 
seating,  c,  is  formed  on  the  surface  of  the 
bedplate  upon  which  fit  the  flap  valves,  D,  D.  An  opening,  E,  is  made 
in  the  pump  side,  closed  by  a  cover,  by  removing  which  the  valves  can 
be  readily  taken  out  without  disturbing  the  pump.  F  is  a  pipe  and  cock 
connecting  the  interior  of  the  tank  with  the  suction  pipe  ;  the  cock  is 
opened  or  closed  by  a  spindle  and  handle  at  /.  G  is  a  plug  which 
screws  into  a  hole  in  the  bedplate  communicating  with  the  interior  of 

the  tank.  The  mode  of  action  is  as 
follows  : — The  pump  having  been 
erected  ready  for  work,  with  the  suc- 
tion and  discbarge  pipes  placed  in 
position,  is  first  filled  with  water  through 
the  usual  opening  provided  for  that 
purpose.  The  plug,  G,  is  then  removed, 
and  the  bedplate  or  tank  filled  with 
water.  On  replacing  the  plug  again 
and  opening  the  cock,  F,  the  water  in 
the  tank  will  enter  the  suction  pipe, 
the  air  in  the  latter  taking  the  place 
of  the  water  in  the  tank  which  is  on  a 
higher  level.  As  the  valve,  d,  is 
closed  air-tight,  the  water  cannot 
escape  from  the  suction  pipe,  and  so 
soon  as  it  is  filled  the  pump  is  started, 
and  the  plug,  G,  removed.  The  pres- 
sure of  the  water  in  the  suction  pipe  forces  the  air  out  of  the  tank, 
and  when  the  water  begins  to  flow  through  the  plughole,  the  plug  is 
replaced,  and  the  tank  is  then  ready  filled  for  another  start  when 
required,  the  pump  being  always  ready  for  work  so  long  as  the  valves, 
D,  remain  air-tight.  Should  dirt  or  any  extraneous  foreign  bodies  lodge 
underneath  the  valves  and  prevent  them  from  closing,  they  may  be 
readily  removed  through  the  opening  at  E,  without  the  inconvenience 
usually  experienced  when  the  valve  is  situate  at  the  bottom  of  the  suc- 
tion pipe. 

Fig.  6  is  a  vertical  section  of  a  novel  form  of  rotatory  pump. 


IMPROVEMENTS  IN  RAILWAY  CATTLE  WAGONS. 

William  Reid,   Granton. — Patent  dated  21st  December,  1864. 

This  invention  relates  to  a  peculiar  arrangement  and  construction  of 
cattle  wagons  or  trucks,  to  be  used  on  railways,  whereby  provision  is 
afforded  for  keeping  the  cattle  supplied  with  water  during  the  course  of 
a  journey  ;  the  result  being  that  the  cattle,  in  place  of  being  out  of  con- 
dition at  the  end  of  their  journey,  as  is  now  the  case,  are  perfectly 
fresh  and  ready  for  immediate  sale.  In  carrying  out  this  invention,  it  is 
proposed  to  construct  these  improved  wagons  with  water-troughs,  such 
troughs  having  by  preference  an  opening  on  the  outer  side  for  the  con- 
venience of  filling  the  same  from  the  hydrants  on  the  line  of  railway;  the 
troughs  forming  a  part  of  the  wagon  itself,  or  being  capable  of  removal 
therefrom  for  cleaning  or  repairs.  When  several  troughs  are  used,  they 
are  coupled  together  so  as  to  communicate  with  each  other,  the  water 
being  thus  free  to  run  from  one  to  another.  In  modifying  existing 
cattle  wagons,  so  as  to  carry  out  the  object  of  this  invention,  special 
openings  are  cut  around  them,  and  water-troughs  are  inserted  into  such 
openings  and  secured  therein  in  any  convenient  manner. 


The  accompanying  engraving  is  a  perspective  view  of  an  ordinary  cattle 
wagon  with  these  improvements  attached  thereto.  There  are,  of  course, 
several  methods  under  which  the  troughs  forming  the  essential  feature 
of  this  invention  may  be  attached  to  cattle  wagons,  but  in  building  new 
wagons  it  is  preferred  to  fix  them  in  the  manner  shown.  Other 
methods  are  afterwards  fully  referred  to.  Upon  referring  to  the  cut, 
it  will  be  observed  that  the  troughs  are  arranged  in  outline  in  the  form 
of  a  rectangular  figure,  three  sides  only  being  employed  to  complete  the 
trough.    It  will  be  further  observed  that  the  troughs  being  continuous, 


the  water  when  placed  therein  will  be  level  on  all  parts.  The  troughs 
are  not  shown  attached  to  the  door  of  the  wagon,  as  it  is  not  con- 
sidered requisite  to  attach  them  thereto,  for  the  reason  that  the  heads 
of  the  animals  when  placed  therein  are  generally  situated  towards  the 
extremities  of  the  sides  and  ends  of  the  wagon. 

The  troughs  are  shown  fixed  at  a  height  of  about  2  feet  9  inches, 
which  height  will  generally  be  found  suitable  for  cattle  and  horses.  It 
will  be  necessary  to  fix  the  troughs  at  a  lower  level  for  sheep,  at  a  dis- 
tance from  the  bottom  of  the  truck  of  about  1  foot  4  inches.  Doors  or 
covers,  arranged  over  the  troughs,  may  or  may  not  be  used  at  discretion. 
When  the  troughs  are  to  be  filled  with  water  or  food,  the  covers  are 
lifted,  being  fitted  with  hinges  for  the  purpose  of  rendering  them  mov- 
able. There  are  various  other  methods  under  which  water  and  food 
troughs  may  be  attached  to  wagons  for  the  conveyance  of  cattle  on 
railways  ;  viz.,  they  may  be  put  in  sections,  and  connected  together  by 
channels  or  pipes,  so  as  to  allow  the  water  to  maintain  the  same  level 
in  each  of  the  troughs ;  or  they  may  be  arranged  to  slide  upwards  and 
downwards  vertically,  and  capable  of  adjustment  to  suit  the  height  of 
large  or  small  animals. 


IMPROVEMENTS  IN  MACHINERY    FOR   CLEANING    GRAIN 
AND  SEEDS. 

J.  H.  Johnson,  London  and  Glasgoio. — Patent  dated  January  28, 1865. 

Tins  invention  relates  to  that  class  of  machinery  for  cleaning  rice> 
coffee,  or  other  grains  or  seed  of  a  like  nature,  wherein  the  grain  or 
seed  is  cleaned  by  attrition  in  a 
vessel  or  mortar ;  such  attrition 
being  produced  by  the  action  of 
a  screw-hladed  propeller  revolv- 
ing horizontally  near  the  bottom 
of  the  said  vessel  or  mortar. 

According  to  this  invention  it 
is  proposed  to  roughen  the  sur- 
face of  the  vertical  propeller- 
shaft,  or  to  make  it  of  stone  or 
other  substance  of  a  grinding  or 
gritty  nature,  or  to  inclose  the 
propeller-shaft  in  a  long  tubular 
collar  or  casing,  composed  of 
stone  or  other  substance  of  a 
grinding  or  gritty  nature,  or  to 
make  such  part  of  the  apparatus 
of  metal  having  its  surface  roughened,  by  which  means  a  better  rubbing 
and  cleaning  action  on  the  substances  under  treatment  is  obtained. 

The  accompanying  engraving  represents  a  sectional  elevation  of  an 
apparatus  constructed  according  to  this  invention  for  cleaning  or  hulling 
and  also  removing  the  inner  pellicle  from  rice  and  other  grains  of  alike 
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character,  and  from  coffee  and  other  seeds  requiring  such  treatment.  A 
is  the  ordinary  mortar  or  cleaning  vessel  into  which  the  grain  or  seeds 
to  be  operated  upon  are  introduced.  Near  the  bottom  of  the  vessel 
rotates  horizontally  a  screw-bluded  propeller,  B,  fixed  to  the  lower  end 
of  a  vertical  shaft,  C.  The  action  of  this  propeller,  as  is  well  known,  is 
to  cause  the  grain  or  seed  to  rise  along  the  inner  sides  of  the  vessel  or 
mortar  against  which  it  is  rubbed  to  a  certain  extent  as  it  rises,  and  is  then 
turned  over  as  it  arrives  at  the  surface  by  the  curvature  of  the  sides  of 
the  vessel,  which  sides  direct  it  towards  the  centre  or  vertical  shaft,  C, 
down  the  sides  of  which  it  descends  in  a  continuous  stream  back  to  the 
propeller,  to  be  again  forced  outwards  and  up  the  sides  of  the  vessel ; 
such  process  being  continued  until  the  attrition  of  the  grain  or  seeds 
against  the  sides  of  the  vessel  and  against  each  other  has  removed  the 
skin  or  pellicle  adhering  thereto.  The  arrows  in  the  engravings  indi- 
cate the  course  of  the  grain  or  seeds.  It  will  be  seen  from  the  descrip- 
tion given  above,  that  there  is  comparatively  little  or  no  friction  upon 
the  grain  whilst  it  is  descending,  as  the  surface  of  the  shaft  has  heretofore 
been  perfectly  smooth.  Now,  in  order  to  increase  the  area  of  effective 
rubbing  surface  in  the  apparatus,  it  is  proposed  according  to  this 
invention  either  to  roughen  the  surface  itself  of  the  metal  shaft,  C,  by 
making  file  or  rasp  cuts  thereon,  or  otherwise  roughening  the  same,  so 
that  the  grain  or  seeds  as  they  descend  will  receive  an  additional  and 
effective  rubbing  against  the  roughened  surface  of  the  shaft  or  spindle. 
It  is  preferred,  however,  in  lieu  of  roughening  the  metal  itself  of  the 
propeller-shaft  or  spindle,  c,  to  inclose  the  same  in  a  tubular  collar  or 
casing,  D,  of  stone  or  other  grinding  or  gritty  material,  which  extends 
along  and  covers  that  portion  of  the  shaft  between  the  propeller  and 
the  top,  or  nearly  the  top,  of  the  vessel  or  mortar,  as  shown  in  the 
engraving  annexed.  By  this '  means  a  much  larger  area  of  rubbing 
surface  is  otained  than  when  the  ordinary  shaft  only  is  roughened,  as 
in  the  previous  case  ;  the  circumference  of  the  casing,  D,  being  at  least 
three  times  the  circumference  of  the  shaft. 


LAW    REPORTS. 


The  Xop.tti  British  Rubber  Company  v  The  Manchester  Rubber  Com- 
pany.— May  29,  1865. — This  was  a  contest  between  two  companies,  established  for 
the  purpose  of  manufactures  in  india-rubber,  as  to  the  right  to  the  exclusive  use  and 
working  of  a  patent  called  "Newton's,"  dated  June  2,  1853,  for  improvements  in 
the  manufacture  of  soles  for  "  boots,  shoes,  and  other  coverings  for  the  feet."  The 
patent  was  assigned  in  1860  by  Newton  to  the  plaintiffs'  company,  and  they  sued  the 
defendants'  company.  In  1862  the  plaintiffs'  company  (the  North  British)  entered 
a  disclaimer,  and  modified  the  patentee's  cl;;im  so  as  make  it  run  thus: — "This 
invention,  which  has  been  communicated  to  me  from  abroad,  is  described  by  my 
foreign  correspondent  as  consisting  in  making  or  manufacturing  soleing  of  shoes  or 
boots  of  either  india-rubber  or  gutta  percba,  by  passing  the  materials  between  two 
or  more  rollers,  on  one  of  which  are  patterns  of  the  sole  to  be  made,  into  which  the 
material  is  pressed,  and  at  the  same  movement  cut  or  moulded  in  the  shape  of  the 
sole  by  the  pressure  of  a  roller,  by  which  the  plastic  material  is  moulded  in  the 
pattern  into  the  shape  of  the  sole."  The  particular  portion  on  which  the  plaintiffs' 
company  relied  was  this — "Another  improvement  consists  in  making  or  fonning  a 
continuous  sheet  of  soleing,  consisting  of  sole,  shank,  and  heel;"  and  this  was  the 
part  whn;h,  it  was  insisted,  was  infringed.  It  was  admitted  that  the  dt-fendants 
had  made  "continuous  sheets"  of  the  material  in  question;  but  it  was  denied  that 
they  had  used  the  process  patented  by  Newton  for  making  the  soles  out  of  such 
sheets,  and  there  could  be  no  doubt  that  shoes  with  soles  so  made  had  come  over 
from  America  in  vast  numbers,  it  being  in  evidence  that  as  many  as  75,000  pairs 
were  known  to  have  been  sold  in  this  country.  The  question  was,  whether  the 
plaintiffs,  as  assignees  of  Newton's  patent,  were  entitled  to  the  exclusive  use  of  the 
process  for  making  the  "  continuous  sheets"  for  the  purpose  of  making  the  soles. 
If  they  were  not,  and  the  alleged  invention  was  open,  it  would  appear  probable 
(and  this  is  the  main  public  interest  of  the  case)  that  the  price  of  these  articles 
may  be  considerably  reduced.  It  appeared  that  the  effect  of  the  use  of  the  u  con- 
tinuous sheets"  was  that  the  soles  were  made  of  one  sheet  or  piece  instead  of 
several,  and  were  so  much  better,  that  when  the  shoes  made  by  that  process  came 
over  from  America,  they  rapidly  displaced  the  others;  and  it  was  stated  that  Mac- 
intosh &  Co.,  the  well-known  firm  who  have  given  their  names  to  the  india-rubber 
material  so  largely  used  in  clothing,  found  themselves  obliged  to  discontinue  making 
shoes  and  boots,  as  those  they  made  could  not  compete  with  the  new  articles.  Mr. 
Hancock  (who  had  been  with  Mackintosh  &  Co.)  in  1845-46  took  out  a  patent  for 
making  the  continuous  sheets,  not  for  making  shoes  out  of  them  by  machinery. 
The  patent  of  Newton  was  for  the  combined  process  of  making  the  sheets  and  the 
soles  out  of  the  sheets.  The  defendants  admitted  that  they  used  the  process  for 
making  the  sheets,  but  contended  that  it  was  public  prior  to  the  patent  of  Newton, 
and  they  denied  that  they  used  his  process  for  making  the  soles,  and  the  question — 
one  of  some  importance  in  the  law  of  patents  as  a  general  principle,  as  well  as  of 
some  practical  public  importance  in  the  particular  case — was  whether  the  use  of 
one  part  of  the  patented  process  for  the  same  object,  that  part  being  previously 
known,  was  a  breach  of  the  patent.  At  the  trial  before  the  Lord  Chief  Justice, 
Mr.  Hancock  was  called  for  the  defendants*  company  to  impeach  the  patent  of 
Newton  by  evidence  of  his  prior  user  of  the  process  for  making  the  "  continuous 


sheets;"  and  Mr.  Bramwcll,  the  eminent  engineer,  who  was  called  for  the  plaintiffs, 
admitted  that  the  continuous  sheets  were  well  known  before  Newton's  patent,  and 
that  a  competent  and  skilled  workman  looking  at  them  could  form  a  pretty  good 
notion  of  how  they  were  made,  at  all  events  with  the  aid  of  Hancock's  specification. 
The  Lord  Chief  Justice  on  the  whole  of  the  evidence  reserved  the  question  for  the 
court,  whether  so  much  of  the  alleged  invention  of  Newton  as  was  proved  to  be 
new  would  be  the  proper  subject  of  a  patent.  A  rule  accordingly  had  been  obtained 
on  the  part  of  the  plaintiffs'  company  to  enter  the  verdict  for  them,  upon  the 
ground  that  such  part  of  the  invention  as  was  infringed  by  the  defendants'  com- 
pany— viz.,  the  making  a  continuous  sheet  of  soleing — was  new  and  useful,  and  a 
material  part  of  the  invention,  and  properly  the  subject  of  a  patent ;  and  also  on 
the  ground  that  a  continuous  sheet  of  soleing  was  a  new  article  of  commerce,  and 
the  making  of  it,  though  by  known  machinery,  was  properly  the  subject  of  a  patent. 

Mr.  Grove,  Q  C,  and  Mr.  Aston,  appeared  for  the  defendants'  company  against 
the  validity  of  the  patent. 

Mr.  Bovill,  Q.C.,  Mr.  Hindmarch,  Q.C.,  and  Mr.  Macrory,  represented  the 
plaintiffs'  company. 

The  Lord  Chief  Justice  towards  the  close  of  a  long  argument,  observed  that  the 
question  was  whether — it  being  proved  that  there  had  been  the  most  ample  use  of 
the  material,  and  the  most  general  sale  of  the  articles  made  out  of  it,  and  the  most 
easy  knowledge,  from  inspection  of  them,  of  the  nature  of  the  process  by  which 
they  were  made:— the  mere  use  of  the  material  for  the  purpose  of  making  shoes, 
but  without  the  use  of  the  patented  process  for  making  them,  could  be  the  subject  of 
a  patent.  He  thought  that  it  could  not;  and  though  on  account  of  the  general  im- 
portance of  the  case,  it  appeared  that  it  was  to  be  carried  to  a  court  of  error,  he  was 
of  opinion  that  this  material  having  been  produced  and  sold  in  this  country  for  years 
in  great  quantities  for  the  purpose  of  soleing  for  shoes,  &c,  the  making  of  it  could 
not  be  the  subject  of  a  patent. 

The  other  learned  judges  concurred. 

Judgment  for  the  defendants. 


Cafsules  for  Bottles. — Betts  v.  Neilson. — Before  the  Lord  Justices  of 
Appeal,  July  8,  1865. 

This  was  an  appeal  from  an  order  of  Vice-Chancellor  Wood,  who  had  granted  an 
interlocutory  injunction  to  restrain  the  defendants,  who  are  agents  in  London  and 
Liverpool  for  the  firm  of  J.  &  R.  Tennent,  brewers,  at  Glasgow,  from  using  in  Eng- 
land capsules  of  a  material  similar  to  those  for  the  invention  of  which  letters  patent 
had  been  granted  to  the  plaintiff,  the  well-known  capsule  manufactnrer.  The  bill 
alleged  that  J.  &  R.  Tennent,  who  manufacture  and  export  in  bottles  beer  especially 
for  the  Indian  market,  has  been  in  the  habit  of  consigning  to  the  defendants  in  Eng- 
land bottles  covered  with  capsules  of  the  same  material  as  those  manufactured  by 
the  plaintiff.  The  defence  raised  was  that  J.  &  R.  Tennent  had  no  English  trade, 
and  did  not  sell  ale  or  beer  for  consumption  in  this  country,  although  the  ale  and 
beer  ordered  by  foreign  customers  was  shipped  from  G'asgow  to  Liverpool  or  Lon- 
don, to  be  there  transhipped.  The  Vice-Chancellor  held  that  there  had  been  an 
infringement  of  the  patent  by  use  in  this  country  so  as  to  justify  the  court  iu 
granting  an  injunction.      Hence  the  present  appeal. 

Mr.  Rolt  and  Mr.  Wickens  were  for  the  appeal;  Mr.  Willcock  and  Mr.  J.  II. 
Terrell  were  in  support  of  the  injunction. 

Lord  Justice  Knight  Bruce  said  the  material  question  for  the  court  to  decide  was 
whether  there  had  been  a  user  of  the  invention  in  England.  He  held  that  there  was 
a  direct  benefit  derived  by  the  owner  of  the  liquid  in  the  bottles  during  the  time 
that  they  were  in  this  country,  and  that  Mr.  Betts  must  have  the  protection  of  the 
court  until  the  hearing  of  the  cause.  At  the  same  time  an  undertaking  must  be 
given  to  abide  by  any  order  which  the  court  may  make  with  respect  to  damages  in 
case  the  injunction  should  be  dissolved,  and  to  hasten  the  hearing  of  the  cause. 

Lord  Justice  Turner  concurred. 


Beattte's  Patent  Prolongation. — Before  the  Judicial  Committee  of  the 
Privy  Council,  July  17,  1865.  Present — Lord  Chelmsford  and  Lords  Justices 
Knight  Bruce  and  Turner. 

This  was  a  petition  for  a  prolongation  of  the  patent ;  and  an  application  was 
made  to  withdraw  the  same. 

On  the  other  side  application  was  made  for  all  the  costs  the  parties  had  incurred 
by  reason  of  the  petition. 

It  was  contended  that  the  other  side  were  not  entitled  to  full  costs. 

Lord  Chelmsford  decided  that  the  petitioners  having  given  notice  of  the  applica- 
tion to  apply  for  a  prolongation,  and  having  withdrawn  the  same,  were  bound  to 
pay  all  the  costs  incurred. 

Order  accordingly. 


REVIEWS    OF    NEW    BOOKS. 


The  Life  of  Robert  Stephenson,  F.R.S.,  &c,  &c.  By  J.  C. 
Jeaffreson.  With  Descriptive  Chapters  on  some  of  his  most  im- 
portant professional  works,  by  "William  Pole.  2  vols.  8vo.  London : 
Longman.      1864. 

FIFTH    NOTICE. 

In  the  more  than  usually  prolonged  notices  which  we  have  given  in 
successive  parts  of  this  Journal  of  the  life  of  one  of  the  foremost  men 
of  his  time,  we  have  traced  the  career  of  Robert  Stephenson  from 
his  cradle  to  his  marriage  and  widowhood,  and  to  the  fullness  of  that 
blaze  of  worldly  prosperity  that  belonged  to  the  time  of  the  London 
and  Birmingham  Railway  and  the  years  that  immediately  succeeded  it. 

The  events  of  a  personal  character  that  belonged  to  the  after  years 
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of  Stephenson's  life,  though  calendared  by  increasing  professional  posi- 
tion in  wealth  and  in  worldly  reputation,  were  not  marked  by  many  of 
those  incidents  that  are  worth  the  notice  of  the  biographer.  That  there 
was  a  man's  heart  within  his  breast — though  but  too  probably  a  some- 
what selfish  one,  derived  from  his  father — may  be  readily  granted ;  but 
we  fail  to  find  any  traces  of  it  in  Mr.  Jeaffreson's  frigid  and  prosaic  pages, 
well  disposed  to  the  general  praise  of  his  hero  though  he  certainly  is. 

Had  there  been  more  of  the  stamp  of  individuality — more  of  the  real 
man,  whether  for  good  or  for  ill,  in  his  weakness  or  in  his  might ;  less 
of  the  "portrait  of  a  gentleman"  and  civil  engineer,  about  which  we 
care  nothing  either  hung  up  at  the  Royal  Academy  or  in  type,  because 
we  never  knov>  the  original — there  would  be  better  ground  and  more 
interest  in  pursuing  in  review  such  personal  incidents  of  Stephenson's 
life  as  can  henceforward  be  gathered  from  Mr.  Jeaffreson's  pages. 

We  shall  conclude  this  succession  of  papers,  therefore,  with  some 
remarks  upon  those  of  R.  Stephenson's  works  which  have  formed  the 
choice  and  subject  of  Mr.  Pole's  contributions  to  this  biography.  These, 
as  Mr.  Jeaffreson  says,  "constituted  the  tasks  of  the  next  six  years  of 
Stephenson's  life  after  1844 — years  memorable  in  the  annals  of  social 
folly,  crime,  and  suffering — which  witnessed  the  exertions  by  which  his 
influence  and  name  will  reach  future  generations.  They  saw  the 
atmospheric  contest,  the  battle  of  the  gauges,  the  construction  of  the 
tubular  bridge,  and  the  completion  of  the  high  level  bridge  of  Newcastle- 
on-Tyne." 

Of  Mr.  Pole's  account  of  those  works  of  Stephenson  which  he  has 
chosen  to  discuss,  it  is  but  fair  to  him  to  say  that  he  has  written  on  the 
whole  fairly,  temperately,  and  clearly,  though  not  always  with  very  full 
and  exhaustive  knowledge ;  but  he  has  also  been  cautious  enough 
in  his  selection  to  avoid  subjects  that  compel  any  remarks  of  an 
unfavourable  character,  and  has  turned  always  adroitly  aside  from  such 
matters  incidental  to  the  three  subjects  he  has  discussed,  as  would 
oblige  either  an  adverse  opinion  or  a  conflict  with  truth.  This  is  politic, 
polite,  and  possibly  allowable,  but  is  as  devoid  of  moral  oourage  as  it  is 
fatal  to  the  value  of  his  labours. 

The  atmospheric  railway  in  its  origin,  history,  and  progress,  is  in 
general  correctly  given  by  Mr.  Pole,  but  he  sums  up  his  facts,  so  far  as 
he  sums  them  at  all,  with  none  of  the  breadth  or  exactness  of  the 
physical  philosopher  and  engineer,  but  rather  with  the  caution  of  the 
advocate  who  fears  he  may  have  in  his  client's  case  a  worse  one  than 
his  instructions  point  to,  and  that  all  he  says  had  best  be  put  tenderly. 

The  thing  that  R.  Stephenson  was  really  and  strictly  called  upon  alone 
to  do,  was,  in  the  words  of  his  own  report  to  the  directors,  "  to  decide 
whether  a  singularly  ingenious  and  highly  meritorious  invention  was,  or 
was  not,  to  be  applied  to  the  Chester  and  Holyhead  Railway."  He, 
however,  as  is  apparent  from  his  own  words  equally  in  many  places, 
felt  that  the  locomotive  was  now  on  its  trial,  that  the  darling  object 
of  his  father's  life  and  of  his  own,  that  on  which  almost  all  their 
success  and  reputation  had  been  founded,  was  trembling  in  the  balance  : 
that  although  it  might  be  quite  true  that  "the  final  destiny  of  the 
invention  was  not  in  his  hands,  but  that  if  it  were  really  calculated  to 
produce  the  remarkable  results  that  had  been  stated,  nothing  could  stop 
its  universal  application  to  railways,"  still  it  might  have  weak  points 
enough,  which,  if  skilfully  found  out  and  pointedly  put  forward,  might 
at  least  retard  such  a  result  for  a  generation  or  two,  if  not  put  the 
project  into  final  oblivion.  Such,  we  confess,  has  always  been  the  final 
impression  left  with  us  by  the  mode  and  manner  in  which  Stephenson 
experimented  and  reported  in  this  cause  celebre.  We  may  say  this 
while  we  state  that  in  his  main  conclusion,  viz.,  that  the  atmospheric 
should  not  be  applied  on  the  Chester  and  Holyhead  line,  and  also,  to  a 
large  extent,  in  some  of  his  collateral  ones  as  to  the  method  in  general, 
R.  Stephenson  was  unquestionably  right.  That  upon  one  segment  of 
the  great  continuous  line  of  railway  which  was  to  unite  the  capital  of 
Ireland  with  the  metropolis  of  Great  Britain— and  that  segment  only 
about  one-fourth  of  the  whole — a  system  of  propulsion  utterly  diverse 
from  all  the  rest  should  have  been  employed,  was  so  monstrously 
inconvenient  and  absurd  in  its  details  when  considered  in  relation  to  the 
locomotive  that  must  for  a  long  time  in  any  case  have  occupied 
the  remainder  of  the  route,  that  the  direct  issue  might  have  simply 
rested  on  and  been  confined  to  this.  It  was  not  necessary  that  the 
engineer-in-chief  should  have  travelled  beyond  this  his  exact  brief,  for 
there  was  no  reason  to  doubt  that  his  directors  would  not  have  adopted 
the  atmospheric  in  the  face  of  an  adverse  opinion  only  from  their  own 
engineer. 


Stephenson,  however,  determined  to  go  much  further,  and  to  investi- 
gate experimentally  and  in  the  manner  of  an  experimental  philosopher 
and  engineer,  the  principles  and  their  working  of  the  system  itself.  It 
was  quite  legitimate,  if  he  so  willed,  that  he  should  have  done  so ,  but 
then  he  was  bound  as  a  philosopher  to  have  investigated,  considered, 
and  fully  brought  forward  in  his  discussion  all  the  facts.  That  he  did 
not  do.  His  well-known  report  bears  the  impress  of  the  clever  advocate 
pleading  against  a  disliked  opponent,  but  never  that  of  the  unbiassed, 
clear-thinking,  mechanical  philosopher.  He  was  perfectly  right  in 
enlarging  upon  what  had  been  already  clearly,  though  very  briefly 
pointed  out  by  Professor  Barlow  in  his  report  to  the  Board  of  Trade — viz., 
the  inflexibility  of  the  system  to  a  varying  traffic,  and  that  (as  the 
system  then  stood)  the  constant  expenditure  for  power  must  be  very 
nearly  fixed  by  the  maximum  demand  for  it;  and  as  no  mode  of  meeting 
the  latter  difficulty  was  at  that  time  known,  he  was  justified  in  pushing 
to  its  fullest  limits  his  objection.  Not  so,  however,  with  several  other 
of  the  arguments  which  he  raises  in  his.report. 

In  some  of  these,  for  example,  he  points  out  the  enormous  loss  by 
valve  leakage  that  was  incurred  in  the  Dalkey  atmospheric  tube;  he 
shows  that  this  became  greater  as  the  vacuum  was  made  better,  and 
points  out  that  yet  with  the  best  vacuum  that  could  be  produced,  the 
gross  load  drawn  up  the  steep  gradients  of  that  line  was  comparative!}' 
small,  &c. ;  but  he  never  once  permits  himself  to  remark  that  a  larger 
diameter  of  tube,  and  working  at  a  lower  vacuum,  would  have  reduced 
the  leakage,  and.  with  the  same  tractile  power,  given  a  very  different 
colour  to  some  of  his  own  results  as  to  the  economy  of  the  system. 

The  great  and  cogent  objections  to  the  atmospheric  system  consisted 
in  the  assumed  impossibility  of  proportioning  the  supply  to  the  demand 
(with  variable  traffic)  of  locomotive  power,  and  in  the  imperfection  of 
Clegg's  long  valve  resulting  in  great  loss  by  leakage.  It  is  not  credible 
but  that  Stephenson  must  have  seen  that  other  methods  of  making  the 
vacuum  might,  and  probably  would  be  devised,  that  should  approxi- 
mately remove  the  first,  and  that  there  must  be  many  other  sorts  of  long 
valves  possible  as  well  as  Clegg's  defective  one.  But  he  drops  no  bint 
of  this;  the  criminal  was  on  his  trial,  he  must  stand  or  fall  by  such 
evidence  as  he  can  then  and  there  bring  into  court.  Such  is  the  mode 
of  investigation  and  conclusion,  very  proper  for  jurisprudence,  but  not 
within  the  nobler  province  of  philosophy. 

Mr.  Pole  is  either  himself  ignorant  of  the  facts,  or  knowing  them, 
has  done  ill  and  uncandidly  in  our  judgment  in  omitting  all  notice  of  the 
circumstances,  that,  within  only  a  few  months  of  this  period,  Mr.  Mallet 
in  England,  and  M.  Arnollet  in  France,  brought  forward  in  succession 
and  independently  their  methods  for  producing  and  husbanding  the 
vacuum  in  atmospheric  railways ;  that  their  method  was  pronounced 
pneumatically  and  mechanically  sound  and  practicable  by  Arago  in 
France,  and  by  Dr.  R.  Robinson  in  England;  that,  at  about  the  same 
time,  Mr.  James  Nasmyth  patented  his  method  of  producing  vacuum 
by  the  direct  condensation  of  steam,  which,  though  the  inventor  him- 
self did  not  fully  see  it,  involved  to  a  great  extent  the  value  of  the  method 
of  Mallet  and  of  Arnollet.  A  full  account  of  those  methods  will  be 
found  in  Weale's  Quarterly  Papers  on  Engineering,  to  which  we  can 
only  refer  the  reader. 

They  substituted  for  the  direct  exhaustion  of  the  long-valved  tube 
by  a  large  air-pump,  actuated  by  an  enormously  powerful  engine — to 
be  employed  at  intervals  only,  and  only  during  the  short  time  of 
exhausting  the  tube  and  passing  the  train — a  small  engine  power  con- 
stantly employed  in  exhausting  large  vacuum  vessels,  and  which 
magazines  of  husbanded  power  were  put  into  communication  with  the 
long  valve  tube  only  at  the  moment  and  so  long  as  the  train  was  in 
passage. 

The  effect  of  this  system  was  completely  to  remove  the  first  great 
objection,  and  to  bring  the  atmospheric  and  the  locomotive  on  a  par 
as  respects  the  power  of  proportioning  the  supply,  and  the  expense 
therefore  for  power,  exactly  to  the  demand,  however  varying.  Many 
minds  also  were  at  work  in  devising  other  and  better  forms  of  valve 
than  Clegg's,  and,  within  a  few  months,  amongst  these  Hallett's  lip  valve 
was  produced,  which  was  a  decisive  advance  upon  Clegg's.  Before 
the  South  Devon  line  was  taken  up,  there  were  at  least  half  a  dozen 
better  valves  in  existence  than  Clegg's.  The  atmospheric  railway  was 
in  fact  most  unfortunate  in  its  career.  The  wording  of  the  patents  of 
Clegg,  and  of  Clegg  and  Samuda,  was  peculiar,  and  not  free  from  doubt ; 
but  it  seemed  to  give,  prima  facie,  a  monopoly  to  those  patentees  of  some 
sort,  as  against  any  form  of  long  valve ;  and  by  one  of  those  adroit- 
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nesses  of  specification  writing,  which  constitutes  one  of  the  abuses  of 
onr  patent  law,  to  give  much  the  same  monopoly  as  against  the  tise  of 
any  form  of  making  the  vacuum,  though  it  is  absolutely  certain  that 
the  enormous  advantages  of  pumping  out  of  vacuum  vessels,  in  place 
of  out  of  the  long  valve  tube  direct,  were  never  understood  by  the 
patentees  until  they  were  communicated  to  them  by  Mr.  Mallet. 

The  effect  of  this  monopoly  was  to  destroy  for  the  time  any  interest 
of  third  parties  to  push  the  improvement  of  the  system,  so  that  Clegg 
&  Samuda's  designs,  unmodified  and  unimproved,  came  to  he  employed 
on  the  three  lines  on  which  the  system  Was  employed;  viz.,  the 
Croydon,  the  South  Devon,  and  the  Paris  and  Versailles.  When  we 
say  unimproved,  we  except  the  fact  that  the  diameter  of  the  tubes 
was  increased  over  that  of  the  original  model  line  of  Dalkey ;  but  this 
was  an  improvement  more  in  appearance  than  reality,  for  the  working 
vacuum  was  still  kept  up  to  a  high  gauge. 

Exhaustion  was  in  all  cases  made  direct  from  the  tube,  by  which  all 
the  loss  from  leakage  of  the  long  valve  during  the  time  of  making  the 
vacuum,  as  well  as  during  that  of  passing  the  train,  was  incurred.  The 
exhausting  power  was  necessarily  very  great.  The  slender  precautions 
taken  for  saving  fuel,  even  by  banking  up  the  fires  in  the  huge  engine 
boilers,  were  of  the  most  insufficient  character ;  and  although,  merely 
viewed  as  examples  of  engine-builders'  work,  the,  engines  on  the 
Croydon  line  did  honour  to  their  celebrated  makers,  Maudslay  &  Field, 
they  were  in  design  highly  unsuited  to  their  special  use,  and  the  air- 
pumps,  though  their  forms  were  believed  to  have  issued  from  the  office 
of  Mr.  (afterwards  Sir  William)  Cubitt,  were  in  the  highest  degree  ill- 
designed  and  wasteful  as  pneumatic  machines.  The  construction  of  a 
good  air-pump,  even  for  the  lecture  table,  is  a  problem  that  has 
exercised  the  talents  of  some  of  the  best  informed  physicists  and 
mechanicians  in  the  world,  and  includes  the  names  of  Halley,  Cuth- 
bertson,  aud  Smeaton.  But  new  difficulties  and  novel  conditions 
were  introduced  when  the  air-pump  was  to  be  made  of  colossal 
dimensions,  aud  such  as  demanded  wholly  new  forms  of  valve,  &c. 
These  were  at  that  date  little  understood  and  incompletely  studied, 
and  in  effect  the  air-pumps  on  the  Croydon  line  gave  a  miserably  bad 
"  duty,"  and  were  continually  knocking  themselves  to  pieces.  AVe  do 
not  wish  to  be  misunderstood  as  being  advocates  of  the  atmospheric 
system  ;  we  never  ranged  ourselves  in  either  of  the  hostile  camps  into 
which  the  engineering  army  was  for  some  years  after  1845  divided ; 
but  we  do  affirm  this  as  a  truth,  that,  up  to  this  moment  at  which 
we  write,  the  atmospheric  system  has  never  had  a  fair  trial — that  is  to 
say,  has  never  been  constructed  upon  those  physical  principles  and  with 
those  mechanical  details  which  are  indispensable  to  its  best  action. 

That  it  is  a  system  only  exceptionally  applicable  anywhere,  and  that 
the  locomotive  engine  is,  and  ought  to  remain  the  ruling  method  of 
railway  haulage,  is  certain ;  but  that  the  atmospheric  should  be  justly 
rejected  on  the  ground  of  impossible  economy  on  every  occasion,  as 
declared  by  Stephenson,  is  not  only  not  proven  by  any  fair  discussion 
of  even  Stephenson's  own  experiments,  but  is  not  capable  of  proof, 
because  it  is  physically  untrue. 

As  regards  the  collateral  issues  of  inconvenience,  accident,  &c,  &c, 
raised  and  pressed  against  it  so  pointedly  by  Stephenson,  it  is  only 
necessary  to  appeal  to  the  facts.  The  Dalkey  Railway — bad  as  was  the 
line,  with  curves  of  a  chain  or  two  radius  and  steep  inclines,  and  with 
the  original  old  apparatus  (the  first  ever  made)  with  its  wasteful  high- 
pressure  engine  and  direct  acting  air-pump  designed  by  the  late  Jacob 
Samudi,  with,  in  a  word,  all  its  imperfections — continued  to  work  with 
no  accidents,  and  few  if  any  interruptions,  for  more  than  ten  years,  and 
was  then  taken  up  because  the  Dublin,  Wicklow,  and  Wexford  Railway 
Co.  required  to  run  over  the  line  with  locomotives,  and  to  do  so  had  to 
remodel  its  curves  and  gradients.  The  Croydon  and  South  Devon  line, 
with  more  numerous  mishaps,  because  on  the  whole  actually  worse 
constructed  in  some  respects  than  the  Dalkey,  yet  continued  to  work 
until  the  system  was  ousted  from  both,  for  like  reasons  as  at  Dalkey ; 
the  locomotive,  for  ulterior  commercial  purposes,  had  to  come  on  the 
lines,  and  the  atmospheric  had  to  get  out  of  its  way. 

Lastly,  a  strictly  analogous  fate  hefel  the  Paris  and  Versailles  line. 
The  traffic  in  passengers  enormously  increased  year  by  year — it  was  at 
times  of  holiday  and  feast,  subject  to  prodigious  gluts.  There  was  a 
steep  incline  upon  the  line,  and  now  and  then  these  excessive  loads  of 
holiday-makers  got  stuck  fast,  and  could  not  by  the  power  resident  in 
the  tube  be  dragged  up.  This,  it  was  admitted,  might  have  been 
remedied  by  only  a  larger  tube ;  but  other  motives  of  commercial  policy 


were  concurrently  at  work,  and  so  the  system,  here  also,  made  way  for 
the  locomotive,  after  having  been  kept  at  work,  without  an  accident,  for 
fourteen  years. 

We,  therefore,  are  justified  in  saying,  in  the  words  of  the  report  of 
the  Parliamentary  Committee  on  this  system,  of  April,  1845,  that 
"  these  results  have  been  displayed  under  circumstances  which  afford 
no  fair  criterion  of  what  may  he  expected  elsewhere."  On  the  whole 
there  seems  little  ground  for  having  chosen  this  atmospheric  railway 
controversy  as  one  of  the  great  samples  of  Stephensonian  achievement, 
or  taken  that,  by  a  sort  of  so  called  Irish  bull,  for  illustration  as  one 
of  his  works,  which  was  not  one  of  his  works,  nor  a  work,  so  to  say, 
at  all.  A  dispassionate  survey  of  the  conduct  and  issue  of  the  con- 
troversy on  the  side  of  Stephenson,  shows  nothing  of  remarkable 
ability,  science,  or  acumen,  and  results  but  in  this,  that  he  was  right  in 
the  main  decisions  at  which  he  had  to  arrive,  on  the  direct  question 
before  him  ;  but  that  on  the  general  question  of  the  atmospheric  (meted 
by  his  own  measure,  the  facts,  and  his  own.  words),  he  was  neither  quite 
right,  nor  quite  fair.  Mr.  Pole  obviously  has  only  a  very  general,  if  not 
superficial  knowledge  of  the  subject;  he  could  not  otherwise  have  been 
ignorant  of  the  important  bearings  on  it  of  the  methods  of  exhaustion 
of  Mallet  and  of  Aruollet,  nor,  knowing  of  their  existence,  have  ignored' 
them,  unless  with  the  clear  intention  of  screening  Stephenson's  Report 
from  the  damaging  effect  of  these  upon  its  conclusions — from  which  we 
willingly  acquit  him. 

It  is,  therefore,  scarcely  worth  while  to  say  that  his  summing  up  has 
even  already,  to  some  extent,  been  refuted  by  events.  "This  remark- 
able scheme,"  he  says,  "  as  regards  the  magnitude  of  its  pretensions  and 
the  interest  it  excited,  has  no  parallel  in  railway  history."  "  It  is 
scarcely  likely  to  be  revived,  and  therefore  it  would  be  useless  now  to 
reopen  a  discussion  upon  it."  Yet  it  has  been  revived  in  the  hands  o'. 
Mr.  Rammell,  and  Mr.  Edwin  Clarke — one  of  Stephenson's  own  chief 
pupils,  let  it  be  remarked.  The  atmospheric,  only  changed  in  its 
details,  already  carries  the  mails  from  the  London  and  North  Western 
Metropolitan  terminus  to  a  distant  post  office  ;  and  the  system  is  nearly 
complete  by  which  all  these  mails  will  be  transmitted  from  the  same 
terminus  to  the  general  post  office,  at  St.  Martin's-le-Grand ;  and  this 
session  parliamentary  powers  were  obtained  for  a  passenger  atmos- 
pheric or  pneumatic  (as  the  engineers  call  it,  to  escape  the  evil  odour 
that  has  been  attached  to  the  other  word  probably)  railway  to  pass 
under  the  Thames,  and  connect  the  South  Western  Railway  with  the 
Victoria  Terminus. 

That  many  occasional  applications  will  be  found  for  this  form  of 
atmospheric,  in  which  the  air  pressure,  whether  plus  or  minus,  is  reduced 
to  one  of  a  few  ounces  to  the  square  foot,  and  in  which  it  has  returned 
to  its  very  oldest  design,  we  do  not  doubt.  It  is  said,  we  believe  on 
good  authority,  that  only  a  year  or  two  since,  even  Mr.  Bidder  himself, 
who  in  this  was  the  coadjutor  of  Stephenson  in  opposition  to  the  atmos- 
pheric, as  in  everything,  seriously  proposed  the  adoption  of  the  Clegg 
and  Samuda  system,  only  with  a  huge  diameter  of  tube,  for  a  certain 
line  with  which  he  was  concerned,  or  for  certain  parts  of  that  line.  If  so, 
we  have  lived  to  find  defection,  in  so  far,  even  on  the  part  of  that 
staunch  adherent. 

The  most  feasible  application  of  the  atmospheric  system  teas,  beyond 
question,  to  exceptionally  steep  inclines  upon  railways  worked  gene- 
rally by  the  locomotive,  where,  as  upon  the  Ghaut  inclines  in  India,  the 
atmospheric  tube  should  come  in  at  the  pinch  to  aid  the  locomotive 
engine.  Recent  improvements,  or  rather  old  improvements  recently 
revived  and  brought  into  prominence,  have  greatly  diminished  this  oppor- 
tunity, however.  Mr.  Fell's  experiments  upon  the  High  Peak  Rail- 
way, and  subsequently  and  recently  upon  the  line  partly  laid  over  Mont 
Cenis,  prove  that  the  locomotive  itself,  if  Ave  enable  it  to  grip  a  middL 
rail  laterally  between  wheels  revolving  in  horizontal  planes,  with  a 
regulated  pressure,  can  drag  up  inclines  of  1  in  12  or  14  three  or  four 
times  the  load  that  the  adhesion  by  gravity  of  their  driving  wheels  fixes 
as  a  limit  to  its  powers.  The  result  is  not  a  new  or  unforeseen  one. 
Fifteen  years  ago,  at  least,  the  same  method  was,  within  our  personal 
knowledge,  proposed  to  Sir  John  Macneil,  C.E.,  for  the  tunnel  on  the 
Great  Southern  and  Western  Railway  in  Ireland,  at  its  entrance  to 
Cork,  where  the  gradient  is  as  steep,  we  believe,  as  1  in  60;  but  it  had 
not  previously  come  before  the  world  with  the  force  and  sanction  of  a 
decisive  experimental  proof.  It  now  bids  fair  to  commence  a  revolu- 
tion in  railway  engineering  as  regards  the  passage  over  mountain  crests, 
and  generally  as  to  the  use  of  sharp  gradients. 
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One  of  the  advantages  claimed  for  the  atmospheric  was  that  the  train 
was  bound  down  to  the  line  by  the  travelling  piston  and  tube,  and  acci- 
dents by  leaving  the  rails  were  almost  impossible.  This  is  equally  true 
of  the  mid-rail  system  of  Mr.  Fell,  and  perhaps  it  is  yet  in  the  births  of 
the  future  that  gravity  adhesion  of  the  locomotive  may  be  ultimately 
everywhere  abandoned,  and  all  traction  done  by  lateral  or  other  grip — 
and  so  fine  gradients  cease  to  be  more  than  a  condition  of  secondary 
importance  on  any  line.  Should  that  come  about  we  can  see,  as  result- 
ing, vast  cheapenings  and  vast  extensions  of  the  railway  system  all  over 
the  world. 

We  had  intended  to  have  concluded  in  this  paper  our  notices  of  the 
"  Life  of  Stephenson,"  yet  we  must  postpone  to  another  part  our 
remarks  upon  the  battle  of  the  gauges,  as  well  as  some  more  general 
remarks  upon  the  genius  and  true  position  in  the  Engineering  Walhalla 
of  Robert  Stephenson.  Living  at  the  period  he  did,  and  how  he  did, 
his  name  so  connects  itself  with  the  great  engineering  works  of  this 
century,  that  little  apology  is  necessary  for  a  set  of  papers  which,  how- 
ever entitled  to  the  position  and  class  of  reviews,  have  in  reality 
become  critical  engineering  essays. — Ed. 


A  Handbook  of  the  Steam  Engine,  &c,  &c,  constituting  a  Key 
to  the  Catechism  of  the  Steam  Engine.  1  vol.  8vo.  By  John 
Bourne,  C.E.     Longmans,  1865. 

This  title  gives  a  true  and  yet  a  false  notion  of  the  nature  of  the  book 
itself.  It  professes  to  be  a  key  to  the  catechism  of  the  steam  engine, 
which  several  years  ago  the  same  author  produced,  and  whichstill  remains 
one  of  the  best  works  of  a  practical  character  on  the  subject  in  English. 
It  no  doubt  is  such  a  key,  but  it  is  much  more ;  its  real  scope  is  to 
educate  up  the  workman,  or  any  man  whose  previous  knowledge  is  so 
backward,  to  the  point  that  shall  enable  him  to  read  and  understand, 
not  only  the  author's  catechism  of  the  steam  engine,  but  almost  any 
similar  sort  of  work  on  any  other  branch  of  mechanics,  or  of  civil  or  of 
mechanical  engineering. 

In  fact  Mr.  Bourne's  is  a  rudimentary  book,  the  first  chapter  of 
which  is  not  only  "  the  Arithmetic  of  the  Steam  Engine,"  as  it  is 
entitled,  but  is  a  rudimentary  treatise  on  arithmetic,  logarithms,  and 
the  lower  elements  of  algebra  in  general,  and  is  quite  as  much  the 
arithmetic  of  land-surveying  or  of  green-grocery,  as  it  is  that  of  the 
steam  engine  specially. 

So  again  there  is  the  same  limiting  misnomer  in  calling  the  second 
chapter  "  the  Mechanical  Principles  of  the  Steam  Engine,"  which  is  in 
reality  a  brief  treatise  on  some  of  the  leading  principles  of  statics  and 
dynamics,  and  as  available  for  calculating  the  perturbation  of  a  planet, 
as  for  the  movements  of  the  steam  engine. 

The  third  chapter,  however,  brings  the  subject  nearer  to  the  specialty 
of  the  steam  engine  in  the  sketch  given  of  the  leading  circumstances 
and  conditions  of  heat,  of  vaporization,  and  of  combustion  ;  and  chapter 
iv.  plunges  really  into  the  special  subject  "of  the  Proportions  of  Steam 
Engines,"  followed  by  those  of  boilers.  The  work  concludes  with 
chapters  vi.  and  vii.,  on  the  Power  and  Performance  of  Engines,  in  which 
some  excellently  well  put  together  remarks  on  the  indicator  are  oddly 
placed  in  company  with  paragraphs  on  the  heating  surfaces  of  boilers 
and  of  condensers,  Giffard's  injector,  and  the  comparative  efficiency 
of  hydraulic  machines,  and  (last  chapter)  Steam  Navigation,  in  such 
questions  as  resistance,  friction,  speed,  water-lines,  concludes  the  book. 
The  work  is  one  of  many  and  considerable  merits,  and  a  pleasant 
remembrancer  for  one  who  is  already  well  up  to  the  subjects  of  which 
it  treats,  which  are  generally  handled  as  by  one  who  knows  his  work, 
and  has  imbibed  somewhat  broad  views  of  the  range  of  physical  science. 
We  much  doubt,  however,  whether  the  ill-educated  man  (for  whom  the 
work  seems  designed)  will  derive  either  the  same  pleasure  or  much 
profit  from  its  perusal.  It  is  not  possible  to  teach  fundamental  physi- 
cal or  mechanical  truths  by  any  short  road.  If  they  are  to  be  mastered 
the  learner  must  really  begin  at  the  beginning,  and  his  reasoning  facul- 
ties must  be  satisfied  by  the  proof  of  every  step,  and  this  after  all  that 
mere  schoolboy  information,  which  is  embraced  in  the  first  chapter 
here,  has  been  acquired  at  school,  in  some  sort. 

Illustrative  and  less  rigid  teaching  never  leaves  more  than  a  sort  of 
confused  notion,  a  half  knowledge  that  is  liable  to  break  down,  or  run 
astray  whenever  it  is  attempted  to  be  applied  by  its  possessor. 

While  generally  accurate  in  matter  and  in  expression,  there  are  some 
strange  departures  from  the  latter,  at  least  here  and  there;  for  example, 


at  p.  134  we  have — under  the  head,  "Nature  of  Mechanical  Power"— 
a.  mechanical  power,  or  as  it  is  sometimes  defined,  work,  or  vis  viva,  is 
pressure  acting  through  space."  These  are  certainly  none  of  them 
identical,  and  while  worh  is  not  properly  and  rigidly  "  pressure  acting 
through  space,"  vis  viva  is  something  entirely  different,  in  fact  is  only 
a  mathematical  abstraction  having  a  fixed  relation  to  work. 

Under  the  paragraphs  on  "  the  laics  of  falling  bodies,"  p.  138,  139, 
we  have  some  far  more  startling  statements,  e.g. : — "The  phenomena  of 
the  gyroscope  seem  to  show  that  gravity  takes  an  appreciable  time  to 
act.  If  a  heavy  wheel  set  on  the  end  of  a  horizontal  shaft,  which  is 
sustained  by  two  suitable  supports,  be  put  into  rapid  rotation,  the 
support  nearest  the  wheel  may  be  taken  away  without  the  wheel  falling 
down,  from  which  it  appears  that  the  pulsations,  which  produce  gravity 
may  be  so  confounded  together  by  the  rapid  change  in  the  position 
of  the  wheel,  and  consequently  in  the  rapid  change  in  the  direction  of 
the  attracting  pulses  or  waves,  that  the  phenomena  of  gravity,  or  what 
remains  of  them,  is  manifested  in  a  horizontal  direction  instead  of  in  a 
vertical,  the  wheel  having  shifted  into  or  towards  that  direction  before 
the  pulsations  have  had  time  to  be  completed." 

Which  support  may  be  the  nearest  where  nothing  had  been  said  of 
the  distance  of  either,  we  know  not,  nor  does  it  at  all  matter.  This 
account  of  one  of  the  most  ordinary  phenomena  of  the  gyroscope  is, 
however,  likely,  we  think,  to  confound  together  the  mental  pulsations 
of  any  reader  who  endeavours  to  obtain  his  fountain-head  knowledge 
on  the  subject  here.  In  fact,  it  is  utterly  in  error;  the  preservation 
of  the  plane  of  rotation  of  the  gyrating  disc  depends  upon  entirely 
different  principles,  as  is  well  known  to  those  conversant  with  the 
original  investigations,  of  many  years  since,  of  Mous.  Poinsot,  who  first 
indicated  them,  and  with  the  subsequent  memoirs  of  Foucault,  Purser, 
and  others  on  the  subject. 

But,  in  truth,  what  congruity  is  there,  even  had  this  and  other  like 
passages  of  the  work  been  perfectly  exact,  in  thus  mixing  up  the 
sublimities  of  physical  science  with  the  teachings  of  its  lowest  elements, 
before  an  audience  from  which  it  is  assumed  that  the  most  ordinary 
algebraic  formula  must  in  its  generality  be  withholden,  and  its  place 
supplied  by  "  common  arithmetic,"  in  particulars  and  "rules  at  length." 


Meteorology  and  the  Law  of  Storms,  being  a  New  Theory 
of  the  Causes  of  Wind,  &c,  &c.  By  Geo.  A.  De  Penning,  Civil 
Engineer,  Calcutta.     1864.     1  vol.  8vo. 

Tins  small  work  too  professes  to  begin  with  elementary  matter,  and 
within  the  short  space  of  53  octavo  pages  to  teach,  not  only  all 
meteorology,  but  a  new  meteorology,  so  far  as  the  theory  of  winds  is 
concerned. 

We  must  confess  we  have  been  unable  to  extract  the  new  theory,  or 
any  intelligible  and  trustworthy  theory  of  a  coherent  character,  from 
these  pages.  Occasionally,  the  illustrations  of  positions  supposed  to 
demand  such  proof  are  of  the  most  transcendentally  obscure  character. 
As  for  instance,  p.  8,  we  are  informed  that  liquids  and  gaseous  bodies, 
such  as  air,  possess  no  friction  whatever  between  their  particles  (atoms, 
the  author  calls  these)  in  motion.  For  proof  of  this,  in  air,  "Place 
three  lighted  tapers  in  a  row,  at  a  distance  of  three  inches  apart,  then 
at  a  distance  of  ten  feet  set  the  air  in  the  barrel  of  an  unloaded  gun 
towards  the  centre  of  them,  by  the  explosion  of  a  percussion  cap; 
when  it  will  be  found  that  the  centre  light  alone  is  blown  out,  and  that 
without  disturbing  the  other  two.  This  important  property  of  air  ex- 
plains the  many  sudden  movements  of  the  atmosphere,  and  the  facility 
with  which  a  body  of  it  may  move  through  the  still  atmosphere,  while 
it  admits  of  its  continued  rotation  from  momentum,  in  its  rotatory 
storms." 

Admitting  it  to  be  a  fact,  that  by  exploding  a  cap  on  the  nipple  of  a 
gun  we  can  blow  out  the  flame  of  the  centre  one  only  of  three  candles 
standing  at  three  inches  apart,  it  seems  to  us  that  it  would  rather  prove 
some  enormous  friction  in  the  air  particles  preventing  any  lateral  com- 
munication of  motion,  than  that  there  was  none  at  all.  We  apprehend 
those  who  may  repeat  the  experiment,  however,  will  on  our  view  find 
a  result  more  in  accordance  with  the  author's  own  notion,  by  always 
finding  that  all  three  candle  flames  shall  be  blown  out. 

An  example  of  the  style  and  exactness  of  thought  and  of  expression 
of  the  author  may  be  taken  from  the  following  passage,  p.  70: — "  The 
moaning  noises  (of  cyclones,  namely)  which  are  heard  at  a  distance, 
but  which  increase  to  a  roar  within  the  influence  of  the  storm,  are 
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partly  due  to  the  oscillation  of  the  vortex,  and  partly  to  the  reverbera- 
tor)' effect  of  the  rotating  air  surrounding  it,  which  becomes  as  it  were 
a  separate  strata,  both  from  being  of  a  different  density,  and  from  being 
greatly  imbued  with  moisture,  so  as  to  form  banks  of  mist  around  the 
vortex,  which  like  the  clouds  reverberate  the  noises  of  the  storm,  and 
these  are  also  much  augmented  by  the  greater  sonorocitij  (sic)  of  the 
less  dense  air  of  the  partial  vacuum  itself,  similar  in  its  effects  to  that 
of  our  chimneys,  which  from  holding  raritied  air  of  small  density,  gives 
(sic)  out  hollow  moaning  noises  during  a  gale."  The  italics  are  ours. 
We  have  hitherto  thought  that  the  noises  in  our  chimneys  in  gales  of 
wind  was  due  to  the  wind  passing  over  the  top  orilice,  and  for  the 
moment  making  the  chimney  into  a  great  Pandsean  pipe,  or  organ  pipe. 
The  explanation  from  Calcutta,  however,  quite  puzzles  us,  even  when 
we  have  endeavoured  to  put  it  into  intelligible  English  grammar. 


CORRESPONDENCE. 


tsf  We  do  not  hold  ourselves  responsible  for  the  views  or  statements  of  our 
Correspon  dents. 


RIFLES. 

Sir, — A  letter  appeared  in  the  Times  of  the  31st  ult.  from  Mr.  Leece,  on  behalf 
of  the  Whitworth  Ride  Company. 

Being  absent  from  home  I  did  not  see  the  letter  until  lately,  or  I  would  have  at 
once  asked  your  permission  to  correct  certain  statements  which  it  contains. 

Referring  to  his  first  topic,  the  award  to  me  by  the  council  of  the  National  Rifle 
Association  of  the  marquis  of  Tweeddale's  prize  for  military  muzzle-loaders,  it  is 
not  necessary  that  I  should  defend  the  decision  of  the  council  against  the  reclama- 
tions of  a  defeated  competitor.  The  grounds  for  that  decision  have  been  published, 
and  your  readers  will  find  them  in  the  report  of  the  Association  for  1864.  So  far 
from  Mr.  Whitworth  refusing  to  compete  in  the  second  trial  ordered  by  the  council, 
the  date  of  it  was  altered  to  meet  his  wishes,  and  it  was  not  until  the  day  fixed  on 
that  he  withdrew. 

In  the  nest  paragraph  of  his  letter  Mr.  Leece  propounds,  in  a  rather  involved  sen- 
tence, the  doctrine  of  the  finality  of  the  Whitworth  rifle  and  the  vanity  of  all  attempts 
to  improve  on  it.  I  should  be  sorry  to  see  Mr.  Leece  abandon  this  belief,  and  only 
claim  toleration  for  my  own  heretical  opinions.  I  have  always  been  ready  to  admit 
that  to  Mr.  Whitworth's  labours  and  great  talents  is  chiefly  due  the  extraordinary 
progress  which  has  been  made  of  late  years  in  long-range  rifles;  but  all  art  is  pro- 
gressive, and  rifle-making  obeys  the  rule. 

Mr.  Leece  in  his  nest  sentence  states  that  my  new  rifle  is  a  close  imitation  of  the 
Whitworth.  My  old  one  was  also  claimed  as  an  imitation,  and  yet  the  two  are 
totally  dissimilar. 

Almost  all  rifles  are  formed  by  cutting  grooves  of  various  number  and  shape  in  a 
cylindrical  barrel.    In  Mr.  Whitworth's  these  grooves  assume  the  form  of  a  hexagon. 

The  system  I  have  adopted,  so  far  from  l.eing  an  imitation  of  Mr.  Whitworth's, 
is  to  form  raised  spiral  ridges  on  the  interior  surface  of  the  barrel,  and  to  make 
corresponding  indentations  or  grooving  in  the  bullet. 

A  further  distinction  between  the  two  rifles  is,  that  mine  does  not  require  the 
use  of  a  mechanical  cleaning  rod  or  any  similar  contrivance,  to  obviate  fouling. 

The  first  rifles  ever  made  on  this  system  were  experimental  ones,  invented  by  my 
father  in  1846. 

The  difficulty  of  producing  this  particular  form  with  the  tools  then  in  use  prevented 
its  general  adoption,  and  has  only  recently  been  overcome  by  improved  machinery. 

In  his  next  paragraph,  Mr.  Leece  has  taken  up  a  slight  error  in  your  notice  of 
Colonel  Dixon's  report  on  the  trial  of  my  rifles  at  Enfield,  and  in  place  of  correcting 
it,  as  in  fairness  he  should  have  done,  has  attempted  to  use  it  for  the  purpose  of 
invalidating  that  trial.  He  says  that  by  your  statement  it  would  appear  that  only 
five  or  six  shots  were  fired  from  each  rifle,  and  argues  that  such  a  trial  is  of  no 
value,  whereas  he  well  knows  that  these  were  but  the  trial  shots  fired  immediately 
before  and  in  addition  to  twenty  shots  from  each  rifle,  and  that  the  whole  number 
fired  for  the  purpose  of  obtaining  the  figure  of  merit  was  300,  and  not  83.  In  Mr. 
Leece's  last  remark  I  fully  concur — namely,  that  trials  of  rifles  made  at  different 
times  are  inconclusive  for  purposes  of  comparison.  I  hope  that  at  the  next  November 
competition  the  opportunity  for  a  really  comparative  trial  may  be  embraced  by  the 
company  he  represents. 

I  have  the  honour  to  be,  Sir,  your  obedient  servant, 


Gun  Manufactory,  Dublin,  Oth  June. 


John  Rigby. 


PREVENTION    OF    THE    ESCAPE    OF    HEAT. 
(To  the  Editor  of  the  Practical  Mechanics  Journal.} 

Sir,— Ton  will  oblige  by  informing  me  in  your  correspondence  column,  what  yon 
consider  the  best  means  of  preventing  the  escape  of  heat  from  the  external  surface 
of  cylinders,  steam  pipes,  boilers,  &c. 

Yours  most  respectfully, 

Birkenhead,  17th.  July,  1865.  Leba. 

[The  querist  has  but  an  indistinct  notion  of  the  question  he  would  ask,  or  he 
would  not  have  included  in  one  category,  cylinders,  steam  pipes,  boilers,  &c. ;  the 
et  eastern  might  be  snow  balls. 

For  cylinders — i.e.t  steam  cylinders — the  steam  jacket  of  Watt,  with  layers  of 
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felt  or  blanketing  over  the  jaeket,  and  wood  staving  with  a  polished  and  light 
coloured  surface  over  all,  is  employed. 

For  steam  pipes — lapping  with  hay  bands,  these  daubed  over  with  well-tempered 
clay  and  sand  (loam  stuff  of  the  iron  moulder),  let  to  dry  and  then  sewed  over  with 
canvas,  which  may  be  painted  white,  or  covered  again  with  wood  staving. 

For  steam  boilers — the  covering  must  depend  on  the  sort,  size,  use,  &c.  Land 
boilers  are  best  covered  up;  when  otherwise,  they  might  be  exposed  with  dry  sifted 
ashes,  and  these  with  brick  or  tiles — sometimes  an  air  space  and  brickwork  outside 
is  best.  Marine  and  other  boilers  are  jacketted  with  felt;  tarred  hair  felt  is  often 
used,  but  is  a  very  dangerous  material — apt  for  spontaneous  combustion.  Wood 
lagging  is  used  for  locomotives  and  ':  coffee  pot "  engines;  and  the  exit  flue  has  been 
returned  round  the  outside  of  some  boilers,  so  as  to  employ  as  a  jacket  so  much  of 
the  otherwise  wasted  heat  of  the  chimney. — Ed.] 


PROCEEDINGS    OF   SCIENTIFIC    SOCIETIES. 


ROYAL   INSTITUTION   OF   GREAT   BRITAIN. 


ON  MAGENTA  AND  ITS  DERIVATIVE  COLOURS.   By  Mr.  F.  Fiei.d,  F.R.S.L.  &  E. 

Three  years  ago,  in  this  theatre,  Dr.  Hofmann  delivered  his  celebrated  discourse 
on  Mauve  and  Magenta;  and  it  might  seem  temerity  in  me  to  trespass  upon  the 
premises  of  so  great  and  distinguished  a  master,  were  it  not  remembered  that 
during  that  interval  rapid  strides  had  been  made  in  organic  chemistry,  and  especially, 
perhaps,  in  the  direction  of  the  aniline  colours. 

Although  I  will  endeavour  to  confine  myself  as  much  as  possible  to  the  imme- 
diate subject  of  the  discourse,  it  will  be  necessary  to  glance  for  a  few  moments  at 
the  history  of  aniline,  the  progenitor  of  nearly  all  the  beautiful  compounds  you  see 
around  the  table. 

Aniline  was  discovered  in  the  year  1826,  by  Unverdorben,  who  obtained  it  from 
the  destructive  distillation  of  indigo.  A  short  time  afterwards,  Runge  and  Fritsche 
observed  that  by  the  action  of  strong  hydrate  of  potash  upon  the  dye,  aniline  was 
eliminated  in  far  greater  quantity.  Indigo  in  small  fragments  is  heated  in  a  retort 
with  a  strong  solution  of  caustic  potash,  and  in  the  distillate,  which  consists  of 
many  products,  there  is  found  a  thin  and  nearly  colourless  fluid,  having  a  specific 
gravity  of  1028,  a  peculiar  but  not  disagreeable  odour,  and  a  pungent  biting  taste. 
When  kept  for  some  time,  even  in  the  dark  and  in  stoppered  bottles,  it  assumes  a 
darker  tint,  and  becomes  ultimately  a  very  dark  brown.  Unverdorben  called  it 
"  crystalline,"  Runge  "  kyonal,"  and  Fritsche  "  aniline." 

This  substance  is  a  nitrogenized  base,  and  is  capable,  when  combined  with  acids, 
of  forming  those  beautiful  crystallized  salts,  nearly  all  of  which  have  been  carefully 
examined  by  Dr.  Hofmann  and  other  chemists. 

There  are  many  other  sources  besides  indigo,  from  which  aniline  may  he  obtained. 
For  commercial  purposes  it  is  always  prepared  from  nitro-benzol,  a  substance  derived 
from  the  action  of  nitric  acid  upon  benzol. 

CsHe-L-HNOs^Cs^NOa-f-HaO.* 

Nitro-benzol  when  agitated  with  water,  acetic  acid,  and  iron,  yields  aniline. 

C6H5N02-f-6H  =  CGH7N-f  2H20. 

Benzol  was  originally  discovered  by  Mr.  Faraday  in  1825,  in  his  investigations  upon 
the  gaseous  products  from  oils  subsequently  obtained  by  the  decomposition  of  benzoic 
acid  by  means  of  caustic  lime.  Mr.  Mansfield,  however,  succeeded  in  producing  it 
in  much  larger  quantities  from  coal-tar  naphtha.  When  the  lighter  portions  of  this 
compound  are  distilled  fractionally  until  a  constant  boiling  point  of  180°  F.  is 
arrived  at,  the  product  consists  of  pure  benzol,  identical  with  the  carbo-hydrogen 
obtained  by  Mr.  Faraday. 

From  the  earliest  discovery  of  aniline  it  was  noticed  that  certain  oxidizing  agents 
when  mixed  with  a  solution  of  its  salts  produced  a  fine  violet  tint.  Even  in  minute 
quantities,  a  few  drops  of  hypochlorite  of  lime  render  it  purple.  There  is  another 
test  for  aniline,  which  I  will  show  you,  and  which,  as  far  as  I  am  aware,  has  not 
been  observed  previously.  If  the  red  gases  obtained  by  the  decomposition  of  nitric 
acid  by  starch  or  sugar,  be  passed  into  an  aqueous  solution  of  aniline,  the  liquid 
speedily  assumes  a  yellow  colour,  owing  to  the  formation  of  a  new  base — azopheny- 
lamine,  which  is  gradually  precipitated  as  a  bright  yellow  powder.  It  was  not, 
however,  until  the  year  185G  that  aniline  was  applied  to  any  great  practical  purpose, 
although  from  the  beauty  of  its  compounds,  and  from  its  comparative  accessibility, 
it  had  from  the  time  of  its  discovery  become  a  great  favourite  with  chemists. 

Mr.  Perkin  was  the  first  who  produced  colour  on  an  extensive  scale  from  this 
base.  He  added  a  solution  of  bichromate  of  potash  to  a  salt  of  aniline,  and  from 
the  precipitate  thereby  produced,  he  isolated  a  magnificent  purple  dye,  he  termed 
"mauve,"  which  at  once  became  popular,  and  indeed  at  the  time  almost  universal. 
It  may  truly  be  said  that  this  discovery  has  identified  Mr.  Perkin  with  the  aniline 
colours,  and  that  he  will  be  always  associated  with  one  of  the  most  striking  and 
brilliant  passages  in  the  history  of  chemistry  as  applied  to  the  industrial  arts. 

It  cannot  be  supposed  that  such  a  discovery  would  be  allowed  to  rest.  A  mine 
had  been  opened  which  chemists  began  to  explore,  and  in  such  numbers,  and  with 
such  avidity  and  zeal,  as  almost  to  lead  us  to  anticipate  that  its  riches  will  soon  be 
exhausted.  The  action  of  numerous  bodies  upon  aniline  and  its  homologues  were 
found  to  be  productive  of  colour.  Nitrate  of  silver,  nitrate  of  mercury,  chloride  of 
mercury,  chloride  of  tin,  arsenic  acid,  iodine,  and  many  others,  when  heated  with 
the  base,  gave  a  rich  crimson  colour,  in  more  or  less  abundance ;  and,  although  it 
would  be  impossible  for  me  to  enter  into  a  disquisition  on  the  comparative  merits 
of  these  various  methods  for  the  production  of  colour,  I  trust  to  be  able  to  produce 
magenta,  although  in  somewhat  crude  form,  at  this  lecture  table,  and  also  to  dye 
this  tassel  of  silk  from  a  solution  of  its  salt.  The  reagent  I  will  employ  is  iodine. 
A  few  crystals  of  this  element  are  placed  in  a  tube  with  about  twice  their  weight 

*  C  =  12  —  0  =  1G. 

U 


154 


THE  PBACTICAL   MECHANIC'S  JOURNAL. 


August  1,  1SG5. 


of  aniline.  Heat  is  at  once  evolved,  and  with  the  assistance  of  a  higher  temperature 
from  the  spirit  lamp,  you  will  observe,  that  in  a  few  moments  intense  colour  is 
developed.  If  a  few  drops  are  now  poured  into  spirit,  and  this  solution  added  to 
water,  a  fine  rose-coloured  tint  will  appear. 

It  may  seem  strange  to  those  who  have  read  Dr.  Hofmann's  beautiful  researches 
upon  the  aniline  substitutive  products,  his  chloraniline,  bromaniline,  iodaniline,  and 
a  multitude  of  others,  that  he  had  not  observed  this  curious  reaction  ;  and  this  leads 
me  to  tell  you,  en  passant,  for  time  will  not  allow  me  to  dwell  upon  this  interesting 
topic  to-night,  that  aniline,  when  perfectly  pure,  does  not  yield  any  amount  of 
colour  with  most  of  the  reagents  mentioned  above — a  most  important  fact  dis- 
covered by  Dr.  Hofmaun  and  Mr.  Nicholson,  and  which  has  given  rise  to  one  of  the 
most  difficult  questions  which  yet  remain  to  be  answered.  I  will  simply  say  that  it 
appears  that  there  must  be  a  homologue  of  aniline  present  with  that  base  to  produce 
the  colour  you  see  before  you,  although  that  homologue,  per  se,  will  give  no  colour 
whatever.  Thus,  for  example,  toluidine,  C7  H9  N,  when  treated  with  oxidizing  agents, 
does  not  produce  colour;  let  it  be  mixed  with  aniline,  and  the  dye  is  immediately 
developed. 

The  tintorial  power  of  the  salts  of  magenta  is  something  marvellous.  No  dye 
that  I  have  examined,  whether  from  the  animal,  mineral,  or  vegetable  world,  can 
bear  comparison  for  one  moment  with  this  crimson  colour  obtained  from  aniline. 
One  grain  in  a  million  times  its  weight  of  water  gives  a  pure  red,  in  ten  millions  a 
rose  pink,  in  twenty  millions  a  decided  blush,  and  even  in  fifty  millions,  with  a  white 
screen  behind  the  vessel  in  which  it  is  dissolved,  an  evident  glow.  Magenta  has 
been  carefully  studied  and  analyzed  by  Dr.  Hofmann,  who  gives  us  the  following 
formula — 

C20H21N3O,H2O. 

Although  the  salts  of  magenta  are  possessed  of  such  wonderful  colouring  capacity, 
the  base  itself  is  colourless ;  and  it  is  remarkable  that  the  union  of  base  and  acid 
for  the  formation  of  a  salt  does  not  appear  to  take  place  in  dilute  solutions  in  the 
cold,  at  any  rate  not  immediately.  In  these  two  vessels,  one  containing  hot  and 
the  other  cold  water,  an  equal  quantity  of  magenta  base  is  added,  and  also  an  equal 
amount  of  dilute  sulphuric  acid.  In  the  hot  liquid  colour  is  instantaneously 
developed;  in  the  cold  solution  the  liquid  remains  colourless.  If  now  hot  water  be 
introduced  to  raise  the  temperature,  you  will  observe  at  once  the  characteristic  rose 
tint.  It  may  be  imagined,  therefore,  that  having  free  acid  in  a  solution  of  base 
without  production  of  colour,  it  is  possible  to  have  free  alkali  in  a  coloured  solution 
of  a  salt  of  the  base  without  depriving  it  of  its  tint.  Such  is  the  case.  If  to  a 
hot  solution  of  acetate  of  magenta,  for  example,  caustic  soda  is  added,  the  colour  is 
immediately  discharged,  but  in  a  cold  solution  the  colour  remains  for  a  long  time 
unchanged. 

Dr.  Hofmann  discovered,  about  a  year  ago,  that  when  magenta,  or  as  it  is  termed 
In  chemical  language,  rosaniline,  is  heated  with  iodide  of  ethyl,  a  change  is  effected, 
and  a  substitution  product  formed,  which  was  termed  ethyl-rosanifine.  The  salts  of 
this  new  base,  unlike  magenta,  dissolve  with  a  beautiful  violet  colour,  and  are 
capable  of  affording  most  remarkable  manifestations.  The  dark  violet  liquid,  on  the 
addition  of  sulphuric  acid,  becomes  colourless;  on  adding  ammonia  the  original 
purple  is  restored.  If  hydrochloric  acid  is  added  in  small  quantities,  the  liquid 
changes  to  blue;  if  in  larger  quantities,  to  a  brilliant  green.  When  this  green 
solution  is  thrown  into  water,  so  as  to  dilute  the  acid,  the  original  violet  returns. 

When  aniline  is  heated  with  salts  of  magenta,  purple  and  blue  colours  are  pro- 
duced, all  of  which  are  now  extensively  employed  in  commerce,  and  afford  tints  of 
great  brilliancy  and  beauty.  The  blue  is  perfectly  insoluble  in  water,  but  readily 
soluble  in  alcohol,  and  is  capable  of  dyeing  both  silk  and  wool  with  the  greatest 
facility. 

Mr.  Nicholson  patented  a  method  a  few  years  ago  for  obtaining  a  beautiful  blue 
dye,  soluble  in  water,  which  consists  in  heating  the  phenyl  blue  in  strong  sulphuric 
acid  until  a  drop  of  the  semi-liquid  thrown  into  water  was  found  to  be  entirely  dis- 
solved. This  compound,  however,  although  very  applicable  for  silks,  refuses  to 
impart  its  colour  to  wool,  which  may  be  exemplified  by  immersing  two  white  tassels 
in  the  liquid — the  silk  is  immediately  dyed,  while  the  wool  remains  unchanged. 
The  effect  is  still  more  striking  upon  cotton.  We  have  here  the  letters  R.  I.  (the 
initials  of  the  Royal  Institution)  worked  in  silk  upon  a  cotton  ground :  after  dipping 
it  for  a  few  moments  in  this  bath  the  letters  will  become  blue,  and  the  cotton 
continue  white. 

Aniline  green,  which  has  lately  become  so  popular,  is  produced  by  the  action  of 
aldehyde  and  some  other  deoxidizing  agents  upon  rosaniline.  This  is  one  of  the 
most  charming  colours  yet  discovered,  but  has  not  been  (as  far  as  its  chemical  nature 
is  concerned)  satisfactorily  investigated.  To  judge  of  its  purity  of  tint,  it  is  only 
necessary  to  compare  the  commercial  greens,  prepared  by  various  mixtures  of  yellow 
and  blue,  with  the  dye  in  question,  to  observe  the  infinite  superiority  of  the  latter. 
Aniline  brown  may  be  formed  by  the  action  of  chloride  of  aniline  upon  either 
magenta  or  violet,  at  a  high  temperature.  Great  destruction  of  colour  doubtless 
takes  place;  but  the  brown  produced  is  remarkably  beautiful.  The  compound, 
however,  is  not  definite,  nor  can  it  be  classed  among  the  true  chemical  products 
derived  either  from  aniline  or  rosaniline. 

It  has  been  observed  that  magenta  base  is  colourless  :  this  may  be  said,  probably, 
of  the  bases  of  most  of  the  colours  before  you.  On  this  white  board  I  have  traced 
the  letters  composing  the  word  ''Aniline"  in  seven  colourless  bases  derived  from 
that  compound.  A,  in  ethyl-rosaniliue:  N,  in  phenyl-violet,  approaching  indigo  in 
colour;  I,  in  phenyl-blue ;  L,  in  aniline  green;  I,  in  azo-phenylamine ;  N,  in 
chrysaniline ;  and  E,  in  rosaniline.  On  converting  these  bases  into  salts,  which  is 
easily  effected  by  sprinkling  them  with  acetic  acid  and  spirit,  the  seven  letters  should 
be  visible  in  the  seven  colours  of  the  rainbow — violet,  indigo,  blue,  green,  yellow, 
orange,  and  red. 

I  will  now  throw  a  beam  from  the  electric  lamp  upon  the  specimens  of  silk  on 
the  screen,  and  it  will  be  observed  how  much  their  brilliancy  is  increased  under  the 
influence  of  that  pure  and  beautiful  light.  I  am  indebted  to  my  kind  friends,  Messrs. 
Simpson,  Maule,  and  Nicholson,  for  the  various  splendid  specimens  of  dye  and 
other  aniline  products,  and  to  Messrs.  Hands,  Son,  and  Co.,  Coventry,  the  eminent  silk 
dyers,  for  the  array  of  silks  so  kindly  furnished  me  for  the  illustration  of  my  discourse. 


MANCHESTER    ASSOCIATION    FOR    THE    PREVENTION   OF   BOILER 
EXPLOSIONS. 


CHIEF    ENGINEER'S    MONTHLY   REPORT— JUNE,    18G5. 

The  last  ordinary  monthly  meeting  of  the  executive  committee  of  this  Association 
was  held  at  the  Offices,  41  Corporation  Street,  Manchester,  on  Tuesday,  July  4th, 
1865,  when  Mr.  L.  E.  Fletcher,  chief  engineer,  presented  his  report,  of  which  the 
following  is  an  abstract : — 

"  During  the  last  month  136  engines  have  been  examined,  and  273  boilers.  Of 
the  boiler  examinations  160  have  been  external,  15  internal,  and  98  thorough  or 
entire.  The  following  defects  and  omissions  have  been  found  in  the  boilers 
examined:  Furnaces  out  of  shape,  4;  fractures,  3;  blistered  plates,  8;  internal 
corrosion  5  ;  external  corrosion,  19  ;  internal  grooving,  5  ;  external  grooving,  2  ; 
feed  apparatus  out  of  order,  7  ;  water  gauges  ditto,  19  ;  blow-out  apparatus  ditto, 
6;  fusible  plugs  ditto,  5;  safety  valves  ditto,  15;  pressure  gauges  ditto.  11; 
boilers  without  glass  water  gauges,  3;  without  blow-out  apparatus,  7;  without 
feed  back-pressure  valves,  4. 

1. — "entire"  or  "thorough"  examinations. 
"  During   Whit  week,    when   many  of  the    works  have  been    stopped,   every 
endeavour  has  been  made  to  examine  internally  and  in  the  flues  all  the  boilers 
of  those  members  who  made  application.     This  has  been  done  in  every  case  with 
but  two  exceptions,  and  these  have  subsequently  been  arranged  for. 

"  EXPLOSIONS. 

"  Three  explosions  have  occurred  during  the  month,  from  which  two  lives  have 
been  lost  and  sixteen  persons  injured. 

"tabular  statement  of  explosions  from  may  27,  1865,  to 
June  23,  1865,  inclusive. 


Progres- 
sive No. 
for  1865. 
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May  30. 
June  1. 

June  6. 


OENEEiL    DESCRIPTION  OF  BOILER. 


Particulars  not  yet  fully  ascertained, 
Ordinary  Single- flue  or  Cornish.    In- 
ternally-fired,   

Locomotive, 

Total, 


Persons 
Killed. 


Persons 

Injured. 


16 
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"No.  27  explosion,  which  was  of  a  very  disastrous  character,  two  persons  being 
killed,  and  seven  others  injured,  occurred  at  a  brewery  on  June  1st,  to  a  boiler  not 
under  the  inspection  of  this  Association.  I  made  a  personal  investigation  a  day  or 
two  after  the  explosion  had  occurred,  and  found  that  it  arose  simply  from  collapse 
of  the  furnace  flue,  a  subject  to  which  this  Association  has  called  such  constant 
attention  in  its  reports. 

"  The  boiler  was  of  ordinary  Cornish  construction,  having  a  single  furnace  flue, 
internally-tired.  It  was  32  feet  long,  7  feet  in  diameter  in  the  shell,  and  4  feet 
in  the  internal  furnace  and  flue  tube,  which  was  -?s  of  an  inch  thick,  while  the 
safety  valves  were  loaded  to  a  pressure  of  501t>.  and  upwards. 

"The  flue  tube  collapsed  from  one  end  to  the  other,  rending  at  the  angle  iron 
at  the  back  end  of  the  shell,  as  well  as  at  some  of  the  other  ring  seams  of  rivets. 
The  boiler  was  moved  forward  away  from  the  chimney  for  several  feet,  and  the 
greater  part  of  its  setting  torn  down,  while  the  rush  of  water  from  the  furnace  end 
carried  away  a  considerable  portion  of  the  engine-house  wall,  and  scalded  the  work- 
men near  the  boiler. 

"The  explosion  was  attributed,  as  usual,  by  general  report,  to  shortness  of 
water,  but  examination  of  the  plates  showed  no  evidence  of  overheating.  There 
could  be  no  doubt  that  the  explosion  resulted  entirely  from  the  weakness  of  the 
flue,  which  was  insufficient  for  any  pressure  above  301t>.,  but  could  have  been  made 
perfectly  safe  at  601b.,  or  even  at  a  much  higher  pressure,  by  the  introduction  of 
flanged  seams,  or  encircling  hoops  of  "]~~n'on)  or  bridge  rail  section,  applied  at  the 
ring  seams  of  rivets.  There  are  also  other  means  for  strengthening  furnace  flues, 
such  as  water  pockets,  or  water  tubes,  &c;  but  since  these  strengthening  pockets 
or  water  tubes  cannot  extend  into  the  furnace,  it  is  well  to  supplement  them  at 
that  part  with  flanged  seams  or  T~u'on  hoops.  After  boilers  are  completed  and  set 
to  work,  the  furnace  tubes  can  readily  be  strengthened  with  angle-iron  hoops  made 
in  segments,  so  as  to  be  passed  into  the  boiler  through  the  manhole,  and  fixed  to 
the  tube  when  in  place.  Full  particulars  of  this  method  of  strengthening  furnace 
tubes  were  given  in  the  report  for  June,  1862,  and  a  considerable  number  of  boilers 
under  the  inspection  of  this  Association  have  been  strengthened  in  this  way. 

"  It  seems  difficult  to  understand  how  any  maker  could  have  constructed  a  boiler 
within  the  last  few  years  without  adopting  any  one  of  the  simple  means  to  provide 
against  collapse,  which  have  just  been  enumerated  above,  and  are  now  so  generally 
known.  The  explosion  clearly  shows  the  importance  of  an  independent  system  of 
periodical  inspection  for  boilers,  of  even  first-class  firms,  where  they  suppose  them- 
selves to  be  perfectly  free  from  danger;  and  had  the  boiler  in  question  been  under 
the  charge  of  this  Association,  not  a  day  would  have  been  lost  in  apprising  its 
owners  of  the  dangerous  position  they  were  in. 

"The  jury  found  that  the  deceased  met  with  their  deaths  from  the  accidental 
bursting  of  the  boiler,  adding  that  they  considered  that  the  furnace  flue  had  not 
been  of  sufficient  strength  for  the  pressure. 

"Particulars,  for  which  there  is  not  room  in  the  present  report,  have  been 
obtained  of  other  three  explosions,  which  resulted  from  the  collapse  of  furnace  flues, 
and  all  of  which  might  have  been  prevented  had  the  flues  been  strengthened  as 
recommended  by  this  Association.  By  these  three  explosions  eight  persons  were 
killed  and  eleven  others  injured." 
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ON  FACTORY  CHIMNEYS.    By  Mb.  Peter  Cahmichael. 
I  was  asked  some  time  ago  by  our  esteemed  president  to  write  a  short  paper  on 
chimneys,  which  I  agreed  to  in  the  hope  that  what  I  haye  to  say  on  the  subject  will 
proyoke  discussion,  and  lead  to  interchange  of  knowledge  that  may  be  of  some  use 
in  forming  a  rule  for  guidance  in  building  a  factory  chimney. 


At  present  there  seems  to  be  no  rule,  but  eyery  builder  fashions  it  after  his  own 
fancy,  producing  the  variety  which  is  said  to  be  pleasing. 

There  is  a  valuable  paper  by  Mr.  Josiah  Parkes,  published  in  the  second  volume 
of  the  "  Transactions  of  Civil  Engineers,"  which  refers  to  some  carefully  made 
experiments  on  a  small  chimney.  With  this  exception,  I  do  not  know  of  any  pub- 
lished experiments,  going  very  fully  into  the  subject  of  chimneys. 

The  importance  of  an  effective  chimney  need  only  be  named.  On  it  depends  in 
a  great  measure  the  success  of  the  firing,  so  as  to  raise  steam  quickly,  and  keep  it  up 
steadily,  and  also  the  perfect  combustion  of  the  fuel  with  the  least  amount  of  smoke. 
With  a  draught  in  the  chimney  less  than  -^ths  on  the  pressure  gauge,  the  firing 
of  the  furnaces  will  in  most  cases  be  a  constant  toil  to  the  fireman.  He  cannot 
avoid  making  a  large  quantity  of  black  smoke,  and  in  cases  of  an  extra  demand  for 
steam,  it  is  impossible  to  meet  it ;  for  no  stirring  or  coaxing  of  a  fire  will  make  it 
burn  brightly,  or  produce  the  red  glow,  which  is  the  perfect  condition  for  raising 
steam,  without  a  full  command  of  draught. 

It  is  difficult  to  make  experiments,  but  it  would  be 

A  very  instructive  to  have  a  number  of  observations  or 

ci  /  \  tests  of  various  chimneys,  to  ascertain  the  temperature 

/  .  ,,\  of  the  escaping  products,  and  the  force  of  the  draught. 

—  Tz£-^\  Giving  along  with  these  the  dimensions  of  the  chimney, 

and  the  work  done,  that  is,  the  number  of  boilers  and 

furnaces,  and  the  coals  consumed  in  a  given  time. 

In  what  follows  notice  will   be  taken  of  all  these 
points  in  detail. 

My    experience    is,    that    most    factory   chimneys 
are  too  large  lor  the  work  they  have  to  do  ;  not  too 
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Fig.  6 — Elevation  No.  2. 


Fig. 
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9 — Section  No.  3. 


Fig.  2 — Section  No.  1. 

high  (they  can  hardly  be  that"),  bnt  too  wide,  especially  at  the  top.  In  our 
practice,  invariably  as  more  boilers  and  furnaces  have  been  added  in  a  chimney 
the  draught  has  been  improved;  and  it  is  obvious,  that  if  the  opening  to  the 
chimney  be  too  large,  compared  with  the  whole  of  the  openings  in  the^dampers 
passing  into  it,  the  draught  will  be  reduced.  Hence  it  is  very  noticeable  in  many 
chimneys,  which  are  large  in  proportion  to  the  number  of  furnaces  they  serve,  or  the 
coals  consumed,  or  where  a  new  chimney  is  put  np  to  serve  for  prospective  additional 
furnaces,  the  smoke  issuing  from  such  has  a  very  lazy  ascent,  and  they  are  generalh- 
blackened  a  long  way  down  from  the  top  by  the  smoke ;  for  when  a  breeze  is 
blowing,  the  smoke,  instead  of  ascending,  falls  down  the  leeward  side  of  the  chimney, 
ht.A  clings  to  it  like  a  ragged  black  flag. 

1   hire  recorded  observations  made  from  time  to  time  for  several  years  on  the 


temperature  of  the  escaping  products  of  combustion  in  the  flues  and  at  the  bottom 
of  the  chimneys,  and  have  also  taken  notes  of  the  force  of  the  draught,  both  of 
which  are  important  elements  in  considering  the  value  of  a  chimney  for  doing  its 
work  properly. 

The  temperature  is  obtained  by  using  small  strips  of  the  following  metals : — 
Zinc,  which  melts  at  700°  ;  lead,  600°  ;  bismuth,  500°;  and  tin,  440°.  Small 
bits  of  each  of  these,  about  1  inch  long  and  4;  inch  broad,  are  pierced  with  a  hole 
for  passing  a  wire  through,  and  suspended  in  the  fines  behind  the  damper,  or  at  the 
bottom  of  the  chimney,  and  the  time  noted  when  they  are  melted.  From  these 
observations  frequently  repeated,  and  tried  under  various  circumstances,  it  has  been 
found  that  the  temperature  is  nearly  uniform  at  600°  behind  the  dampers;  440° 
melts  at  once,  500°  generally  in  less  than  a  minute,  000°  melts  when  the  fires  are 
in  good  condition,  and  700 u  does  not.  melt.  So  unvarying  are  these  results  under 
different  circumstances  that  I  assume  600°  at  the  bottom  of  our  chimnevs  as  a 
standard  of  temperature  of  escaping  products.  This  seems  a  great  loss  "of  heat 
with  a  steam  pressure  on  boilers  of  35  pounds. 

For  testing  the  force  of  draught  the  ordinary  "  water  gauge  "  is  nscd,  but  on  an 
enlarged  scale,  so  as  to  insure  as  much  accuracy  as  possible.     The  mode  of  arrange- 


156 


THE  PRACTICAL  MECHANIC'S  JOURNAL. 


August  1,  1865. 


ment  will  be  seen  without  much  explanation,  by  reference  to  the  drawings  of  the 
instrument.     Figs.  10  and  11. 

The  reservoir  is  a  tin  flagon,  5  inches  by  4  inches.  The  glass  indicator  tube  is 
£-inch  bore,  being  a  bit  of  a  boiler  water  gauge,  and  the  scale  adopted  is  an  inch 
divided  into  tenths. 


Fig.  10. 


Fig.  11. 


Dra 


Apiece  of  pipe  is  inserted  in  the  chimney,  having  a  stop-cock  and  an  end  turned 
up,  and  made  for  the  draught  gauge  fitting  into.  The  small  hole  in  the  stop-cock, 
as  shown  in  the  section,  is  fur  allowing  air  to  get  in,  so  as  to  nicely  adjust  the  scale 
to  the  level  of  the  water.  When  the  stop-cock  is  turned  to  open  communication 
between  the  draught  and  glass  tube,  the  height  is  readily  read  off  by  a  practised 
eye  in  decimals. 

The  accompanying  drawings  represent  three 
chimneys  at  Dens  Works,  Dundee,  differing  in  size, 
but  of  nearly  the  same  general  proportions.  They 
are  represented  in  elevation  and  section,  and  of  No. 
1  (the  largest)  there  are  shown  plans  of  top  (fig.  4), 
and  bottom  (fig.  5),  and  a  section  showing  the  con- 
struction of  the  tapertop  (fig.  3).  There  is  no  claim 
made  to  originality  in  their  shape,  as  previous  to 
the  erection  of  No.  2  chimney  in  1844  there  were 
several  throughout  the  country,  particularly  a  very 
handsome  obelisk,  built  with  stone,  at  the  works  of 
Messrs.  Marshall  &  Co.,  the  eminent  flax-spinners 
at  Leeds. 


Fig.  5 — Plan  of  Base  No.  1. 


Fig.  4 — Plan  of  top  No.  1. 


The  tuper-top  is  found  to  answer  the  purpose  well,  the  smoke  ascending  from  it 
very  freely,  especially  when  there  is  a  breeze  of  wind.  At  such  times  the  ordinary 
top  is  acted  on  like  a  key  when  blown  into  to  make  it  whistle,  the  blasts  of  wind 
affecting  very  perceptibly  the  draught  of  the  furnaces. 

In  the  taper-top  this  is  not  much  felt,  as  the  wind  can  only  blow  into  one  or  two 
of  the  four  compartments  at  a  time,  and  this  still  allows  the  other  two  to  vent  freely. 

No.  1  was  built  in  1854,  to  replace  an  old  low  chimney.  It  is  situated  on  the 
top  of  a  brae,  above  the  boilers  and  furnaces  which  it  supplies.  It  is  1G2  feet  from 
base  to  top,  and  from  the  firing  level  of  the  first  fifteen  boilers  to  base  of  chimnry 


there  is  a  rise  of  63  feet.  At  a  lower  level  there  are  other  four  boilers  86  feet 
below  the  base  of  chimney,  so  that  the  total  height  of  the  fifteen  boilers  from  firing 
level  to  top  of  chimney  is  225  feet,  and  of  lower  four  boilers  248  feet. 

From  both  of  these  ranges  of  boilers  the  smoke  is  conveyed  to  the  chimney  by  a 
long  sloping  brick  flue  or  tunnel,  mostly  underground. 

As  the  drawings  are  to  scale,  it  is  not  necessary  to  go  into  details  on  them. 
Suffice  it  to  say,  that  the  opening  at  base  of  No.  1  is  9£  feet  square,  at  top  6  feet 
square;  but  the  opening  at  top  is  still  further  contracted  by  the  cross  walls  for 
carrying  the  taper  point. 

The  area  at  bottom  is,  therefore, 90*25  square  feet. 

"         top  "  36  " 

Contracted  at  outlet  to 25  " 

For  further  data  it  may  be  stated  that  the  nineteen  boilers,  each  with  two  fur- 
naces, the  flues  of  which  pass  into  this  chimney,  have  an  area  for  each  boiler, 

At  bottom  of  chimney, 4*75  square  feet. 

At  outlet  of  chimney, 1*31  ** 

The  consumption  of  coal  for  each  boiler  is  about  11  tons  per  week,  the  average 
consumption  being  about  210  tons  of  coal  consumed  for  60  hours'  work  of  engines, 
all  told,  from  getting  up  steam  on  Monday  morning  till  Saturday,  about  3£  tuns 
consumed  per  hour. 

These  statements  are  given  for  the  purpose  of  showing  the  actual  duty  doue  by 
this  chimney,  and  for  comparison. 

The  draught  of  this  chimney  has  been  tested  over  the  period  of  a  year  or  two, 
there  being  ninety  observations  recorded  in  all.     At  the  bottom  of  chimney, 

The  highest  recorded  is "88 

The  average       "  *8 

The  lowest         '*  'b5 

In  taking  the  observations  the  height  of  barometer  was  noted,  and  the  direction 
of  the  wind.  The  changes  of  the  barometer  do  not  show  much  effect  on  the  forcrc 
of  draught,  it  seems  most  affected  by  the  wind,  being  lowest  in  a  south  or  south- 
west wind. 

The  chimney  No.  2,  built  in  1844,  to  replace  an  old  one  that  stood  in  the  way  of 
extension,  is  1 35  feet  high  from  base  to  point.  The  opening  at  base  is  7  feet  square, 
and  at  top  4£  feet  square,  the  outlet  at  top  being  further  contracted  by  cross  walls, 
so  that 

The  area  at  bottom  is 49  square  feet. 

"         top  18-06       " 

Contracted  at  outlet  to 1378       " 

There  are  seven  boilers,  each  with  two  furnaces,  the  flues  of  which  pass  into  this 
chimney,  the  furnaces  being  about  the  level  of  the  base  of  the  chimney,  giving  an 
area  for  each  boiler, 

At  bottom  of  chimney, 7  square  feet. 

At  outlet  "         1*96       " 

The  consumption  of  coal  is  nearly  the  same  for  each  boiler  as  formerly  named, 
say  11  tons  per  week,  or  about  an  average  of  75  tons  for  60  hours'  work,  all  told, 
from  getting  up  steam  on  Monday  morning  till  stopping  on  Saturday. 

The  draught  of  this  chimney  has  been  tested  as  regularly  as  the  large  one,  and 
there  are  ninety-four  observations  recorded  in  alL 

The  highest  recorded  is '875 

The  average  "       '75 

The  lowest  "       "6 

The  chimney  No.  3,  built  in  1864,  was  made  as  small  and  light  as  possible,  being 
intended  to  supply  only  a  few  boilers.  It  is  102 "8  feet  high  from  base  to  point, 
the  opening  at  base  is  4*25  feet  square,  at  top  1*5  feet  square,  the  outlet  at  top 
being  further  contracted  by  cross  walls,  so  that 

The  area  at  bottom  is 18*06  square  feet. 

"         top       " 2-25 

"         outlet" 1*75  " 

There  is  only  one  boiler  as  yet  connected  to  this  chimney,  the  furnaces  being  at 
the  level  of  the  base,  giving  an  area  for  the  one  boiler, 

At  bottom  of  chimney, 18*06  square  feet. 

At  outlet  "         1'75  u 

The  consumption  of  coal  for  this  boiler  is  about  ten  tons  per  week,  varying  with 
the  work  done. 

The  draught  of  this  chimney  has  never  been  so  good  as  the  others;  there  have 
been  thirty-one  observations  recorded. 

The  highest  is *537 

The  average  is "5 

The  lowest  is *45 

In  building  this  chimney,  a  few  holes  were  left  in  each  side  of  the  square  near 
the  top,  like  pigeon-holes,  but  sloping  acutely  upwards  (see  drawing),  in  the  hope 
that  the  wind  blowing  into  these,  the  current  being  thus  directed  upwards,  they 
would  assist  the  rising  of  the  smoke.  Hitherto  they  do  not  seem  to  effect  the  pur- 
pose desired,  but  rather  have  a  bad  effect,  the  smoke  issuing  from  them  blackening 
the  top  of  the  chimney  a  greater  distance  down  than  the  others. 

In  drawing  comparisons  between  these  three  chimneys,  a  table  might  be  made  to 
show  more  clearly  the  distinctive  differences ;  but  the  number  being  so  few,  it  is 
hardly  worth  while  to  elaborate  the  inquiry.  At  the  same  time,  perhaps  enough 
has  been  given  to  indicate  something  near  the  size  that  a  chimney  should  be  for 
the  work  it  is  intended  to  do. 

In  the  large  chimney  (No.  1)  the  quantity  of  work  done  is  an  extreme  case;  and 
our  experience  of  it  has  been  that  it  has  become  more  efficient  as  boiler  after  boiler 
has  been  put  to  it. 

On  the  other  extreme,  the  No.  3  chimney,  serving  only  one  boiler,  although  made 
very  small  for  its  height,  has  a  very  weak  draught,  and  is  evidently  too  large  for 
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the  work  it  Las  to  do,      If  additional  boilers  are  required  to  be  added,  there  is  no 
doubt  but  it  will  improve,  and  be  better  fitted  for  its  work. 

There  was  a  violent  storm  of  wind  at  Dundee  on  Saturday  the  13th  February, 
1864,  which  is  taken  notice  of  here  because  it  gave  an  opportunity  of  making  some 
observations  on  the  chimneys.  At  the  height  of  the  gale,  which  fortunately  was 
between  two  and  three  o'clock  in  the  afternoon,  when  most  of  the  work  people  had 
gone  home,  the  tops  of  both  the  chimneys,  No.  1  and  2,  were  blown  down  at  the 
same  instant,  making  almost  a  simultaneous  crash  in  falling,  all  the  taper  top  being 
carried  away  in  both  cases  without  injur}'  to  the  square  shafts  of  the  chimneys. 

The  gale  was  more  violent  than  had  been  experienced  for  at  least  twenty  years, 
as  was  evident  from  its  blowing  down  the  top  of  No.  2,  which  had  stood  since  1844, 
and  also  by  the  destruction  to  other  chimneys  and  buildings  in  the  district.  Being 
present  at  the  time,  I  was  anxious  to  see  how  the  chimneys  behaved  in  such  a 
violent  storm,  and  this  was  seen  to  some  extent  by  looking  at  No.  1  in  line  with  the 
corner  of  a  high  mill,  keeping  the  head  steady.  The  movement  was  plainly  visible; 
not  a  swaying  motion  like  a  tree  bent  by  a  blast,  and  recovering  itself  during  the 
lull;  but  a  steady  rocking  motion  like  the  swing  of  a  pendulum.  The  oscillation 
did  not  appear  to  exceed  12  inches,  and  the  observations  gave  a  feeling  of  security 
as  to  the  stability  of  the  chimney. 

The  tops  of  these  chimneys  were  not  rebuilt  for  some  months,  having  to  wait 
until  the  tires  were  out  for  a  few  days  at  the  annual  holidays.  In  rebuilding,  the 
bricks  were  made  to  models  in  much  heavier  pieces  than  before,  and  dovetailed 
together  as  shown  in  the  plan. 

While  the  tops  were  off  there  was  not  much  difference  in  the  draught,  the  cross 
walls  at  top  not  being  injured ;  but  there  was  more  dark  smoke  than  before  or  after, 
and  it  did  not  rise  so  freely,  but  in  a  breeze  of  wind  fell  down  the  leeward  side,  and 
clung  more  to  the  chimney. 

"When  the  tackle  was  up  for  getting  to  the  top  of  No.  2  chimney,  the  opportunity 
was  taken  to  make  some  observations  on  the  heat  of  the  escaping  products,  and 
also  to  see  how  much  the  outlet  at  the  top  could  be  contracted  without  injuring  the 
draught. 

With  a  view  to  this,  the  draught  was  tested  for  several  days  with  the  water 
gauge,  and  it  showed  fully  "8,  and  at  the  same  times  the  heat  of  flues  was  tested; 
at  bottom  of  chimney  500  melted  in  one  minute,  600°  melted  in  longer  or  shorter 
time,  depending  on  the  state  of  the  fires. 

Expecting  that  the  temperature  would  be  much  lower  at  the  top  of  the  chimney, 
the  operator  was  supplied  with  the  alloys  melting  at  212°,  286°,  and  367°. 
These  melted  very  quickly.  Then  440°  and  500°  were  tried;  when  both  melted 
in  a  little  more  than  two  minutes,  600°  would  not  melt:  thus  showing  the 
temperature  of  the  escaping  products  at  the  top  of  the  chimney  to  be  between  500° 
and  600 -. 

A  sheet  of  iron  was  then  put  on  the  top  of  the  chimney  contracting  the  outlet 
2f  square  feet.  This  was  tried  for  two  days,  and  did  not  affect  seusibly  either  the 
draught  or  the  temperature. 

The  outlet  was  then  contracted  still  further  by  a  larger  sheet  covering  548 
square  feet.     This  had  a  perceptible  effect  on  the  draught. 

The  experiments  were  not  carried  farther,  there  being  considerable  difficulty  and 
some  danger  in  following  them  up.  By  contracting  the  outlet  with  a  proper  taper, 
instead  of  merely  laying  on  a  flat  plate,  the  contraction  might  have  been  carried 
still  farther. 

The  greatest  want  of  draught  is  occasionally  on  Monday  mornings,  after  a  cold 
wet  Sunday.  In  such  cases  the  flues  and  chimney  are  cooled  down,  and  the 
draught  greatly  reduced,  so  that  the  firemen  have  much  difficulty  in  getting  the 
fires  to  burn  brightly,  and  keep  up  the  supply  of  steam. 

Sometimes,  in  the  setting  of  the  boilers,  and  even  in  the  chimneys,  there  are 
open  joints  which  admit  cold  air,  and  are  very  injurious  to  the  draught,  and  the 
openings  for  dampers  working  in  are  often  very  wide,  and  admit  more  cold  air  than 
need  be.  The  draught  gauge  is  very  useful  in  detecting  any  falling  off  from  such 
causes,  and  in  the  hands  of  the  skilful  engineer  should  in  some  small  degree  be  like 
the  steam-engine  indicator. 

The  importance  of  the  chimney  and  of  the  draught  may  seem  to  have  been  too 
much  made  of  in  this  pnper,  and  certainly  it  is  quite  possible  to  pass  too  much  air 
through  a  furnace,  and  so  lower  the  temperature  as  to  evaporate  less  water  from 
the  same  amount  of  coal.  But  the  error  is  rarely  on  this  side,  and,  if  so,  it  can  be 
easily  cured  by  lessening  the  opening  at  the  flame  wall,  or  it  might  be  said  by 
partially  closing  the  damper;  but  there  is  a  great  difference  in  the  economy  of  the 
two  things,  as  we  have  found  by  repeated  experiments.  With  an  open  throat  at 
the  flame  wall  a  good  draught  may  be  got  and  plenty  of  coals  consumed,  but  the 
evaporation  of  water  is  woefully  deficient,  and  closing  the  dampers  does  not  remedy 
this.  It  seems,  that  with  a  narrow  opening  at  the  flame  wall,  just  sufficient  to  do 
the  work,  the  greatest  amount  of  heat  or  the  highest  temperature  is  got  in  the  fur- 
nace, and  the  gases  passing  over  the  narrow  throat  are  more  perfectly  consumed 
and  utilized.     This  is  a  nice  point,  although  frequently  it  is  not  attended  to. 

It  needs  only  to  look  at  the  top  of  many  chimneys  to  see  that  they  are  not  doing 
their  work  well,  and  that  such  a  feeble  draught  can  never  make  an  efficient  and 
economical  fire,  or  consume  the  offensive  black  smoke,  which  a  little  more  air  or  a 
sharper  draught  would  have  converted  into  brilliant  flame  in  the  furnace. 

In  thus  "imperfectly  bringing  the  subject  before  the  Institution,  my  hope  is  that 
it  may  lead  to  more  extended  observations,  and  the  result  be  a  more  perfect  and 
economical  consumption  of  coal,  and  a  lessening  of  the  nuisance  of  smoke. 


Professor  Macquorn  Rankine  said  there  could  lie  very  little  doubt  as  to  the 
efficiency  of  the  pyramidal  erection  on  the  top  to  prevent  the  wind  blowing  down. 
Another  matter  mentioned  in  the  paper  was  with  reference  to  the  position  of  a 
damper  or  valve,  in  order  to  reduce  the  draught  and  the  consumption  of  fuel. 
There  were  two  places  where  such  a  damper  might  be  placed  with  advantage.  If 
it  were  to  be  placed  where  it  would  cause  the  least  wasteful  action— where  itTwould 
regulate  the  flow  of  air,  and  at  the  same  time  preserve  as  far  as  possible  a  high 
temperature  in  the  furnace,  then  the  right  place  for  such  a  valve  was  at  the  top°of 
a  chimney,  as  was  usual  in  forge  furnaces.     By  that  means  there  was  the  least 


possible  waste  of  the  energy  of  the  draught,  and  the  greatest  economy  of  fuel  A 
damper  might  also  be  placed  advantageously  somewhere  about  the  bridge ;  although 
not  so  good  a  position  for  giving  a  moderated  draught  with  the  greatest  economy 
as  at  the  top  of  the  chimney,  still  it  promoted  the  dispersion  of  the  flame,  and 
brought  it  better  into  contact  with  the  heating  surface  of  the  boiler  than  when  the 
damper  was  in  any  other  position.  There  was  a  position  in  which  a  valve  was  less 
advantageously  placed  than  in  either  of  the  two  positions  described,  and  that  was 
at  any  point  in  the  flues  or  chimney  after  the  flame  had  quitted  the  boiler,  and 
before  it  had  reached  the  top  of  the  chimney.  He  thought  that  what  he  had  stated 
would  be  found  to  agree  with  the  facts  brought  out  in  Mr.  Carmichael's  paper;  but 
he  (Dr.  Rankine)  did  not  pretend  to  have  a  very  accurate  remembrance  of  the 
statements  in  the  paper,  not  having  yet  had  sufficient  time  to  study  it. 

The  Secretary  read  the  following  additional  information  which  had  been  received 
from  Mr.  Carmichael  in  answer  to  inquiries  by  the  President  :— 

I  am  satisfied  that  the  contraction  at  the  bridge  is  more  economical  from  the 
shutting  of  the  damper. 

For  twelve  months  past  we  have  had  two  ranges  of  boilers,  one  of  four  and  the 
other  of  seven  in  the  range,  supplied  with  water  from  meters,  coals  and  water  being 
recorded  weekly:  this  enables  us  to  form  a  very  correct  idea  of  economy. 

The  area  of  opening  at  the  fire  bridge  for  all  these  boilers  is  123  square  inches. 
Each  boiler  has  two  furnaces.  The  range  of  four  boilers  consumes  about  45  tons 
of  coal  per  week  of  60  hours1  work,  or  15  cwt.  per  hour:— 

fa,  . ,  0        984  sq.  inches  total  opening        ,.-•/■,  i 

116  X  o  — - —  Go  sq.  ins.  for  1  cwt.  per  hour. 

15  cwt.  consumed  per  hour 

The  range  of  seven  boilers  consumes  about  75  tons  of  coal  per  week  of  60  hours' 
work,  or  25  cwt.  per  hour: — 

to„  .,  -,  ,  1722  sq.  inches  total  opening  _        .       „     .,  , 

123  X^= ; ~ —  —  68  sq.  ins.  for  1  cwt.  per  hour. 

2o  cwt.  consumed  per  hour 

I  do  not  apprehend  your  remarks  about  the  draught  gauge  being  affected  by  the 
state  of  the  wind,  and  the  adjoining  buildings.  Our  boilers  are  all  open  to  the 
front:  some  of  them  face  east,  some  west,  and  one  south.  The  gauge  itself  has  no 
communication  with  the  outer  air  that  could  be  affected  by  the  wind. 

The  wind  blowing  direct  into  the  ash-pit  has  some  effect  on  the  draught.  In  the 
90  or  94  observations  made,  the  state  of  the  wind,  state  of  barometer,  and  note  if  wet 
or  fair,  quiet  or  stormy,  are  recorded;  and,  as  stated,  these  do  not  affect  the  draught 
much  in  our  chimneys,  although  there  is  considerable  fluctuation  in  high  winds. 

The  worst  state  of  the  fires  is  during  south  or  south-west  stormy  winds,  and  the 
bad  effect  is  felt  all  over  the  various  furnaces.  I  have  formed  the  opinion  that  these 
are  the  arid  winds  known  in  Southern  Europe  as  "  sirocco,"  which  have  passed  over 
the  desert  of  Africa,  and  are  in  some  way  less  fitted  for  supporting  combustion. 

We  have  two  furnaces  in  each  boiler;  each  furnace  is  2  feet  9  inches  wide,  and 
has  two  lengths  of  bars,  each  3J  feet  long. 

3£  X  2  =  7  ft.  X  2'  9"  wide  =  19-25 


3S'50  ft.  area  of  fire  grate. 
Average  consumption,  11  tons  in  60  hours: — 
11  tons  =  24640  lb 


60  X  38-5 


106  lb  per  square  foot  per  hour. 


This  makes  the  furnace  8  feet  long  from  door  to  flame  wall.  In  working  such  a 
length  it  is  difficult  to  keep  the  bars  uniformly  covered,  so  that  there  may  be  no 
blowers,  allowing  air  to  pass  through  without  mixing  properly  with  the  fuel.  We 
avoid  this  evil  to  some  extent  by  the  arrangement  of  the  furnace  bars,  which  have 
very  much  narrower  air  spaces  at  the  back  than  the  front.  We  have  also  found 
that  the  coals  burn  away  quickest  at  the  sides  of  the  furnace,  or  they  shrink  awav 
from  contact  with  the  boiler  at  the  sides,  leaving  room  for  air  getting  through  too 
easily.  To  obviate  this,  the  bars  at  the  sides  are  made  thicker,  and  fitted  pretty 
close  to  the  sides  of  the  flues;  in  short,  in  following  up  these  refinements  we  have 
arrived  at  a  system  of  having  two  sizes  of  bars  in  the  back  row,  and  three  sizes  in 
the  front  row,  the  widest  air  spaces  being  five-eighths  of  an  inch  wide.  As  we  burn 
small  coal,  a  few  cinders  will  fall  through  the  wide  air  spaces  in  front  bars ;  but 
these  are  drawn  out  and  thrown  on  the  fire  at  the  next  charge:  and  we  think  this 
a  much  smaller  evil  than  having  the  fires  starved  for  want  of  air. 

I  find  from  my  notes  that,  after  many  trials,  we  altered  all  our  furnaces  as  above 
indicated,  the  last  being  done  in  June,  1863.  The  result  gives  much  greater  ease 
to  the  firemen.  They  work  by  the  clock,  each  furnace  being  fired  about  every  forty 
minutes,  a  good  heavy  charge  being  thrown  in  each  time  of  firing ;  but  this  is  all, 
for  the  fires  are  never  stirred  all  day  long,  nor  pushed  back:  in  fact,  the  men  get 
so  well  up  to  the  management  of  the  fires  that  the  skilful  pitching  in  of  the  coals 
is  all  the  work  they  have  to  do,  except  the  cleaning  out  at  night. 

The  President  stated  that  it  did  not  necessarily  follow,  if  the  draught  of  chimneys 
was  less  in  stormy  than  in  fine  weather,  that  it  must  be  caused  by  the  action  of  the 
wind  on  the  chimney  top.  He  believed  it  was  chiefly  caused  by  its  action  on  the 
fire  doors,  ash-pit  mouths,  or  the  doors  of  the  houses  in  which  boilers  happen  to  be 
placed.  When  these  openings  are  to  the  leeward  side  of  buildings,  the  draught  will 
generally  be  less ;  when  to  the  windward  side,  greater.  The  pressure  gauge  used  by 
Mr.  Carmichael  must,  from  the  same  cause,  be  subject  to  variation  of  its  indications — 
variations  altogether  independent  of  the  chimney,  its  internal  temperature,  area,  or 
height.  Until,  therefore,  this  effect  of  the  wind  on  the  gauge  can  by  some  means 
be  allowed  for,  he  considered  Mr.  Carmichael's  deductions,  if  based  on  its  indications 
alone,  as  uncertain.  Its  adjustments  are  too  imperfectly  known  to  give  confidence 
in  its  use  for  testing  so  delicate  a  point,  as  the  efficiency  of  the  crosses  which  most 
of  the  tops  of  his  chimneys,  and  of  many  others  in  Dundee,  have. 

If  he  understood  Mr.  Carmichael  aright,  as  to  the  size  of  chimneys,  he  differs 
from  most,  if  not  all  writers  on  the  subject,  from  Peclet,  Morin,  Rankine,  Grouvelle, 
and  Jaunez,  &c,  and  from  the  general  practice  of  marine  engineers  and  others,  by 
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all  of  whom  area  is  considered  to  be  of  far  more  importance  than  height.  But 
Mr.  Carmichael's  well  known  skill  and  experience,  and  the  opportunities  he  has  had 
and  still  has  of  testing  his  opinions  on  so  large  a  number  of  boilers,  and  on  chim- 
neys of  so  varied  dimensions,  entitle  his  views  to  every  consideration. 

So  far  as  he  was  aware,  Mr.  Carmichael  is  the  first  to  suggest  that  the  sirocco 
winds  have  an  effect  on  the  combustion  of  fuel. 

He  had  very  little  experience  as  to  the  nice  point  referred  to  by  Sir.  Carmichael, 
at  the  flame  wall  of  the  furnace,  viz.,  the  difference  of  the  efficiency  of  the  fuel 
consumed  when  the  rate  of  combustion  was  regulated  by  a  damper  or  valve  at  the 
end  of  the  boiler,  or  by  a  suitable  area  into  the  flue  at  the  flame  wall  or  end  of 
furnace.  Mr.  Carmiehaers  boilers  have  an  area  over  this  flame  wall  of  0*58  square 
inches  per  pound  of  coal  consumed  per  hour,  for  a  chimney  225  feet  high.  His 
steamer,  the  Lancejteld,  had  been  working  with  an  opening  over  the  flame  wall  into 
the  flue  of  0'88  square  inches  per  pound  of  coal  consumed  per  hour,  for  a  chimney 
about  40  feet  in  height  above  fire,  and  at  about  the  same  temperature,  600°, 
in  the  chimney. 

Mr-  Alex.  Smith  said  that  the  general  opinion  had  hitherto  been  in  favour  of 
chimneys  having  a  large  transverse  section,  and  not  very  high.  Still,  he  was  much 
pleased  with  the  great  care  that  Mr.  Carmichael  had  displayed  in  working  out  the 
experiments,  the  results  of  which  he  had  given  in  the  paper.  He  highly  approved 
of  such  experiments,  and  valued  them  more  than  personal  opinion;  and  if  he  had 
had  time,  he  would  have  made  experiments  on  a  chimney  which  was  quite  the 
opposite  of  those  Mr,  Carmichael  experimented  upon.  This  was  a  subject  that  was 
well  worthy  of  consideration;  and  he  believed  that  the  paper  which  had  been  read 
would  be  the  means  of  attracting  the  attention  of  the  members  of  the  Institution 
who  might  be  disposed  to  prosecute  the  matter  a  little  further,  and  bring  the  results 
of  their  experiments  before  the  Institution  at  a  future  time.  He  had  some  doubts 
as  to  the  soundness  of  Mr.  Carmichael's  theory;  for,  if  his  theory  were  founded  on 
fact,  they  could  not  expect  steamboat  furnaces  to  operate  as  they  did,  where  there 
was  a  low  chimney  and  considerable  area  in  proportion  to  the  area  of  grate  space ; 
as,  according  to  Mr.  Carmichael,  that  would  decrease  the  draught  very  much.  He 
hoped  that  some  of  the  members  would  follow  up  the  paper  with  other  experiments. 

Mr.  Bruce  Bell  agreed  with  Mr.  Smith  in  his  remarks  as  to  area.  It  had  always 
been  his  practice,  instead  of  contracting  chimneys  at  the  top,  to  increase  the  area  as 
much  as  possible.  The  action  is  similar  in  a  chimney  to  that  in  the  water  hose  of  a 
fire-engine ;  if  the  nozzle  were  contracted  the  water  would  be  discharged  with  greater 
vigour,  and  shoot  out  to  a  greater  distance,  whereas,  were  the  nozzle  widened,  the 
water  would  flow  out  easily  and  in  greater  quantities  without  so  much  expenditure 
of  power.  He  thought  that,  as  regarded  the  position  of  the  damper,  if  it  were 
placed  on  the  top  of  the  chimney,  it  would  be  found  that  on  Monday  mornings  the 
steam  would  be  very  difficult  to  get  up;  whereas,  if  it  were  at  the  end  of  the  boiler, 
the  heat  would  be  locked  in,  and  the  flues  would  be  in  good  condition  for  draught 
when  the  damper  was  again  opened. 

Professor  Macquorn  Rankine  explained  that  he  meant  to  convey  the  idea  that 
for  certain  purposes  the  damper  was  best  when  placed  on  the  top  of  the  chimney; 
and  that  for  other  purposes,  such  as  steam  boilers,  at  or  near  the  bridge  was  the 
best  position. 

Mr.  J.  G.  Lawrie  remarked  that  land  chimneys  had  usually  been  made  large, 
with  reference  as  much  to  their  stability  as  to  the  relative  sectional  area  at  the  top 
and  bottom  necessary  for  the  furnaces  in  connection  with  them.  Experience,  how- 
ever, had  shown,  that  within  large  limits  an  increase  in  the  sectional  area  of  the 
flue  and  chimney  produced  an  increase  in  the  power  of  the  boiler.  The  members 
must  be  aware  that  during  the  last  ten  years  the  funnels  of  marine  boilers  had  been 
largely  increased,  and  the  power  of  the  boilers  had  been  correspondingly  increased. 
With  reference  to  the  damper,  the  best  position  no  doubt  depends  upon  the  purpose 
to  which  the  furnace  is  applied.  For  reverberatory  furnaces  the  top  of  the  chimney 
appears  to  be  the  most  judicious  position,  and  in  practice  that  had  been  found  to 
be  so.  The  temperature  of  the  products  of  combustion  in  the  flue  and  chimney  of 
such  furnaces  is  so  high  that  the  damper  at  the  top  of  the  chimney  is  necessary  to 
maintain  that  temperature  in  the  flue  and  chimney  which  is  of  important  advantage 
for  the  effective  and  economical  working  of  the  furnace.  But  in  furnaces  applied 
to  steam  boilers  the  matter  is  somewhat  different.  When  in  these  cases  the  damper 
is  placed  behind  the  furnace  in  any  part  of  the  flue,  and  when  it  is  shut  to  throttle 
the  draught,  at  the  spot  where  it  is  placed,  it  more  or  less  clogs  the  draught,  and 
is  apt  to  produce  a  deposit  of  soot  and  dust.  To  avoid  these  effects,  the  damper 
had  with  much  advantage  frequently,  and  indeed  commonly  in  marine  boilers  in 
England,  been  placed  in  the  ash-pit,  which  leaves  the  draught  uninterrupted,  and 
diminishes  the  production  of  steam  by  directly  diminishing  the  combustion  of  the 
fuel,  rather  than  by  indirectly  clogging  the  draught. 

Mr.  Brownlee  said  the  system  pursued  in  order  to  increase  the  draught  of  a 
chimney  had  always  been  to  enlarge  its  area:  and  hence  he  was  rather  astonished 
to  find  that  Mr.  Carmichael  had  found  it  was  always  better  to  decrease  his.  He 
hid  no  doubt,  however,  that  if  the  chimney  were  made  too  large  there  would  not  be 
sufficient  current  in  it,  and  the  smoke  would  ascend  with  a  slow,  sluggish  draught, 
which  might  bo  injured  by  descending  currents  from  the  top  of  the  chimney.  The 
heavier  air  would  fall  down  the  one  side,  and  a  number  of  eddies  would  be  formed 
in  consequence ;  and  therefore  he  thought  it  was  most  important  that  it  should  be 
discovered  what  was  the  best  area  for  a  given  consumption  of  fuel. 

Mr.  A.  Kennedy  said  it  seemed  to  him  that  if  closing  up  the  flame  bridge  was 
the  best  way,  it  amounted  in  a  great  measure  to  reducing  the  heating  surface  to 
that  exposed  to  direct  radiation  from  the  furnace.  It  might  possibly  diminish  the 
amount  of  fuel  consumed,  but  it  is  questionable  if  it  would  raise  as  much  steam. 
He  thought  that  Mr.  Carmichael's  complaint  about  the  difficulty  of  getting  up 
steam  on  Monday  morning  was  the  consequence  of  his  very  small  opening  at  the 
flame  bridge,  which  would  act  as  a  damper,  so  placed  that  it  would  shut  up  the 
heat  in  the  furnace  and  keep  it  hot ;  but  if  the  flues  and  all  about  them  were 
allowed  to  be  thoroughly  cooled  down,  there  would  considerable  t;me  elapse  before 
steam  could  be  got  up.  Mr.  Carmichael  made  the  remark  "that  with  an  open 
throat  a  less  quantity  of  water  was  evaporated  per  lb.  of  coal  consumed."  He 
would  scarcely  like  to  say  that  he  did  not  credit  that;  but  his  own  experience  had 
been  the  opposite. 


Note  by  Mr.  Carmichael,  16th  May,  18G5. — My  paper  does  not  refer  to  the  fun- 
nels of  steamers,  the  practice  with  which  may  necessarily  be  very  different.  The 
observations  were  made  and  recorded  without  regard  to  the  establishment  of  any 
theory;  the  end  aimed  at  being  to  obtain  the  greatest  economy  of  fuel,  and  the 
most  perfect  combustion. 

When  the  chimneys  Nos.  1  and  2  were  designed,  they  were  made  of  large  area 
for  the  work  they  were  expected  to  do;  but  as  more  boilers  were  added,  it  was 
found  that  the  efficiency  of  the  chimneys  increased.  For  instance,  No.  1  was  not 
intended  for  more  than  12  boilers;  it  is  now  serving  for  19.  No.  2  was  intended 
for  4  boilers ;  it  now  serves  for  7.  While  the  chimneys  had  only  a  few  boilers  to 
serve,  they  collected  soot  inside  to  a  considerable  extent,  and  occasionally  the  soot 
caught  fire,  and  burned  out  in  sparks  and  showers  of  smut.  They  are  now  free 
from  soot,  and  the  surface  of  the  bricks  perfectly  clean.  The  No.  3  chimney,  which 
has  only  one  boiler,  and  is  too  large  for  its  present  work,  lias  a  coating  of  soot 
inside  from  |  to  1^  inches  thick.  It  seems  that  when  the  chimney  is  too  wide  the 
heated  air  is  expanded  and  cooled  down,  so  as  to  have  a  sluggish  motion  favourable 
to  the  deposition  of  soot.  The  entire  doing  away  with  the  emission  of  sooty  parti- 
cles from  our  large  chimneys  is  an  important  advantage  to  the  neighbourhood. 

Professor  Rankine's  suggestion  of  a  damper  at  the  top  of  the  chimney  would  be 
advantageous  for  regulating  the  outlet,  and  would  prevent  the  down-draught,  which 
is  probably  one  of  the  defects  of  a  chimney  too  wide  for  the  work  it  has  to  do.  We 
use  the  ordinary  damper  between  the  boiler  and  the  chimney,  and  also  ash-pit  doors, 
that  can  be  used  as  dampers.  Both  of  these  are  shut  at  night,  so  as  to  retain  the 
heat  as  much  as  possible  in  the  flues. 

With  regard  to  the  contraction  of  the  opening  at  the  fire  bridge,  objected  to  by 
several  members, — this  was  adopted  after  careful  experiment,  and  adjusted  to  the 
quantity  of  coals  consumed,  and  the  force  of  the  draught,  so  as  to  give  the  greatest 
economy  of  fuel.  My  opinion  is,  that  the  narrow  throat  produces  a  higher  tempera- 
ture in  the  furnace,  and  the  gases  are  more  perfectly  mixed  and  consumed  while 
passing  through  the  narrow  opening.  At  such  a  high  temperature  certainly  we 
have  no  discharge  of  small  unconsumed  cinders  from  our  chimneys. 

The  difference  of  opinion  brought  out  in  the  course  of  the  discussion  shows  that 
there  is  a  necessity  for  further  experiments,  and  I  shall,  as  opportunity  occurs,  test 
some  of  the  points  suggested  by  the  members. 
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The  Council  of  the  Institution  of  Civil  Engineers  have   awarded  the  following 
Premiums : — 

1.  A  Telford  Medal,  and  a  Telford  Premium,  in  Books,  to  Joseph  William 
Bazalgette,  M.  Inst.  C.E.,  for  his  Paper  "  On  the  Metropolitan  System  of  Drainage, 
and  the  Interception  of  the  Sewage  from  the  River  Thames." 

2.  A  Telford  Medal,  and  a  Telford  Premium,  in  Books,  to  Callcott  Reilly, 
Assoc.  Inst.  C,E.,  for  his  Paper  "  On  Uniform  Stress  in  Girder  Work,  illustrated 
by  reference  to  two  bridges  recently  built." 

3.  A  Telford  Medal,  and  a  Telford  Premium,  in  Books,  to  Edward  Hele  Clark, 
for  his  "  Description  of  the  Great  Grimsby  (Royal)  Docks,  with  a  Detailed  Account 
of  the  Enclosed  Land,  Entrance  Locks,  Dock  Walls,"  &c. 

4.  A  Telford  Medal,  and  a  Telford  Premium,  in  Books,  to  Captain  Henry 
Whatley  Tyler,  R.E.,  Assoc.  Inst.  C.E.,  for  his  Paper  "On  the  Festiniog  Railway 
for  Passengers;  as  a  2-feet  gauge,  with  sharp  curves,  and  worked  by  Locomotive 
Engines." 

5.  A  Telford  Premium,  in  Books,  to  John  England,  M.  Inst.  C.E.,  for  his  Paper 
on  "  Giffard's  Injector." 

6.  A  Telford  Premium,  in  Books,  to  Thomas  Hawthorn,  for  his  "  Account  of  the 
Docks  and  Warehouses  at  Marseilles." 

7.  A  Telford  Premium,  in  Books,  to  Edward  Fletcher,  for  his  Paper  "On  the 
Maintenance  of  Railway  Rolling  Stock." 

8.  A  Telford  Premium,  in  Books,  to  Edward  Johnston,  M.  Inst.  C.E-,  for  his 
Paper  on  "The  Chey-Air  Bridge,  Madras  Railway." 

9.  A  Telford  Premium,  in  Books,  to  Godfrey  Oates  Mann,  M.  Inst.  C.E.,  for  his 
Paper  "  On  the  Decay  of  Materials  in  Tropical  Climates,  and  the  methods 
employed  for  arresting  and  preventing  it." 

10.  A  Telford  Premium,  in  Books,  to  William  Jerry  Walker  Heath,  Assoc.  Inst. 
C.E.,  for  his  Paper  "  On  the  Decay  of  Materials  in  Tropical  Climates,  and  the 
methods  employed  for  arresting  and  preventing  it." 

11.  A  Telford  Premium,  in  Books,  to  Joseph  Taylor,  Assoc.  Inst.  C.E.,  for 
his  Paper  on  "  The  River  Tees,  and  the  Works  upon  it  connected  with  the 
Navigation." 

12.  The  Manby  Premium,  in  Books,  to  Henry  Burdett  Hederstedt,  Assoc.  Inst. 
C.E.,  for  his  "  Account  of  the  Drainage  of  Paris." 


Notice. — It  has  frequently  occurred,  that  in  Papers  which  have  been  considered 
deserving  of  being  read  and  published,  and  have  even  had  Premiums  awarded 
to  them,  the  Authors  may  have  advanced  somewhat  doubtful  theories,  or  may  have 
arrived  at  conclusions  at  variance  with  received  opinions.  The  Council  would, 
therefore,  emphatically  repeat,  that  the  Institution  must  not,  as  a  body,  be  con- 
sidered responsible  for  the  facts  and  opinions  advanced  in  the  Papers,  or  in  the 
consequent  Discussions;  and  it  must  be  understood,  that  such  Papers  may  have 
Medals  and  Premiums  awarded  to  them  on  account  of  the  Science,  Talent,  or 
Industry  displayed  in  the  consideration  of  the  subject,  and  for  the  good  which  may 
be  expected  to  result  from  the  discussion  and  the  inquiry ;  but  that  such  notice,  or 
award,  must  not  be  considered  as  any  expression  of  opinion,  on  the  part  of  the 
Institution,  of  the  correctness  of  any  of  the  views  entertained  by  the  Authors  of 
the  Papers. 
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MONTHLY     NOTES. 


Consumption  of  Fuel  in  France. — In  a  paper  addressed  to  the  Academy 
of  Science,  M.  Becquerel  gives  some  curious  particulars  concerning  the  quantities  of 
fuel  consumed  in  France  at  various  periods,  both  for  domestic  and  manufacturing 
purposes,  taking  into  account  the  increase  of  population,  and  the  relative  quantities 
of  each  kind  of  fuel,  reducing  them  all  to  a  common  standard,  pure  carbon,  and 
thus  giving  the  co-efficients  by  which  a  certain  quantity  of  fuel  must  be  multiplied 
in  order  to  obtaiu  the  number  of  metrical  quintals  of  carbon  producing  the  same 
amount  of  heat  as  the  combustibles  in  question.  We  are  told  that  it  was  under  the 
Consular  period,  from  1801  to  1S04,  the  consumption  of  wood  was  the  most  con- 
siderable; it  fell  materially  under  the  Imperial  era,  rose  again  under  the  Restoration, 
and  declined  again  from  1826  to  1834.  The  fall  continued  until  1848,  to  such  an 
extent  as  to  cause  much  anxiety  to  landed  proprietors;  but  from  that  period  a  rise 
began,  and  has  been  continuing  ever  since.  The  consumption  of  charcoal  increases 
in  proportion  to  the  population,  because  the  poor  find  it  cheaper  than  sea  coal. 
Nevertheless,  the  consumption  of  the  latter  has  rapidly  increased.  The  events  of 
1830  and  1848  slackened  this  increase  for  awhile-  In  1821,  when  pit  coal  was  not 
vet  in  common  use  fur  domestic  purposes,  the  amount  of  wood  consumed  was  equi- 
valent to  2'16  quintals  of  pure  carbon.  This  quantity  has  been  constantly  dimin- 
ishing, so  that  in  1861  it  was  only  represented  by  an  equivalent  of  0"687  of  a  quintal 
of  pure  carbon,  the  difference  being  evidently  made  up  by  pit  coal.  Now,  if  by  any 
chance  the  production  of  the  latter  were  to  decline,  it  would  become  necessary  to  fetch 
wood  from  a  great  distance  in  order  to  satisfy  the  wants  of  the  capital,  and  its  price 
would  consequently  experience  a  rise;  but  were  the  clearing  of  forests  to  continue 
on  the  same  scale  as  it  now  does,  the  price  of  wood  would  become  exorbitant  in  a 
very  short  time.  The  great  consumption  of  charcoal  induces  landed  proprietors  to 
cut  their  wood  every  fifteen  or  sixteen  years,  and  even  oftener,  instead  of  every 
eighteen  or  twenty  years,  in  order  to  get  more  wood  fit  for  charcoal,  and  more  bark 
for  tanning,  the  price  of  which  has  doubled.  By  this  means  the  reserve  is  destroyed, 
white  wood  takes  the  place  of  oak,  and  the  quality  of  firewood  degenerates.  Great 
Britain  has  only  2  per  cent,  of  forest  land,  Spain  only  3  per  cent.:  France  has  still 
16'7  per  cent,  left;  but  if  things  continue  on  the  present  footing  a  few  years  will 
suffice  to  reduce  it  to  the  penury  of  the  above-mentioned  countries. 

The  Precious  Metals. — We  glean  the  following  interesting  items  from  M. 
Roswa^'s  new  work  on  the  subject,  entitled  "  Les  Me'taux  Prexieux."  From  the 
year  1500  to  1848  America  yielded  27,122  millions  of  francs  in  silver,  and  10,028 
millions  of  francs  in  gold.  These  numbers  comprise  13,774  millions  of  silver  drawn 
from  Mexico,  43,059  from  Pern  and  Bolivia,  230  from  Chili,  and  58  from  New 
Grenada-  As  to  gold,  the  share  of  Brazil  was  4625  millions  of  francs;  that  of 
Grenada,  1952;  of  Mexico,  1341;  of  Peru  and  Bolivia,  1172;  of  Chili,  862;  and 
of  the  United  States,  76.  Europe  during  the  same  period  only  produced  2330 
millions  of  francs  in  silver,  and  1600  in  gold.  Africa  yielded  2500  millions  from 
Guinea,  Hence  the  total  quantity  of  precious  metals  existing  in  1848,  including 
1000  millions  supposed  to  exist  before  1500,  formed  a  total  of  44,578  millions  of 
francs— viz.,  silver,  30,152  ;  and  gold,  14,426.  From  1848  to  1857  the  stock  of 
precious  metals  has  been  increased  by  2170  millions  of  francs  of  silver,  and  6004 
of  gold.  Of  the  latter,  California  has  produced  2508  millions,  and  the  rest  of 
America,  445.  Australia  has  yielded  1695,  and  Europe  743,  including  Russia  for 
678  millions.  Asia  has  contributed  505  millions,  and  Africa  108.  Of  silver, 
Australia  has  yielded  9  millions;  America,  1827;  Europe,  321;  and  Asia  22, 
forming  a  total  of  21  79  millions  of  francs.  There,  consequently,  exist  at  present 
in  the  world  32.331  millions  of  francs  of  silver,  and  20,430  of  gold.  The  ratio  of 
cold  to  silver,  which  before  1848  was  as  1  to  2,  is  now  as  2  to  3.  In  weight,  there 
existed  before  1848  about  31  kilogrammes  of  silver  for  every  kilogramme  of  gold; 
in  1856  this  proportion  had  fallen  to  less  than  24  kilogrammes  of  silver  for  1 
kilogramme  cf  gold.  Since  1856  the  total  annual  increase  of  the  precious  metals 
may  be  stated  at  240  millions  of  francs  of  silver,  and  500  of  gold,  being  more  than 
double  the  former. 

Fishing  by  Electricity. — An  interesting  account  of  an  experiment  made  at 
Belle  Isle  a  few  weeks  since,  to  fish  at  night  by  electricity,  has  lately  appeared  in 
the  Courier  de  Bretagne.  The  light  was  produced  by  a  powerful  electro-magnetic 
apparatus,  constructed  by  M.  Bazin.  The  experiment  was  carried  out  by  M. 
Bazin  on  board  the  Andalnuse,  in  the  presence  of  some  1500  persons.  It  was 
very  successful — a  great  quantity  of  fish  having  been  caught.  As  soon  as  the 
lantern  was  immersed,  shoals  of  fish  played  around  the  light,  during  which  time 
the  fishermen  on  the  outside  spread  their  nets.  The  light  illuminating  the  deep 
sea,  the  fish  came  in  shoals,  attracted  by  the  fictitious  sun.  M.  Bazin,  it  is  said, 
is  shortly  to  proceed  to  Algeria,  to  establish  a  coral  fishery  by  the  assistance  of 
his  electric  apparatus.  He  proposes,  during  the  interval,  to  descend  full  400 
feet  deep  into  the  sea,  and  explore  at  this  depth.  The  minister  of  Marine  has 
ordered  a  ship  of  war  to  be  placed  at  his  disposal;  and  Admiral  Choppart  has 
appointed  a  commission,  composed  of  engineers  and  naval  officers,  to  attend  M. 
Bazin's  experiments  officially. 

Strength  of  Materials.— It  is  a  remarkable  fact  that  one  of  the  most 
abundant  materials  in  nature — iron — is  the  strongest  of  all  known  substances. 
Made  into  best  steel,  a  rod  one-fourth  of  an  inch  in  diameter  will  sustain  9000  lbs. 
before  breaking;  soft  steel,  7000  lbs.;  iron  wire,  6000  lbs  ;  bar  iron,  4000  lbs.; 
inferior  bar  iron,  2000  lbs.;  cast  iron,  1000  lbs.  to  3000  lbs.;  copper  wire,  3000  lbs.; 
silver,  2000  lbs.;  gold,  2500  lbs.;  tin,  300  lbs.;  cast  zinc,  160  lbs.;  sheet  zinc, 
1000  lbs.;  cast  lead,  55  lbs.;  milled  lead,  200  lbs.  Of  wood,  box  and  locust,  the 
same  size,  will  hold  1200  lbs.;  the  toughest  ash,  1000  lbs.;  elm,  800  lbs.;  beech, 
cedar,  white  oak,  pitch  pine,  600  lbs.;  chestnut  and  soft  maple,  650;  poplar,  400 
lbs.  Wood  which  will  bear  a  very  heavy  weight  for  a  minute  or  two  will  break 
with  two-thirds  the  force  acting  a  long  time.  A  rod  of  iron  is  about  ten  times  as 
strong  as  a  hempen  cord.  A  rope  an  inch  in  diameter  will  bear  about  2£  tons,  but 
in  practice  it  is  not  safe  to  subject  it  to  a  strain  of  more  than  about  one  ton.  Half 
an  inch  in  diameter,  the  strength  will  be  one  quarter  as  much ;  a  quarter  of  an  inch, 
one  sixteenth  as  much  ;  and  so  on. 


Liquid  Glue. — The  use  of  this  substance  has  become  very  extensive  in  France, 
and  it  may  be  useful  to  give  the  process  by  which  it  is  obtained.  A  kilogramme, 
2|  lbs.  avoirdupois,  of  good  glue  of  Cologne,  or  Givet,  is  dissolved  in  a  litre  of 
water  in  an  earthen  pot  plunged  in  hot  water,  the  water  lost  by  evaporation  being 
replaced.  When  the  glue  is  completely  dissolved,  one-fifth  of  a  kilogramme  of 
nitric  acid  at  30°  centigrade  is  added;  the  acid  throws  the  solution  into  a  violent 
state  of  effervescence,  and  a  quantity  of  reddish-coloured  gas  escapes.  When  the 
mixture  has  become  quiescent  it  should  be  well  stirred,  set  aside  to  cool,  and  after- 
wards placed  in  well-stopped  vessels  fo.*  future  use. 

Geological  Discovery. — Geologists  will  be  gratified  to  learn  that  what  they 
have  been  searching  for  during  the  last  twenty  years,  in  the  Silurian  rocks  of  Moffat, 
has  at  length  been  discovered.  These  Silurian  schists,  as  is  well  known,  yield 
abundance  of  graptolites,  but  hitherto  no  undoubted  specimen  of  shell,  Crustacea,  or 
other  organism.  Lately,  however,  Mr.  I).  J.  Brown  was  successful  in  finding,  in  the 
black  shales  of  the  Girpool  Burn,  two  genera  of  shells — Discina  and  ModiulopsU — 
thus  holding  out  the  hope  that  others  will  turn  up  to  more  protracted  and  minute 
research.  This  discovery,  when  rightly  followed  up,  will  enable  geologists  to  deter- 
mine more  precisely  the  age  of  these  Moffat  beds — or,  in  other  words,  to  co-ordinate 
them  with  the  highly  fossiliferous  Silurians  of  Wales,  Bohemia,  and  New  York. 

Floating  Workshops  for  the  Turkish  Government. — In  the  Toxteth 
Dock  there  are  now  lying  three  vessels  which  have  attracted  a  good  deal  of  atten- 
tion, and,  as  all  blockade  running  craft  are  obsolete,  some  difficulty  has  been  found 
in  guessing  the  purpose  of  the  vessels  numbered  respectively  187,  188,  and  189, 
We  learn,  however,  that  they  are  intended  for  the  Turkish  government,  and  are  to 
be  fitted  out  as  floating  workshops  or  factories.  They  draw  only  two  feet  six  inches 
water,  and  will,  no  doubt,  be  found  very  useful  in  shallow  rivers  or  canals.  They 
will  be  supplied  with  lathes  and  other  mechanical  apparatus  of  the  most  improved 
description.  Messrs.  Jones,  Quiggin,  and  Co.,  are  the  builders  of  these  novel 
vessels. 

French  Machinery  for  England. — We  have  been  informed  (says  the 
Industrie')  that  M.  Quillacq,  mechanical  engineer,  of  Anzin,  Nord,  has  received  an 
order  to  make  a  powerful  pumping  machine  for  a  coal  mine  near  Newcastle.  This 
will  be  the  first  machine  of  the  kind  ever  sent  from  France  to  England. 

Preservation  of  Eggs  by  Collodion. — Mr.  W.  B.  Tegetmeier,  writing  to 
the  "  Queen,"  says: — Sly  friend,  Professor  Church,  of  the  Royal  College,  Cirencester, 
has  informed  me  of  an  exceedingly  elegant  and  effective  manner  of  preserving  eggs. 
This  method,  though,  perhaps,  too  expensive  to  be  carried  into  general  practice, 
illustrates  so  perfectly  the  statements  I  advanced,  that  I  am  desirous  of  noticing  it. 
The  plan  consists  in  varnishing  each  egg  over  with  collodion,  which  is  a  solution  of 
gun-cotton  in  ether  used  in  photography.  This  dries  instantly,  and  leaves  behind 
a  thin  film,  perfectly  impervious  to  moisture.  Eggs  prepared  in  this  way  were  found 
to  remain  quite  fresh  for  a  period  of  seven  or  eight  months. 

Mont  Cenis  Tunnel. — Pending  the  completion  of  the  tunnel  of  7h  miles  through 
Mont  Cenis.  and  which,  as  more  than  4^  miles  remain  to  be  pierced,  will  yet  require 
seven  or  eight  years,  Messrs.  Brassey  have  taken  steps  towards  the  construction  of 
a  railway  over  the  mountain,  to  supply  the  break  of  47  miles  now  existing  between 
St.  Michel  and  Susa  in  the  line  of  communication  between  France  and  Italy.  The 
French  Government  have  promised  a  concession  for  the  work  on  their  side  of  the 
mountain,  on  the  condition  of  its  practicability  being  demonstrated,  and  the  Italian 
Government  have  undertaken  to  grant  what  is  required  on  their  side.  An  experi- 
mental line  has  accordingly  been  already  constructed  on  the  French  side  between 
Lanslebourg  and  the  summit  —a  distance  of  a  mile  and  a  quarter — and  Captain 
Tyler,  of  the  Royal  Engineers,  was  recently  deputed  by  the  Board  of  Trade  to  visit 
it  and  report  the  results.  That  report  has  now  been  printed,  and  its  conclusions  are 
of  a  very  favourable  character.  It  describes  the  experimental  line  to  possess  a  mean 
gradient  of  1  in  13,  and  a  maximum  of  1  in  12.  It  passes  round  a  sharp  eorner, 
joining  two  of  the  zigzags  of  ascent  on  a  enrve  with  about  two  chains  radius,  and 
was  purposely  constructed  on  the  most  difficult  portion  of  the  route.  Captain 
Tyler,  in  two  days,  took  six  trips  with  the  engine  up  and  down,  carrying  each  time 
a  load  of  16  tons  in  three  waggons,  including  the  weight  of  the  waggons,  and  it 
performed  the  ascent  in  8£  minutes.  Mr.  Fell,  by  whom  the  work  has  been 
carried  on  under  estimates  framed  by  Mr.  Brunlees,  C.E.,  has  thus  "  shown  practi- 
cally that  gradients  of  1  in  12  to  1  in  15  may,  by  a  system  of  horizontal  driving 
wheels  acting  upon  a  middle  rail,  be  substituted  for  1  in  25  and  1  in  30,  which 
have  hitherto  been  practicable,  and  that  sharper  curves  may  also  by  this  system  be 
more  safely  worked,"  or  in  other  words,  "  that  a  railway  may  be  constructed  over  a 
given  summit  of  half  the  length  that  would  otherwise  have  been  necessary,  and  at 
less  than  two-thirds  the  cost."  In  the  present  case  the  cost  of  the  temporary  line 
is  to  be  £320,000,  or  about  £6720  per  mile,  whereas  the  tunnel  line  is  expected  to 
cost  £5,400,000,  or  £128,500  per  mile.  Even  the  cost  of  a  permanent  and  inde- 
pendent summit  line,  with  a  wider  gauge  and  better  curves,  would  not  exceed 
£20,000  per  mile.  The  importance  of  these  results  to  the  future  of  railway  con- 
struction in  mountainous  countries  can  therefore  hardly  be  over-estimated.  No 
pecuniary  aid  has  been  asked  either  from  the  French  or  Italian  Governments, 
Messrs.  Brassey  feeling  certain  of  a  sufficient  profit  from  the  natural  traffic  at  the 
tariff  which  has  been  provisionally  sanctioned  The  road  traffic  between  the  two 
points  yielded  in  1864  £76,000,  and  it  steadily  increases  at  the  rate  of  more  than 
10  per  cent,  per  annum.  This  without  estimating  any  higher  rate  of  increase  after 
the  opening  of  the  railway,  would  yield  in  seven  years  a  total  revenue  of  £1,0S0, 000, 
and  "it  is  considered  that  such  a  revenue  would  leave  at  the  end  of  that  time  a 
clear  profit  of  several  millions  of  francs,  after  deducting  all  charges,  and  after  paying 
interest  upon  and  paying  off  the  total  bond  and  share  capital  of  £320,000.  But  as 
the  great  saving  of  time,  combined  with  the  agreeableness  of  the  passage,  would 
inevitably  promote  a  great  accession  of  travel,  and  it  is  calculated,  moreover,  that 
38  hours  may  be  saved  by  this  work  in  the  transmission  of  the  Indian  mail,  pros- 
pects much  more  gratifying  may  fairly  be  assumed.  "  In  conclusion,"  Captain 
Tyler  states,  "  I  have  to  report  as  the  results  of  my  observations  and  experiments,  that 
this  scheme  for  crossing  the  Mont  Cenis  is  in  my  opinion  practicable  both  mechani- 
cally and  commercially,  and  that  the  passage  of  the  mountain  may  thus  be  envcU-d  not 
only  with  greater  speed,  certainty,  and  convenience,  but  also  with  greater  safety  than 
under  the  present  arrangements." 
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Silicium  in  the  Manufacture  of  Steel. — Dr.  T.  L.  Phipson  has  ascer- 
tained by  a  series  of  careful  experiments  that  the  effect  produced  by  the  silicium 
present  in  pig  iron,  intended  for  conversion  into  steel,  varies  according  as  the  silicium 
is  free  or  combined.  In  support  of  this  opinion,  he  refers  to  analyses  of  three  pig 
irons — A,  B,  and  C,  each  containing  all  its  elements  in  almost  exactly  the  same  pro- 
portions. The  total  silicium  in  A  amounted  to  4*20  per  cent.,  that  in  B  to  3"9b' 
per  cent.,  and  that  in  C  to  4"23  per  cent.,  but  the  4'20  per  cent,  in  A  was  made  up 
of  3"22  per  cent,  of  free  silicium  and  only  0-98  per  cent,  of  combined,  while  the 
3-96  per  cent,  in  B  was  composed  of  2*15  per  cent,  of  free  and  1*81  per  cent,  of 
combined  silicium,  and  the  4'23  per  cent,  in  G  of  only  1-63  per  cent,  in  the  free 
state,  with  as  much  as  2*60  per  cent,  in  a  state  of  combination.  Inasmuch  as  "A 
made  tolerably  good  steel,  B  very  indifferent  steel,  and  C  steel  so  bad  that  it  cannot 
be  worked  at  all,"  Dr.  Phipson,  therefore,  concludes  that  the  presence  in  pig  iron 
of  a  large  quantity  of  silicium  will  not  prevent  its  conversion  into  good  steel,  "pro- 
vided the  silicium  be  almost  entirely  in  the  free  state." 

Steam  Engines  and  Machinery. — The  exports  of  steam  engines  and  ma- 
chinery from  the  United  Kingdom  were  on  a  larger  scale  than  ever  last  year,  although 
the  foreign  demand  for  this  branch  of  our  manufactures  has  been  greatly  increased 
during  the  last  decade.  Thus  the  total  value  of  the  steam  engines  and  machinery 
exported  in  1864  was  £4,854,190,  as  compared  with  £4,368,012  in  1863, 
£4,092,673  in  18G2,  £4,213,670  in  1861,  £3,837,821  in  1860,  £3,731,301  in 
1859,  £3,599,352  in  1858,  £3,883,669  in  1857,  £2,716,453  in  1856,  and 
£2,243,166  in  1855.  Comparing  1864  with  1855,  we  have  thus  an  increase  of 
£2,611,024,  or  considerably  more  than  100  percent.  The  large  advance  in  the 
value  of  the  machinery  and  steam  engines  exported  last  year  as  compared  with  1864 
may,  however,  be  attributable  to  some  extent  to  the  increased  cost  of  the  iron  and 
steel  used  in  their  construction.  The  value  of  the  steam  engines  exported  in  1855 
was  £833,370  ;  in  1856,  £819,067  ;  in  1857,  £1,069,249 ;  in  1858,  £1,097,278  ; 
in  1859,  £973,340;  in  1860,  £1,238,333;  in  1861,  £1,258,164;  in  1862, 
£1,624,876  ;  in  1863,  £1,595,036  ;  and  in  1S64,  £1,626,342.  The  value  of  the 
other  machinery  exported  in  1855,  was  £1,359,796  ;  in  1856,  £1,897,386  ;  in  1857, 
£2,814,420;  in  1858,  £2,502,074;  in  1859,  £2,757,961 ;  in  1860,  £2,599,488; 
in  1861,  £2,955,406;  in  1862,  £2,467,797;  in  1863,  £2,772,976;  and  in  1864, 
£3,227,848.  Considering  the  increased  attention  devoted  by  France  and  other 
Continental  nations  to  mechanical  pursuits,  it  is  gratifying  to  find  the  products  of 
Great  Britain  still  in  better  demand  than  ever. 

Preservation  of  Ick  in  Small  Quantities. — The  importance  of  being 
able  to  keep  small  quantities  of  ice  for  various  purposes,  and  especially  in  sickrooms 
for  medical  use,  cannot  be  overrated.  Dr.  Schwarz  has  communicated  the  follow- 
ing simple  method,  which  he  has  practised  with  success.  He  says: — "Put  the  ice 
in  a  deep  dish  or  jug,  cover  it  with  a  plate,  and  place  the  vessel  on  a  pillow  stuffed 
with  feathers,  and  cover  the  top  with  another  pillow  carefully,  by  this  means  exclud- 
ing the  external  air.  Feathers  are  well-known  bad  conductors  of  heat,  and  in 
consequence  the  ice  is  preserved  from  melting."  Dr.  Schwarz  states  he  has  thus 
preserved  six  pounds  of  ice  for  eight  days.  The  plan  is  simple,  and  within  the 
reach  of  every  household. 

Great  Lens. — A  gigantic  telescope  is  being  made  for  the  Imperial  Observatory 
in  Paris;  and  the  great  establishment  of  Saint  Gobain  has  just  completed  for  the 
new  instrument  a  lens,  of  which  the  focal  length  is  not  given,  but  which  is 
described  as  being  seventy  centimetres  (28  inches)  thick.  It  is  six  years  since  the 
lens  was  commenced,  and  it  is  said  that  the  company  presents  it  to  the  Observatory. 

New  Process  in  Photography  without  the  Aid  of  Light. — Mr. 
Hodgson,  photographer,  Sheffield,  writes: — "Last  October  the  Illustrated  London 
News  issued  a  picture,  along  with  the  paper,  of  the  "  Kingfisher's  Haunt."  Having 
no  use  for  it  I  put  the  picture  in  a  drawer,  between  two  sheets  of  paper  prepared 
for  enlarged  photographs.  The  paper  is  prepared  with  400  grains  of  isinglass, 
440  grains  of  iodide  of  potassium,  146  grains  of  bromide  of  potassium,  and  54  grains 
of  chloride  of  sodium,  to  40  ozs.  of  water.  This  paper  is  quite  insensitive  to  light : 
but  what  was  my  astonishment,  on  looking  in  the  drawer  last  Tuesday,  to  find  the 
paper  on  the  top  of  the  picture  a  negative,  the  sheet  underneath  a  fine  positive,  the 
light  greens  and  blues  becoming  white,  and  the  reds  becoming  red,  in  the  positive. 
Those  pictures  I  hung  in  the  light  for  two  days,  and  they  faded  away.  One  sheet 
I  have  put  under  again,  and  several  quires  of  blotting-paper  on  the  top ;  and  another 
positive  is  printing  on  the  same  paper,  which  I  hope  to  be  able  to  fix.'' 


APPLICATIONS   FOR 

PROVISIONAL  PROTECTION  FOR  INVENTIONS 

UNDER  THE  PATENT  LAW  AMENDMENT  ACT. 

UST  When  the  city  or  town  is  not  mentioned,  London  is  to  be  understood. 
25th  May,  1865 
1428  Robert  Maxwell,  Glasgow— Coal-tar  colours 
1129  David  Law  and  James  Bennet,  Glasgow — Making  cores 

1430  Richard  Archibald  Brooman,  Fleet  Street— Sorting  fibres. — A  com. 

1431  J.  X.  J.  Barb&tJCj  (tannines,  Belgium — Brakes  for  railway  carriages 

1132  William  Bladders,  Manchester—  Ornamenting  table  cloths 

1133  Edward  Paton,  Perth— Fire-arms 

1434  John  Henry  Johnson,  London — Venting  cores. — A  com. 

1435  John  Gjers,  Middlesborough— Ovens 

1436  Thomas  Wilson,  Birmingham— Fire-arms 

1437  George  Bray,  Leeds— Gas  burner 

1438  Henry  (abbs,  Hampstead  Road— Artificial  fuel 

1439  William  Edward  Newton,  Chancery  Lane— Spinning  cotton.— A  com. 

1440  Henry  Edward  Newton,  Chancery  Lane — Knitting  machines. — A  com. 
1411  Thomas  HalLam  Ilobtyn,  Rickiing—  Turning  lathes 

1442  JerTery  Eustace,  Luton— Hats 

1443  Michael  Henry,  Fleet  Street— Textile  fabrics.— A  com. 

26(ft  May,  1S63. 

1444  C.  Cotton.  F.  Anderson,  and  D.  Booker,  Nottingham— Pressing  machine 

1445  William  (lark,  Chancery  Lane— Knitting  machines— A  com. 

1446  William  Edward  Oedge,  Strand— Corset  busk.— A  com. 
1147  Jean  Alphonse  Heinrich,  France— Rotative  machines 


1448  Richard  Canham,  Clcrkenwcll— Blast  furnaces 

1449  G.  Elliot,  Bctley  Hall,  and  K.  P.  Clark,  Newcastle-upon-Tyne— Loading  ships 

1450  Charles  Benjamin  Spaeth,  Phil  pot  Lane— Extinguishing  fire.— A  com. 
1453   Mylins  Cohen,  Fenchurch  Street — Fireplaces.— A  com. 

21th  May,  1865. 

1452  Charles  Frazer,  Norwich— Sawing  machines 

1453  Scipion  Sequelin,  Bloomsbury — Purifying  oils 

1454  Leonard  Brierley,  Birmingham— Ornamenting  japanned  surfaces 

1455  John  Martin  Rowan,  Glasgow — Making  railway  tyres 

1456  Richard  Archibald  Brooman,  Fleet  Street— Manufacturing  oil.— A  com. 

1457  Richard  Archibald  Brooman,  Fleet  Street— Producing  copies  of  writings.— A  com. 

1458  Richard  Archibald  Brooman,  Fleet  Street— Measuring  gas.— A  com. 

1459  Thomas  Bourne,  Brixton— Turning  bodies  of  a  spherical  form.— A  com. 

1460  Louis  Moser,  Southampton — Steel, — A  com. 

1461  Thomas  Bissell,  Southwark — Fire-arms 

1462  Ludwig  Diele,  Hackney  Road — Fastening  tiers  of  drawers 

1463  George  Gibson  Bnssey,  Oxford  Street— Loading  cartridges 

23tk  May,  1865. 

1464  Jean  Alphonse  Heinrich,  France — "Washing  raw  materials 

1465  Henry  Tipper,  Felrham— Australian  shirt 

1466  William  Settle,  Camden  Town— Bottle  stopper.— A  com. 

1467  Peter  Armand  Le  Comte  de  Fontainemoreau,  Paris— Lime. — A  com. 
146S  Henry  Mosely,  Olveston — Machine  driven  by  the  pressure  of  a  fluid 

1469  Peter  Young,  Manchester — Furnaces 

1470  Henri  Son,  Grosvenor  Square — Keyless  watches 

1471  Edw.  Myers,  Westminster,  and  Jas.  Stodart,  Notting  Hill— Preventing  downward 

draught  in  chimneys 

1472  William  Johnson,  Sowerby  Bridge,  York — Vices 

1473  Frederick  Arthur  Paget,  Adelphi— Locking  screws 

1474  Charles  Henry  Murray,  Southwark— Wooden  piles 

1475  William  Tighe  Hamilton,  Dublin— Circular  saws 

30th  May,  1865. 

1476  Samuel  Davis,  Strand — Dog  leash 

1477  William  Smith,  Barnard  Castle,  Durham — Road  scraper 

1478  W.  H.  Stanley,  Chipping  Camden,  Gloucestershire— "Wickets  for  game  of  cricket 

1479  James  Hare,  Birmingham— Cleaning  hollow  cylinders 

1480  John  Hibell,  Birmingham — Annealing  pots 

1481  Jonathan  Jopling,  Bishopwearmouth,  Durham — Steering  vessels 

1452  William  Martin,  Manchester — Brushes 

1453  Moritz  Meisel,  Old  B  romp  ton — Spinning  machinery. — A  com 

1484  Benjamin  Lawrence,  London — Inkstands. — A  com. 

1485  Sydney  Grafton,  Birmingham — Keys  of  locks 

1486  Robert  H.  Collyer,  Brompton — Paper 

1487  John  Calvert,  Strand — Locks 

1488  Luke  Martin,  Blackburn — Wheel  moulding  machine 

31st  May,  1865. 

1489  Thomas  Spencer,  Enston  Square — Paints 

1490  Thomas  A.  Browne  and  John  Knight,  Altrincbam — Hair  brushing  by  machinery 

1491  Peter  Pilkington,  Accrington— Steam  hammers 

1492  Richard  Howarth,  Paddington — Trains  signalling 

1493  Isaac  Rogers,  Peckham  Rye,  Surrey— Signalling  on  railway  trains 

1494  Hypolite  Monier,  Paris — Burner  for  gas 

1495  Frederick  Hazeldine,  Borough,  Surrey — Waggons 

1496  William  A.  Brown,  Newcastle-on-Tyne—  Steering  ships 

1497  Frederic  N.  Gisbourne,  West  Strand— Pressure  of  steam 
149S  Thomas  Summerson,  Darlington— Foundry  cupolas 

1499  William  E.  Newton,  Chancery  Lane — Carpets.— A  com. 

1500  John  Petrie,  Rochdale — Washing  wool 

1st  June,  1865. 

1501  F.  Richmond,  H.  Chandler,  and  J.  G.  Richmond,  Salford— Cutting  hay 

1502  Henry  Martin,  Leicester — Signalling  on  railway  trains 

1503  William  J.  Burgess,  Brentwood— Mowing  machines 

1504  David  Hancock  and  Frederick  Barnes,  High  Wycombe— Obtaining  motive  power 

1505  Herbert  Allman,  Ampthill  Square— Metallic  vessels 

1506  Herbert  Allman,  Ampthill  Square— Iron  and  steel 

1507  William  Clark,  Chancery  Lane— Treating  aeriform  fluids. — A  com. 

1508  Thomas  Brinsmead,  Torrington  -Exercising  chair  for  infants 

1509  Thomas  E.  Wright,  Birmingham — Steam  pressure  gauge 

1510  Frederick  Knight,  of  Burton-upon-Trent,  Stafford— Economic  boiler 

1511  Thomas  Hunt,  Preston — Permanent  way  of  railways 

1512  Henry  Mallet,  Nottingham— Lace 

1513  William  E.  Newton,  Chancery  Lane— Pocket  lantern.— A  com. 

1514  William  E.  Newton,  Chancery  Lane— "Woven  fabrics. — A  com. 

2nd  June,  1865. 

1515  Herbert  Allman,  Ampthill  Square— Prevention  of  the  ignition  of  matter  capable 

of  explosion 

1516  John  Nuttall,  Patricroft— "Valves  for  steam 

1517  Thomas  Pritchard,  "Wednesbury — Furnaces 

1518  Richard  A.  Brooman,  Fleet  Street— Electro-magnetic  clocks.— A  com. 

1519  William  Gadd,  Nottingham,  and  John  Moore,  Manchester— Pile  fabrics 

1520  George  Kent,  High  Holborn,  and  William  H.  West,  Holborn— Boiling  milk 

1521  Henry  E.  Newton,  Chancery  Lane — Steam  boilers. — A  com. 

1522  F.  J-  Bolton,  Brunton  Street,  and  Henry  Matheson,  Hackney— Producing  printing 

surfaces 

1523  James  Shepherd,  Whitefield — Steam  boilers 

3rd  June,  1865. 

1524  Thomas  Forster  and  James  Eckersley,  Bolton — Looms  for  weaving 

1525  Alfred  Lancaster,  Kensington  Road— Fire-arms 

1526  William  Holden,  Preston— Twist 

1527  Charles  Taylor,  Birmingham— Screw  stocks 

152S  Edward  Eastman,  Saint  Luke's— Measuring  the  human  figure  for  garments 

5tk  June,  1865. 

1529  John  Stephenson,  Marylebone— Umbrellas 

1530  William  Townend,  Bradford— Doubling  yarns 

1531  Charles  de  Bergue,  Westminster— Rivets 

1532  Charks  de  Bergue,  Westminster — Straightening  angle  iron 

1533  Charles  de  Bergne,  Westminster— Iron  piers 

1534  Thomas  Gentle  and  Joseph  Allmark,  Oldham— Turbines 

1535  Philip  Coombes,  Liverpool— Whey  extractor 

1536  A.  J.  Aspinall,  Liverpool— Hand  stamp  for  printing  letters 

1537  James  A.  Woodbury,  United  States— Paper  collars 

1538  John  Robertson,  Glasgow — Marine  s'eam  engines 

1539  John  H.  Johnson.  Middlesex— Corks.— A  com. 

1540  Richard  A.  Brooman,  Fleet  Street— Soap.— A  com. 

1541  William  E.  Newton,  Chancery  Lane— Photo-electro  typing  process.— A  com. 

1542  Frederick  Tolhausen,  Paris -Steam  engines.— A  com. 

1543  A.  I.  L.  Gordon,  Hyde  Park— Telegraphic  communication  on  railways 

1544  Jamca  Kennedy,  Notting  Hill— Submerging  telegraphic  cables 

1545  Charles  H.  Wansbrough,  Shrewton— Condensing  pans.— A  com. 
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MECHANICAL   PUDDLING   OF   IRON. 

RECENT   IMPROVEMENTS. 

Nothing  almost  can  be  cruder  or  simpler  in  i!s  theory  and  first  aspect 
than  the  operation  of  puddling,  by  which  iron,  in  the  state  of  pig  or  cast 
iron,  is  converted  into  malleable  or  bar  iron ;  and  yet  for  hah'  a  century 
the  operation  has  stood  still  in  the  position  in  which  Cort,  its  reputed 
inventor,  left  it,  although  from  year  to  year  the  laborious  and  unsatisfac- 
tory nature  of  the  hand-wrought  process  by  which  it  is  conducted  has 
been  admitted  and  lamented,  and  attempts  to  improve  it  by  getting 
rid  of  manual  labour,  or  by  the  substitution  of  some  altogether  new 
process,  have  successively  ended  only  in  readmitting  the  difficulties  of 
improvement. 

The  fundamental  idea  of  puddling  was  neither  more  nor  less  than 
burning  out  a  large  proportion  of  the  carbon,  and  of  some  of  the  other 
extraneous  metalloids  or  metals  contained  in  the  pig  iron  ;  and  for  many 
yeare  the  refinery  process — which  consisted  in  fusing  the  pig  iron  in  a 
sort  of  shallow  cupola,  with  an  enormous  excess  of  air  blast,  and  running 
out  the  refinery  pig  into  thick  cast  iron  ingot  moulds,  so  as  to  ''chill  it," 
or  into  water — was  deemed  indispensable  as  a  preliminary  to  puddling. 
This  severe  comburation  was,  however,  within  the  last  thirty  years,  found 
needless  in  most  instances,  and  that  by  a  proper  choice  of  the  quality  of 
the  pig  iron — or  in  large  works  by  a  suitable  mode  of  working  the  blast 
furnace,  so  as  to  obtain  a  good  hard  gray  or  mottled  pig  iron  exclusively 
— it  might  be  dispensed  with.  Cut  here  the  progress  of  improvement 
ended. 

The  puddling  furnace  itself,  if  we  except  Roger's  invention  of  the  cast 
iron  sole,  and  the  method  of  repairing  the  interior  of  the  brickwork  with 
a  paste  of  hamatite  iron  ore  mixed  with  fire-clay,  and  a  few  alterations 
in  proportions,  size,  &e.,  has  remained  just  as  it  was  in  Cort's  day,  and 
the  method  of  manipulation  the  same  also. 

Crude  and  obvious  as  its  theory  at  first  sight  seems — the  fact  is,  that 
puddling  is  an  extremely  curious  and  not  so  easily  discerned  combina- 
tion of  chemical  and  mechanical  forces,  or  rather  methods;  and  in  the 
verv  union  of  these  lies  the  difficulty  of  improvement,  or  of  any  substi- 
tution of  power  for  the  skilled  hand  and  eye  of  the  puddler. 

So  far  as  the  chemical  part  of  the  process  of  converting  cast  into 
wrought  iron,  the  operation  of  the  refinery  was  identical  with  that  of  the 
puddling  furnace.  Carbon,  silicon,  and  perhaps  phosphorus,  were 
burnt  out,  and  with  them  some  of  the  metals  of  earthy  bases  oxidized 
and  burnt  out  also,  as  the  following. analyses  indicate  : — 


Iron  from 
Blast  Furnace. 

Iron 95-26 

Carbon, 263 

Silicon, 1*38 

Aluminjm, 0"73 

Pho.-phorns, trace. 

Sulpuor, trace. 


Same  Iron  from 
Refinery  Furnace. 

9833 
0-87 
0-53 
0-26 
trace, 
trace. 


Analyses  of  the  slags,  or  "  tap  cinder,"  many  of  which  are  quoted  in 
books  of  iron  metallurgy,  really  tell  for  nothing — a  large  proportion  of 
their  constituents  being  derived  from  the  fusion  of  the  internal  surface 
of  the  walls  of  the  furnace. 

This  is  proved  by  the  results  of  weighings  at  Dowlais,  given  by  Mr. 
Tmran  in  his  work  on  iron.     Thus — 

Crude  iron  pnt  into  famaro, 2108  lbs. 

Prodnced/^P^P^ --40 

\  Cinder, 325 

■     2567  lbs. 

Excess  in  weight  =  69  lbs. 

Now  as  the  oxygen  fixed  by  the  oxidation  of  the  iron,  silicon,  and 
aluminum,  is  about  balanced  by  the  loss  of  carbon  volatilized  as 
carbonic  oxide  and  acid,  it  follows  that  most  of  this  excess  is  due  to 
earthy  matter  fused  off  the  furnace,  and  hence  that  cinder  analyses 
prove  nothing.  This  is  equally  true  for  the  paddling  furnace  as  for 
the  refinery. 

Calvert  and  Johnston's  researches  on  the  progressive  chemical  changes 
produced  in  puddling,  show  that  these  are  quite  analogous  to  those 
which  occurred  in  the  refinery.  Thus,  when  No.  3  gray  Staffordshire 
pig  iron  was  the  subject  of  experiment,  and  the  iron  in  progress  of 
change   was  taken   at  successive   intervals   of  time   from   the   pud- 
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dling    furnace    and    analysed,   results    such    as    the    following   were 
obtained :  — 


Time. 


Pi?  Iron  employed. 
No.  of  Sample. 

Iron  as  put  into  furnace 12  noon. 

.Sample  No.  1 12-40 

"    2, 10 

"    3, 15 

"         "    4,     1-20 

"         "    5, 135 

"    6, 1-10 

"    7, 1-45 

"    8, 1-50 

Puddled  bar, — 

Rod  iron  rolled  from  it, — ■ 


Amount  of  Amount  of 
Carbon  per  cent.  Silicon  per  cent 

2-275  ...  2  7i"i 

2  728  ...  0-915 

2-9U5  ...  0-197 

2  114  ...  0-194 

2-3U5  ...  0181 

1-647  ...  0183 

1-206  ...  0-163 

0-903  ...  0-103 

0  772  ...  0-163 

0296  ...  0120 

0111  ...  0088 


Puddle  Bar. 

P.olled  Rod 

0296 

o-iu 

0-120 

0-088 

0134 

0117 

0-139 

0-094 

So  that  the  carbon  is  slightly  increased  at  first,  and  then  both  it  and  the 
silicon  steadily  burn  out,  and,  as  is  apparent  by  the  last  two  lines,  much 
of  these  continues  to  burn  and  work  out  during  the  ''  shingling"  of  the 
puddle  balls,  and  the  subsequent  rolling  of  the  puddle  bars  into  rod  iron. 
The  final  results  are  shown  as  follows  : — 

No.  3  Pig  Iron. 

Carbon, 2"275 

Silicon, 2  "720 

Phosphorus, 0'645 

Sulphur, 0-301 

These  were  in  some  degree  confirmed  by  the  composition  of  the  slag 
from  the  furnace. 

Thus,  chemically,  the  refiner}',  the  puddling  furnace,  and  the  Bes- 
semer converting  vessel,  all  perform  the  same  parts  ;  but  puddling  has 
this  peculiarity  added  to  it — that  a  certain  proportion  of  the  fusible  slag, 
the  silicate  of  oxide  of  iron  formed  in  the  process,  is  kneaded  up  with 
the  pasty  and  finally  crumbly  mass  of  puddled  iron  ;  and  plays  a  highly 
important,  though  probably  not  fully  understood  part,  in  determining  the 
molecular  arrangement  of  the  wrought  iron,  when  the  puddled  bar  is 
submitted  to  the  roller. 

This  kneading  up  of  wrought  iron  and  silicate,  then,  constitutes  the 
mechanical  element  of  the  puddling  process,  and  appears  to  be  abso- 
lutely essential  to  the  result — essential,  at  least,  so  long  as  wrought  iron 
in  rolled  or  forged  form  shall  be  considered  a  necessary  structural 
material,  or  until  steel  produced  by  the  Bessemer  process  shall  have 
taken  its  place.  The  chemical  part  of  the  process  is  one — the  progress 
of  which  requires  to  be.  stopped  at  a  given  moment— known  to  the 
educated  eye  of  the  puddler  by  shutting  down  the  damper,  so  as  to 
convert  the  oxydatir.g  flame  of  the  furnace  into  a  neutral  one.  But  at 
this  moment  the  kneading  up  of  the  silicate  must  be  complete,  so  that 
the  metal  may  be  speedily  withdrawn,  or  new  and  mischievous  chemical 
changes  commence  ;  hence  arises  the  delicacy  of  the  puddling  process, 
when  stated  as  briefly  as  possible. 

By  the  Bessemer  process  it  is  at  least  doubtful  whether  regularly 
fibrous  metal  can  be  produced  under  the  roller — that  is  to  say,  whether 
the  crystals  of  the  metal  can  be  induced  to  elongate  in  the  direction  of 
least  pressure,  arising  from  the  fact  that  the  absence  of  intercalated  slag 
greatly  reduces  the  difference  (in  internal  pressure  in  the  orthogonal  direc- 
tions) of  greatest  and  least  pressure  within  the  "billet,"  or  mass  between 
the  rolls.  Homogeneous  metal — which  is,  in  fact,  but  an  iron  very  pure 
from  slag,  and  with  its  carbon  combined  in  the  state  of  a  "  low  steel" 
— or  good  steel,  are  the  only  products  of  the  Bessemer  crucible,  and  for 
almost  all  structural  use,  such  products  will  before  very  long  come  to 
be  substitutes  of  wrought  iron.  But  great  as  is  the  increase  of  ultimate 
tenacity,  steel,  as  compared  with  wrought  iron,  and  valuable  as  it  must 
become,  there  will  ever  remain  a  number  of  structural  purposes  for 
which  wrought  iron,  with  its  softness,  ductility,  and  high  extensibility, 
must  continue  to  be  required,  and  for  the  production  of  which  the 
puddling  furnace  must  continue  in  use.  Puddling,  hence,  cannot  be 
viewed  as  an  expiring  art ;  and  for  this  reason,  as  well  as  from  the  vast 
amount  of  public  attention  that  has  been  recently  drawn  to  it  by  reason 
of  the  long  and  embittered  disputes  between  the  working  puddlers  and 
the  iron  masters  in  this  country,  we  have  thought  it  advisable  to  trans- 
late at  length  two  very  able  papers  on  the  subject  of  mechanical  puddling 
as  practised  in  France,  which  have  appeared  in  the  Annales  des  Mines 
very  latelv,  and  to  place  them  in  a  form  available  to  English  readers, 
accompanied  by  the  more  important  of  their  illustrations. 

We  proceed  to  those  memoirs,  and  shall  reserve  to  the  conclusion 
a  few  more  general  remarks  upon  what  has  been  done  in  this  country 
in  the  same  direction. 
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MECHANICAL  PUDDLER  EMPLOYED  AT  THE  CLOS-MORTIEK 
FORGE,  COMMUNE  DE  SAINT  DIZIER  (HAUT  MARNE). 

BY    MM.    DUMENV   AND    LEMUT. 

Object  and  importance  of  the  question. — France  possesses  no  less  than 
600  puddling  furnaces,  which  afford  occupation  to  from  2500  to  3000 
puddlers,  and  produce  annually  600.000  tons  of  crude  iron,  the  value  of 
which  is  from  90  to  100  millions  of  francs.  It  is  therefore  highly 
important  that  improvements  should  be  introduced  into  a  branch  of 
manufacture  of  such  vast  magnitude.  We  have  studied  this  important 
question  from  a  mechanical  point  of  view:  we  have  sought  to  improve 
the  process  itself  by  the  partial  substitution  of  mechanical  force  for  the 
muscular  power  of  the  puddler.  By  this  means,  we  believe,  we  shall 
arrive  at : — ■ 

1.  The  obtainment  of  economy  in  outlaj',  and  improvement  in  the 
quality  of  the  iron,  by  the  use  of  a  more  expeditious  and  effective  mode 
of  treatment. 

2.  A  reduction  of  the  fatigue  and  labour  of  the  puddler,  thus 
making  this  occupation  accessible  to  a  greater  number  of  workmen, 
whilst  at  the  same  time  the  services  of  those  engaged  may  be  pro- 
longed to  a  more  advanced  age.  This  aim  is  well  worthy  of  interest, 
as  there  are  few  workmen  endowed  with  a  sufficiently  strong  constitu- 
tion to  be  able  to  withstand  for  more  than  fifteen  years  the  enervating 
labour  of  puddling  as  practised  at  the  present  day.  The  greater  num- 
ber are  at  the  end  of  this  period  compelled  to  abandon  their  occupation, 
and  being  thrown  entirely  out  of  work,  fall  into  a  state  of  want  and 
wretchedness  which  is  rendered  all  the  more  unbearable  by  contrast 
with  the  comforts  enjoyed  whilst  in  the  receipt  of  high  wages.  Others 
again,  and  not  a  few,  are  attacked  by  one  or  other  of  the  diseases  which 
are  the  result  of  checked  and  violent  perspirations,  and  droop  in  the 
prime  of  life  incapable  of  gaining  a  livelihood.  The  idea  of  assist- 
ing the  puddler  by  mechanical  appliances  is  by  no  means  new ;  and 
in  truth,  when  one  sees  in  all  the  branches  of  human  industry  so  much 
ingenious  apparatus  for  lending  to  man  their  unlimited  power,  and  leav- 
ing to  him  only  the  exercise  of  his  intelligence,  one  is  surprised  that  the 
operation  of  puddling,  one  of  the  operations  requiring  the  greatest 
amount  of  physical  labour,  has  not  as  yet  received  the  help  of  steam 
— more  especially  as  here  the  use  of  steam  is  rendered  less  costly  than  in 
almost  any  other  manufacture,  as  it  ma}'  be  generated  by  the  heat 
which  otherwise  passes  off  uselessly  to  waste  from  the  furnace  itself. 
Nevertheless,  on  observing  the  variety  of  movements  which  the  puddler 
executes  with  his  stirrer  in  all  parts  of  the  furnace ;  the  necessity  for 
constant  renewal  of  this  instrument,  which  is  incessantly  destroyed  by 
the  fire  and  contact  with  substances  in  a  state  of  fusion  ;  finally, 
the  change  in  the  nature  of  the  cast  iron  and  the  intelligent  manipula- 
tion which  the  metal  requires  when  it  assumes  the  spongy  condition — one 
feels  that  a  machine  which  shall  be  capable  of  performing  such  compli- 
cated operations  would  itself  be  too  complicated  and  expensive  to  be 
really  practical — too  intricate  and  delicate  to  be  situate  close  to  a  fur- 
nace and  attended  to  by  a  puddler.  Impressed  with  these  difficulties, 
we  have  not  pretended  to  effect  mechanically  all  the  manipulations  of 
puddling.  We  have  sought  only  to  effect  the  stirring  of  the  cast  iron 
by  our  mechanical  puddler,  which  may  be  aptly  termed  an  auxiliary 
puddler,  for,  like  him,  it  stirs  up  or  raises  the  cast  metal. 

Simple  Mechanical  Pud<llcr. — The  most  simple  application  of  the 
mechanical  puddler  consists  in  causing  it  to  operate  in  an  ordinary 
puddling  furnace.  The  tools  are  of  the  usual  description,  and  are  as 
heretofore  introduced  through  the  small  opening  in  the  door.  The 
apparatus  which  imparts  motion  to  them  is  erected  on  the  top  of  the 
furnace  in  such  a  manner  as  not  to  impede  the  free  access  thereto.  By 
means  of  a  simple  and  ready  contrivance,  the  puddler  can  start  and  stop 
the  machine  at  pleasure.  A  lever  suspended  to  the  frame-work  hangs  in 
front  of  the  furnace,  and  at  its  lower  extremity  are  attached  in  a  few 
seconds  the  hooks  or  other  tools  required.  This  lever,  receiving  from  a 
connecting  rod  and  a  guiding  slide  a  complex  oscillating  movement  in 
a  plane  which  itself  oscillates  to  the  right  and  left  of  the  door,  causes 
the  tool  to  operate  in  all  parts  of  the  furnace  exactly  in  the  same  way 
as  the  puddler  works  it  by  hand,  but  with  greater  power,  and  without 
any  cessation  or  relaxing  of  energy.  AVhen  the  stirring  is  completed, 
and  the  metal  begins  to  agglomerate,  the  puddler  stops  the  machine, 
puts  on  one  side  the  lever,  and  commences  in  his  turn  to  work  the 
metal  in  the  usual  manner.  A  reference  to  the  mechanical  details  will 
show  iu  what  manner  the  apparatus  (figs.  1  and  la)  may  be  adapted 


to  all  the  requirements  of  the  operation.  The  movement  impacted  to 
the  machine  by  one  of  the  pulleys,  is  transmitted  by  the  pulleys  to  a 
crank  disc,  which,  by  means  of  a  connecting  rod  terminating  in  two 
universal  joints,  actuates  a  large  suspended  lever,  to  the  lower  end  of 
which  is  attached  the  puddling  tool.  The  plummer  block  which  carries 
the  journal  of  the  crank  disc,  is  situate  at  the  upper  part  of  a  vertical 
oscillating  lever,  which  receives  from  an  eccentric,  Q  (Kg.  1),  a  slow 
vibratory  motion  on  its  horizontal  axis,  o,  the  eccentric  being  actuated 
by  a  small  pinion,  which  gears  into  a  spur  wheel.  The  lever,  H, 
and  consequently  the  tool  attached  to  it,  receive,  therefore,  a  movement 
which  results  from  the  rotation  of  a  crank  pin  round  an  axis  which  is 
constantly  oscillating  slowly  to  and  fro. 

The  lever  works  between  two  bars,  which  direct  its  plane  of  oscilla- 
tion, and  which,  by  moving  round  a  vertical  axis,  vary  the  direction  of 
the  plane,  and  with  it  the  direction  of  motion  of  the  tool  inside  the 
furnace.  The  guide  bars  are  actuated  by  a  connecting  rod,  connected 
to  an  arm,  and  deriving  its  motion  from  a  crank  disc,  l  (fig.  1),  keyed 


Fig.  1. 


Fig.  la. 


on  to  the  same  shaft  as  the  eccentric,  Q.      Each  of  the  elements  of 
the  motion  of  the  tool  may  be  regulated  in  a  few  seconds. 

1.  That  pulley  of  the  cone  is  selected,  which,  on  the  whole,  gives  the 
most  suitable  speed  to  the  machine. 

2.  The  machine  is  instantly  started  and  stopped  by  a  tension  pulley, 
which  the  attendant  operates  upon  by  means  of  a  pendent  cord  and 
weight. 

3.  To  vary  at  will  the  amount  of  oscillation  of  the  lever,  a  crank 
disc,  F  (fig.  1),  may  be  employed,  provided  with  a  number  of  holes 
made  at  different  distances  from  the  centre,  and  the  pin  being  secured, 
by  means  of  a  key,  into  that  hole  which  gives  the  desired  amount  of 
oscillation  to  the  lever.  The  same  result  may  be  obtained  within  cer- 
tain limits  by  fitting  a  slide  to  the  lever,  and  securing  it  by  means  of  a 
pinching  screw  at  any  desired  height;  the  end  of  the  connecting  rod 
being  connected  to  such  adjustable  slide. 

4.  The  two  extreme  positions  which  it  is  desired  that  the  tool  should 
occupy  within  the  furnace,  is  regulated  by — 1st.  The  radius  of  the  crank 
in  the  disc,  L  (fig.  1),  which  disc,  like  the  one  above  mentioned,  is  provided 
with  a  number  of  holes  at  various  distances  from  the  centre.  2nd.  By 
the  length  of  the  rod,  which  actuates  the  bent  lever.  3rd.  By  the 
radius  given  to  this  lever.  In  a  few  seconds  the  workman  can  vary  at 
will  these  lengths  by  changing  the  pin  holes  which  serve  to  connect  the 
arm  to  the  connecting  or  driving  rod. 

5.  The  displacement  of  the  axis  of  the  crank  disc,  L,  may  also  be 
varied  according  to  the  requirements  of  the  work.  For  this  purpose  the 
eccentric  which  produces  this  displacement,  in  lieu  of  being  keyed 
directly  upon  the  shaft  which  drives  it,  is  fixed  by  small  bolts  upon  the 
face  of  the  crank  disc,  L,  mounted  on  the  same  shaft.  The  oblong  hole 
which  is  formed  in  the  disc  of  the  eccentric  enables  its  centre  to  be 
brought  nearer  to,  or  further  from,  the  centre  of  the  shaft,  by  changing 
the  positions  of  the  bolts. 

6.  The  general  arrangement  described  further  admits  of  establishing 
between  the  radius  of  the  eccentric,  Q,  and  that  of  the  crank  which 
actuates  the  bell  crank  guiding  lever,  the  angular  distance  which  corre- 
sponds to  the  most  convenient  relation  between  the  direction  of  the  tool 
and  its  entrance  into  the  furnace, 
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7.  According  to  the  length  of  the  tools  introduced  into  the  furnace, 
this  lever  is  brought  nearer  to,  or  further  from  the  door  thereof  by 
shortening  or  lengthening  accordingly  the  rod,  G,  which  actuates  the  lever. 

Finally,  The  inclination  of  the  tool  may  be  varied  according  to  the 
height  of  the  hearth,  and  the  form  of  the  tool  employed.  For  this 
purpose  the  lever  is  provided  with  a  sliding  collar  at  its  lower  ex- 
tremity, similar  to  the  one  higher  up,  to  which  the  connecting  rod, 
is  attached,  and  to  this  collar  or  slide  is  secured,  by  means  of  a  pinching 
screw,  the  end  of  the  tool.  A  tightening  screw  fitted  to  Ibis  slide 
enables  it  to  be  fixed  at  any  height  along  the  lever,  thereby  regulating 
the  angle  of  the  tool. 

Rotatory  Mechanical Piuhller. —  This  is  a  small  apparatus  which  pro- 
duces three  combined  movements ;  namely,  the  rotation  of  a  crank,  the 
displacement  of  its  axis;  and  that  of  the  plane  of  oscillation  of  the  lever 
to  which  the  tool  is  attached.  Motion  is  imparted  to  a  shaft,  which 
carries  two  toothed  wheels:  the  first  makes  twelve  revolutions  during 
the  time  the  wheel  into  wdiich  it  gears  makes  one  revolution  ;  and  the 
second  gears  into  a  wheel  one-fourth  its  size.  This  last  is  keyed  on  to 
a  wrought-irou  shaft,  which  rotates  iu  a  plummer  block,  and  in  a  hollow 
cast-iron  shaft,  and  which  carries  at  its  extremity  a  toothed  wheel, 
gearing  into  an  internal  toothed  wheel.  The  hollow  shaft  carried  in 
the  plummer  block  is  cast  in  one  piece  with  an  eccentric,  which  acts 
through  a  connecting  rod  in  the  direction  of  the  plane  of  oscillation.  It 
is  also  in  one  with  the  wheel,  to  which  is  keyed  a  short  stud,  forming 
the  axis  of  the  internal  toothed  wheel.  Supposing  the  shaft  to  make 
thirty-six  revolutions  per  minute ;  the  wheel,  and  with  it  the  eccentric, 
will  make  three  revolutions  per  minute.  The  axis  of  rotation  of  the 
crank  will  therefore  make  three  revolutions  per  minute  round  the  shaft ; 
at  the  same  time  tho  shaft  will  receive  by  the  gearing  a  speed  of 
144  revolutions;  if  the  relation  of  the  gearing  to  the  internal  gear  is 
two-fifths,  this  latter  will  make  57-6  revolutions.  During  the  time  the 
tool  is  making  these  57 '6  oscillations,  it  will  make  by  reason  of  the 
effect  of  the  simultaneous  displacement  of  the  axis,  and  of  the  plane  of 
oscillation,  three  times  the  round  of  the  furnace  ;  that  is  to  say,  it  makes 
three  times  in  succession  nineteen  oscillations  over  every  portion  of 
the  surface  of  the  hearth.  The  axes  of  the  machine  may  be  in  a 
horizontal  position ;  or  they  may  equally  well  be  placed  vertically, 
replacing  the  bearings  by  footsteps  in  which  the  ends  of  the  two  shafts 
might  rotate. 

The  dimensions  of  the  puddling  furnaces  are  limited  by  the  length 
of  the  tools,  which  should  be  sufficiently  easy  of  management  to  render 
them  capable  of  being  manoeuvred  without  too  great  an  expenditure  of 
power;  but  there  is  no  doubt  that  great  advantage  would  be  gained  by 
increasing  these  dimensions,  and  at  the  same  time  augmenting  the 
weight  of  the  charge.  It  is  well  known,  in  fact,  that  in  the  double 
furnaces,  when  the  cast  iron  is  stirred  by  two  puddlers  working  simul- 
taneously through  two  doors,  a  better  iron  is  generally  produced  than 
would  be  obtained  from  the  same  metal  treated  in  the  simple  furnace. 
The  consumption  of  fuel  per  ton  of  iron  is  less  when  a  vigorous  stirring 
favours  the  purification  and  fining  of  the  metal,  and  diminishes  the 
consumption  of  fuel. 

The  use  of  mechanical  puddlers,  enables  the  furnaces  to  be  made 
much  larger,  and  accelerates  the  operation  of  stirring.  Moreover,  the 
perimeter  of  the  hearth  being  less,  the  injurious  reaction  of  the  metallic 
bath  upon  the  sides  is  diminished.  It  may  even  be  entirely  obviated 
by  employing  currents  of  water  made  to  circulate  round  the  hearth,  and 
which,  in  large  furnaces,  will  not  produce  the  same  augmentation  in  the 
waste  of  fuel  which  occurs  under  ordinary  circumstances. 

Mechanical  Puddler,  as  applied  to  a  large  double  furnace. — As  an 
application  of  these  principles,  we  have  constructed  a  puddling  furnace 
of  large  size,  having  two  opposite  doors,  and  provided  with  a  duplex 
mechanical  puddler.  The  movement  communicated  to  the  pulley,  pro- 
duces the  oscillation  of  the  tools,  as  in  the  previous  arrangement,  by 
the  intervention  of  a  disc  crank,  rods,  and  suspended  levers.  Each  of 
these  levers  oscillates  in  a  plane,  which  itself  moves  round  a  vertical 
axis,  and  receives  this  movement  by  the  rod,  actuated  by  the  crank  and 
the  endless  screw.  A  tension  pulley,  acting  upon  the  strap  pulley, 
enables  the  motion  of  the  entire  machine  to  be  governed  or  regulated  at 
will ;  but  it  is  useful  that  the  attendant  should  have  the  power  of  stop- 
ping only  one  of  the  mechanical  puddlers,  and  of  working  freely  at  one 
of  the  doors,  only  without  interfering  with  the  work  which  is  being 
mechanically  carried  on  through  the  opposite  door.  With  this  object 
the  rod,  which  actuates  the  lever,  terminates  in  a  fork,  the  branches  of 


which  are  each  provided  with  a  notch  corresponding  to  the  two  small 
trunnions  carried  by  the  adjustable  sliding  socket  or  collar  on  the  lever. 
This  rod  is  suspended  by  a  wire  to  the  end  of  a  lever  on  an  overhead 
frame  or  support;  from  the  other  end  of  this  lever  hangs  a  chain,  which 
it  is  simply  necessary  to  pull  in  order  to  throw  the  apparatus  out  of 
action.  The  other  rod,  which  gives  motion  to  the  directing  guide,  is 
thrown  out  of  action  without  stoppage,  by  lifting  it  from  off  the  pin 
which  connects  it  with  the  guide ;  it  then  remains  freely  suspended  by  a 
chain,  and  continues  its  to-and-fro  motion  without  any  resulting  action 
on  the  machine.  It  is  important  that  the  semi-solid  matter  contained 
on  the  hearth  of  the  furnace  be,  at  each  stroke  of  the  tool,  pushed  towards 
the  middle  of  the  hearth.  The  puddling  furnace  at  the  commencement 
of  the  operation  contains,  in  fact,  fragments  of  half-melted  iron,  and  it  is 
in  the  centre  of  the  furnace  that  the  temperature  is  highest,  and  where 
the  fusion  is  most  readily  effected.  After  a  little  while  lumps  or  clots 
of  iron  swim  on  the  surface  of  the  scoriae,  and  tend  to  agglomerate.  It 
is  necessary  that  the  stirrer  should  keep  them  away  from  the  working 
door,  in  order  that  they  may  not  be  carried  away  with  the  scorire  which 
is  run  off,  and  may  not  be  oxidized  by  the  current  of  air  drawn  into  the 
furnace  through  the  open  door.  To  carry  out  this  object,  a  jerking 
motion  is  imparted  to  the  point  of  suspension  of  the  lever,  produced  by 
a  cam  and  a  spring  acting  iu  the  opposite  direction  to  the  cam.  The 
handle  of  the  stirrer  is  thus  made  to  describe  a  curve.  The  other  end 
is  lifted  above  the  hearth,  during  the  return  stroke  of  the  tool,  towards 
the  iron,  and  skims  over  the  surface  of  the  molten  metal.  Arrived  at 
this  point,  the  spring  acting  sharply,  the  hook  plunges  into  the  metal 
until  it  rests  upon  the  hearth,  and  moves  back  again  towards  the  centre 
thereof,  pushing  with  it  the  solid  matters  wdiich  are  in  its  course. 
The  combined  action  of  the  two  rods,  and  of  the  cam  and  spring,  pro- 
duce with  remarkable  exactitude  the  movements  which  are  imparted  to 
the  tool  in  the  furnace  by  the  arms  of  a  working  puddler.  This  combi- 
nation enables  the  machine  to  be  employed,  not  only  during  the  period 
of  stirring  the  molten  cast  iron,  but  also  during  the  subsequent  stage 
when  the  wrought  iron  begins  to  form. 

Mechanical  Puddler  for  large  furnaces  with  several  doors. — The 
arrangements  which  we  have  just  described  may  be  applied  with  slight 
modifications  to  furnaces  of  much  larger  dimensions,  having  several 
doors.  It  is  simply  necessary  to  place  along  as  many  points  in  the 
driving  shaft  as  are  desired  a  number  of  eccentrics,  which  shall  drive 
corresponding  levers  carrying  tools  operating  in  different  parts  of  the 
furnace.  The  attendant  may  stop  or  increase  the  speed  of  any  of 
them  at  his  will,  either  to  replace  a  tool  too  hot,  or  complete  the  work 
by  hand. 

Summary. — The  cost  of  a  simple  mechanical  puddler  does  not  exceed 
£350,  and  that  of  a  double  apparatus  is  not  higher.  The  employment 
of  a  mechanical  puddler,  by  dispensing  in  a  great  measure  with  the 
labour  of  the  workman,  diminishes  the  cost  of  labour,  and  renders  the 
condition  of  the  hand  puddler  less  distressing.  The  application  of 
unlimited  power  to  the  puddling  process  admits  of  the  dimensions  of 
the  furnaces  being  augmented,  whilst  the  quality  of  the  produce  is  im- 
proved, and  the  consumption  of  fuel  reduced.  Finally,  the  arrange- 
ments of  the  various  machines  we  have  described  enable  the  workman 
to  operate  in  the  ordinary  manner,  if  at  any  time  the  mechanically 
actuated  tools  are  not  found  to  operate  exactly  as  required,  or  the 
mechanism  becomes  accidentally  deranged. 

During  the  two  years  that  the  first  mechanical  puddlers  have  been 
established  at  the  Clos  Moitier  forge,  these  tools  have  been  the  subject 
of  numerous  experiments.  Having  been  successively  improved  and 
simplified,  they  now  fulfil  their  object  in  such  a  satisfactory  manner 
that,  already  working  in  seven  of  our  furnaces,  we  have  applied  them 
to  all  the  others  without  further  modifications. 

Besides  the  puddlers  which  we  have  adopted  in  our  establishment,  we 
have  constructed  other  apparatus  which  are  more  suited  to  the  arrange- 
ment of  certain  furnaces,  and  particularly  in  those  cases  where  the 
furnace  is  surmounted  by  a  steam  boiler.  Our  first  mechanical 
puddler  was  applied  to  a  single  door  furnace,  and  it  continues  to  work 
now  in  the  same  manner  as  it  did  two  years  ago.  We  have  already 
given  in  the  Annates  des  Mines,  vol.  ii.  1862,  a  detailed  description, 
to  which  we  refer  the  reader,  and  will  content  ourselves  with  indicating 
only  here  the  general  action  of  the  mechanism  for  giving  to  the  tool  the 
movements  which  cause  it  to  travel  over  the  entire  surface  of  the 
hearth.  This  is  shown  in  fig.  2,  representing  the  combination  of  tho 
lines  described  by  the  tool  on  the  surface  of  the  hearth. 
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We  have  constructed  another  apparatus  producing,  like  the  former 
one,  the  complex  movement  hy  virtue  of  which  the  tool  passes  over 
every  portion  of  the  hearth  ;  it  is  capahle  also  of  being  erected  at  any 
distance  from  the  furnace.  This  new  mechanical  puddler  is  simple 
and  durable,  and  occupies  only  a  small  space.  It  will  generally  be 
convenient  to  erect  it  above  ground,  suspending  it  from  a  beam  above  ; 
or  it  may  be,  on  the  contrary,  placed  below  the  surface  of  the  floor. 
A  pulley,  D  (ligs.  2,  3,  and  4),  actuated  by  a  strap  against  which  a  tension 
pulley,  E,  is  brought  to  bear,  gives  motion  to  the  horizontal  shaft,  A  A, 
with  its  crank,  J,  and,  by  means  of  the  endless  screw,  I,  to  the  small 
vertical  shaft,  B,  with  its  crank,  L,  which  receives  a  movement  twenty 
to  thirty  times  slower  than  that  of  the  driving  shaft.     This  crank,  L, 

Fig.  2. 
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works  two  rods :  the  one,  C,  imparts  motion  to  the  guiding  slide,  N,  N, 
placed  above  the  door  of  the  furnace  by  means  of  the  levers,  K  and  m, 
keyed  on  to  the  ends  of  the  upright  shaft,  F  F,  and  of  the  rod,  T ;  the 
other  rod,  P,  acts  upon  the  end  of  the  horizontal  lever,  O  s  Q,  which  it 
moves  slowly.  To  the  point,  s,  of  the  same  lever  is  connected  the  rod, 
J  M  s,  having  a  quick  motion.  It  is  the  end,  Q,  of  this  lever  which,  by 
the  appliances,  Q  u  X  Y,  adapted  to  the  arrangement  of  the  furnace, 
gives  motion  to  the  beam  or  suspended  bar,  H  H,  to  which  is  attached 
the  tool,  z.  A  similar  arrangement  of  mechanism  may  be  carried  by  a 
beam  overhead  in  lieu  of  being  placed  underground.  The  crank  then 
drives  the  guiding  slide  by  means  of  the  rods  connected  by  the  crank 
lever.     Another  crank  causes  a  lever  to  oscillate  slowly  on  a  fixed  axis. 

Fig.  3. 


At  the  intermediate  point  of  this  lever  is  jointed  the  extremity  of  a 
lover,  upon  which  operates  the  rod,  moving  at  a  quick  rate.  It  is 
from  the  opposite  end  of  this  same  lever  that  the  movement  is  trans- 
mitted to  the  tool.  The  attendant  starts  and  stops,  or  increases  or 
retards  the  motion  of  the  tool  at  his  pleasure,  according  to  the  progress 
of  the  operation,  by  simply  acting  upon  the  tension  pulley,  which 
allows  the  driving  strap  to  slip  more  or  less.  Experience  has  proved 
that  this  simple  appliance  effectually  answers  the  purpose,  and  that  it 
is  preferable  to  cone  pulleys  and  other  more  complex  arrangements. 
The  lever  is  jointed  to  the  tool  by  means  of  a  lateral  stud  or  projection 
which  fits  freely  into  an  eye  in  the  end  of  the  tool,  the  latter  being 
retained  in  its  place  by  a  key  or  collar.  A  very  few  moments  are 
consequently  necessary  to  remove  a  tool  and  replace  it  by  another, 


when  it  has  become  overheated.  Moreover,  the  tools  employed  in  the 
mechanical  puddler  being  much  stronger  and  heavier  than  those  usually 
worked  by  the  manual  puddler,  withstand  for  a  long  period  the  action 
of  the  fire,  one  large  tool  only  being  heated  up  to  the  time  of  the  metal 
commencing  to  "  clot;"  whereas  in  the  ordinary  process  three  or  four 
tools  are  requisite. 

"We  have  obtained  better  results  from  the  use  of  double  furnaces  with 
opposite  doors  than  with  the 


Fig.  4. 


simple  furnace.  The  former 
possess,  in  fact,  over  the 
latter  the  well-known  advan- 
tage to  practical  puddlers  of 
producing  a  superior  quality 
and  of  consuming  less  coal 
per  ton  of  iron  manufactured. 
The  reason  for  the  general 
abandonment  of  the  double 
furnaces  is,  that  they  require 
greater  expense  of  manual 
labour  than  the  simple  fur- 
nace. This  disadvantage, 
however,  disappears  with  the 
introduction  of  machinery, 
whilst  the  advantages  remain, 
arising,  as  they  do,  from  the 
extreme  activity  given  to  the 
work,  which  enables  the 
weight  of  the  charge  to  be 
greatly  increased,  as  well  as 
the  dimensions  of  the  furnace. 
It  will  be  readily  understood, 
in  fact,  that  an  energetic 
stirring  will  be  produced  by 

the  powerful  tools,  which  will  keep  the  metal  constantly  returned  to 
the  hottest  part  of  the  hearth. 

Pursuing  our  experiments  towards  the  augmentation  of  the  size  of 
the  furnaces  and  the  acceleration  of  the  work,  we  have  succeeded  in 
shortening  still  further  the  period  of  stirring,  and  in  reducing  to  a  per- 
ceptible extent  the  waste,  by  joining  two  tools  in  lieu  of  only  one  to 
the  end  of  each  lever.  The  doors  of  the  furnace  thus  present  two  holes, 
which  the  puddler  closes  alternately  during  the  work  which  succeeds 
the  stirring.  We 
charge  from  300  to 
400  kilos  of  cast  iron 
into  such  a  furnace. 
The  ten  balls  produced 
hy  this  charge  are 
removed  by  one  or  the 
other  of  the  doors,  so 
that  the  shingling  does 
not  last  longer  than  for 
a  simple  furnace  of 
only  one-half  the  size. 
We  may  add  that  the 
form  of  the  furnaces 
with  two  opposite 
doors  enables  a  very 
simple  arrangement 
of  mechanism  being 
used. 

The  inspection  of 
fig.  2,  shows  in  fact 
that,  in  describing 
lines  which  are  none  other  than  radii  of  circles  of  which  the  doors  are 
the  centres,  the  tools  arrive  at  every  portion  of  the  hearth  of  the  double 
furnace.  It  therefore  results  that  the  oscillating  plummer  block  or 
bearing  of  the  system  before  referred  to,  and  the  complex  motion  levers 
of  the  apparatus,  may  generally  be  dispensed  with,  and  that  simple 
machines,  similar  to  those  shown  in  figs.  3,  4,  and  5,  will  answer  the 
purpose. 

The  first  of  these  puddling  machines  is  applicable  where  the  furnace 
is  only  provided  with  two  doors,  and  where  there  is  nothing  to  prevent  it, 
it  may  be  placed  above  the  furnace,  but  in  the  figure  is  below.     We 
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content  ourselves  with  simply  illustrating  this  arrangement  of  the  me- 
chanical puddler,  as  it  differs  only  from  that  given  in  our  previous  paper 
in  the  absence  of  the  cams  and  springs,  experience  having  enabled  us  to 
dispense  with  them.  The  mechanical  puddlers  (figs.  G,  7,  and  8)  are 
applicable  to  furnaces  having  several  doors  opposed  to  each  other,  and 
especially  to  those  having  a  steam  generator  mounted  thereon.  The 
description  just  given  of  a  similar  machine  for  a  simple  furnace  obviates 
the  necessity  of  analysing  the  details  of  this  one.  They  do  not  differ 
essentially  from  it  beyond  the  dispensing  with  the  intermediate  lever, 
the  rod  being  jointed  directly  to  the  arm,  keyed  on  to  the  shaft,  x  x  (figs. 
5  and  6).     We  may  just  remark,  however,  that  on  the  oscillating  shaft 

Fig.  C. 
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it  is  possible  to  hook  any  number  of  rods,  and  that  the  apparatus  may  be 
readily  applied  to  all  forms  or  modifications  of  furnaces.  The  arrange- 
ment of  notches  which  terminate  the  rods,  G,  enable  the  attendant  to  con- 
nect or  disconnect  at  will  any  one  or  more  of  these  rods  without  stop- 
ping the  machine — in  fact,  give  him  the  power  of  removing  or  replacing 
any  of  the  tools  without  interfering  with  the  rest.  These  machines 
are  more  particularly  applicable  where  the  boiler  on  the  top  of  the 
furnace  leaves  but  little  available  space  above  the  roof.  It  frequently 
happens  that  the  arrangement  of  the  premises  will  not  permit  of  the 
suspending  to  the  beams  a  main  shaft  distributing  the 
movement  of  one  single  prime  mover  to  the  whole  of  the 
puddlers  of  the  forge.  In  that  case  use  is  made  of  small 
steam  engines  of  from  one  to  two  horse  power,  these  engines 
putting  in  motion  the  shaft  which  drives  the  tension  straps 
of  one  or  of  several  adjoining  furnaces.  This  combination 
will  often  be  found  the  most  economical,  and  it  presents 
the  advantage  of  preventing  any  accident  in  the  machin- 
ery from  throwing  out  of  work 
the  whole  of  the  furnaces  of  the 
forge.  Most  frequently  the  up- 
rights of  the  furnace  suitably 
prolonged  will  furnish  firm  points 
of  attachments  for  the  levers,  and 
may  be  made  to  contain  in  the 
same  frame  the  small  steam 
engine  in  company  with  the 
puddling  mechanism.  In  figs.  7 
and  8  are  shown  enlargements  of 
the  arrangement  under  the  floor 
of  the  furnace  house  for  giving 
motion  to  the  rods,  &c,  as  shown 
attached  in  figs.  5  and  6. 
We  have  shown  by  the  preceding  remarks  that  our  mechanical 
puddlers  may  be  adapted  to  the  most  varied  forms  of  furnaces  and  of 
apparatus  in  their  immediate  neighbourhood.  We  will  conclude  by 
giving  the  practical  results  which  we  obtain  at  the  present  time  by  the 
use  of  our  apparatus: — 1.  The  consumption  of  fuel  is  greatly  reduced 
per  ton  of  rnetil  produced.  2.  The  work  is  accelerated  and  the  pro- 
duction of  the  furnace  increased,  whence  results  on  economy  in  the 
general  and  working  expenses.  3.  The  obviating  the  necessity  for 
workmen  in  stirring  the  cast  iron  lowers  the  price  of  the  labour,  whilst 


Fig.  8. 


at  tiie  same  time  it  enables  the  wages  of  the  regular  puddler  to  be 
augmented  although  their  labour  is  lightened.  4.  The  waste  is  not 
diminished  in  the  puddling  process,  but  it  is  notably  reduced  in  the 
re-heating.  5.  The  improvement  in  the  quality  of  the  iron  is  undoubt- 
edly the  effect  of  the  mechanical  puddler.  Gray  cast  iron  prepared  by 
coke,  which  slowly  refines  under  the  energetic  action  of  three  or  four 
heavy  tools,  clots  in  a  short  time  without  the  addition  of  scoria;  or 
damp  scales,  and  produces  a  very  superior  quality  of  iron.  We  may 
also  remark  that  certain  manufactures  which  have  hitherto  necessitated 
the  use  of  iron  from  the  forge  hammer,  may  be  effected  now  with  iron 
puddled  according  to  our  system  and  rolled. 


THE    DUBLIN    INTERNATIONAL    EXHIBITION    OF    ARTS 
AND  MANUFACTURES. 

Were  it  not  that  Exhibitions  have  become  somewhat  too  frequent  and 
common,  and  perhaps  also  that  in  England  they  have  derived  from  the 
conduct  of  that  of  18G2,  and  generally  of  the  "  Science  and  Arts  " 
notabilities  of  Brompton,  an  indefinite,  but  not  the  less  certain  evil  odour, 
the  International  Exhibition  now  open  at  Dublin  would  deserve  a  far 
more  extensive  and  searching  notice  than,  under  existing  circumstances, 
our  readers  would  probably  care  that  we  should  give  it. 

We  should,  however,  do  great  injustice  to  a  highly  interesting  and 
instructive  collection,  and  still  more  to  the  Royal  Dublin  Society,  through 
whose  earnest  and  capable  endeavours  it  has  been  formed  and  produced, 
were  we  to  omit  all  notice  of  it.  And,  in  truth,  we  should  deprive  our 
readers  of  some  index,  which  we  are  about  to  offer  them,  to  the  noble 
volume  of  instruction  and  enjoyment  that  lies  now  open  to  all  who 
choose  to  visit  the  Irish  capital. 

Those  who  read  our  "  Exhibition  Record  of  18G2,"  are  aware  that  the 
Royal  Dublin  Society,  which  was  incorporated  "  for  the  promotion  of  arts, 
manufactures,  and  husbandry,"  was  the  very  earliest  body  in  Great  Britain 
to  perceive  the  importance  of  periodical  exhibitions  of  products.  In 
1835  they  held  their  first  exhibition,  limited  to  Irish  products  only,  it 
is  true,  but  in  reality  anticipating  to  a  great  extent  the  ideas  to  which 
the  late  Prince  Consort  gave  such  a  bold  and  permanent  development 
in  1851.  Since  their  first  exhibition  in  1835,  the  Royal  Dublin  Society 
has  held  at  least  nine  others,  including  the  present,  which  is  not  only 
upon  the  largest  basis,  as  being  international,  but  undoubtedly  the  most 
extensive,  the  best  arranged,  and  the  most  beautiful  and  attractive  of 
any  they  have  inaugurated. 

These  latter  elements  of  attraction  and  beauty,  are  largely  owing  to 
the  fine  site,  the  excellence  of  the  construction  of  the  building  in  which 
the  exhibition  is  held,  and  to  the  profuse  display  of  statuary  and 
paintings,  amongst  both  of  which,  especially  of  the  latter,  are  many 
objects  of  the  highest  art. 

Up  to,  and  including  the  exhibition  of  1861,  all  those  of  the  Royal 
Dublin  Society  were  held  within  the  cincture  of  their  own  spacious 
premises  in  Kildare  Street,  extending  to  Merrion  Square,  and  formed 
upon  the  nucleus  of  the  once  splendid  palace  of  the  Fitzgerald  family 
(the  Dukes  of  Leinster),  erected  prior  to  the  Act  of  Union  of  1800, 
where,  with  the  aid  of  temporary  structures  erected  upon  the  lawn  facing 
Merrion  Square,  sufficient  room  for  these  purposes  was  obtained. 

The  erection  subsequently  to  the  above  date  of  the  large  new  Museum 
Building  of  the  Royal  Dublin  Society  at  one  side  of  this  lawn,  and  of 
the  Irish  National  Picture  Gallery  at  the  other,  curtailed  the  available 
space  for  such  future  temporary  structures  to  such  an  extent,  that  it 
was  seen  some  new  arrangement  must  be  made  for  any  future  exhi- 
bition to  be  held. 

Mr.  Ben.  L.  Guinness,  the  well-known  wealthy  brewer,  who  liberally 
expended,  it  is  said,  nearly  £100,000  in  the  restoration  of  St.  Patrick's 
Cathedral,  Dublin,  had  about  this  time  become  the  purchaser  of  a 
town  mansion  upon  the  south  side  of  the  square  called  Stephen's  Green, 
and  also  of  a  largo  plot  of  ground  at  the  rear  of  that  entire  side  of  the 
square,  called  the  Coburg  Gardens,  from  having  been  many  years  ago 
employed  as  a  sort  of  Dublin  Vauxhall. 

In  18G2  a  Limited  Liability  Company  was  formed  in  Dublin,  for  the 
purpose  of  converting  this  piece  of  ground  into  a  public  garden,  and 
constructing  upon  a  portion  of  the  site  an  exhibition  palace  of  a 
permanent  character,  with  concert  and  other  public  rooms,  &c,  attached, 
and  of  a  whiter  garden,  or  great  conservatory  of  low  temperature. 

The  first  conception  of  this  project  is  said  to  be  due  to  Mr.  Henry 
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Parkinson  of  Dublin,  the  secretary  of  the  company.  It  was  well  received; 
the  Duke  of  Leinster  hecame  chairman,  and  amongst  the  directors  were 
found  the  names  of  Mr.  Guinness  and  Mr.  Dargan,  the  well-known  Irish 
railway  contractor.  The  capital,  with  borrowing  powers,,  reached 
£GG,000.     An  act  of  parliament  was  obtained,  and  Mr.  Guinness  under- 


took to  transfer  over  to  the  company  the  sile  (the  Coburg  Gardens)  at 
the  same  sum  which  he  had  himself  paid  for  it.  Competition  designs  for 
the  buildings  proposed  being  erected  were,  we  believe,  then  advertised 
for,  and  those  selected  were  produced  by  Mr.  Alfred  Jones,  architect,  of 
Dublin,  whose  plans  have  been  carried  out  by  himself,  so  far  as  the  brick 


Fig.  1. 


Plan  of  Ground  Floor. 


and  masonry  portion  of  the  whole  are  concerned,  while  the  iron  work 
of  the  Winter  Garden  proper  has  been  designed  by  Messrs.  Oldish  and 
Lefevre,  civil  engineers,  of  London,  and  does  those  gentlemen  as  well 
as  the  contractors  great  credit. 

Fig  2. 
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I'lan  of  Galleries. 


The  ground  laid  out  as  a  garden  exterior  to  the  buildings,  occupies  a 
somewhat  irregular  space,  of  not  more  than  about  800  feet  by  500  feet. 
It  labours  under  the  serious  disadvantage  of  being  nearly  surrounded  by 
high  five  and  six  story  houses,  presenting  their  rears  of  dull  brick-work 
all  round,  and  no  effort  or  skill  of  the  landscape  gardener  can  ever  make 


it  a  garden  of  first-class  beauty.  The  ugly  rears  of  these  houses  may 
be  in  course  of  time  partially  hidden  by  planting,  but,  whenever  the 
trees  shall  have  risen  to  a  growth  capable  of  hiding  away  these  lofty 
houses,  they  will  have  assumed  an  altitude  and  size  that  will  seem  quite 
to  bury  and  overwhelm  the  central  space  of  the  garden. 

Very  much  has  been  said  of  an  adulatory  character  of  the  "  splendid 
liberality,"  &c,  of  Mr.  Guinness  in  his  disposal  to  the  Winter  Garden 
Company  of  this  plot  of  ground,  without  money  profit,  which  would  no 
doubt  have  soon  become  very  valuable  as  building  ground,  and  unques- 
tionably the  act  was  not  without  a  certain  amount  of  public  spirit  and 
liberality.  It  is  impossible  not  to  see,  however,  that,  however  disinter- 
ested the  act  itself  may  have  been,  the  result  is  that  the  rear  of  Mr.  Guin- 
ness' own  house  in  Stephen's  Green  (which  he  has  just  completed  the 
construction  of,  from  the  transformation  of  two  pre-existing  fine  houses, 
that  of  the  late  Judge  Burton  and  another)  now  looks  out  upon  a  very 
handsome  if  not  a  magnificent  town  garden,  and  is  placed  in  proximity, 
or  perhaps  is  endowed  with  the  power  of  ingress  to  it  and  to  the 
Exhibition  building,  which  will  become  in  fact  a  sort  of  Sydenham 
palace,  on  a  small  scale,  for  Dublin.  Such  are  the  happy  results  which 
a  beneficent  Providence  often  bestows  on  those  whose  opulence  enables 
them  to  become  conspicuously  liberal. 

The  main  building  (in  relation  to  its  ultimate  purposes)  consists  of 
two  stories  in  part,  and  comprises  a  great  concert  hall,  to  accommodate 
3000  sitters,  and  which  at  one  end  opens  directly  into  the  winter  garden, 
so  that  practically  a  very  large  area  of  this  building  may  be  employed 
for  musical  purposes,  and  the  whole  for  promenade,  &c. 

There  is  also  a  smaller  concert  hall  for  1500  persons  seated,  a  lecture 
room  to  contain  500,  a  rehearsal  room  for  the  orchestra,  a  dining 
or  public  meeting  room  of  107  feet  by  30,  and  a  whole  crowd  of  smaller 
picture  galleries,  rooms,  offices,  &c,  all  approached  by  well  propor- 
tioned corridors,  which  are  well  lighted  and  well  ventilated. 

The  entrance  hall,  which  is  a  sort  of  long  corridor,  of  double  story 
height,  is  floored  with  Minton's  encaustic  tiles,  and  the  vista  to  the 
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remoter  end  of  the  garden,  through  the  winter  garden  building,  termin- 
ated by  the  great  artificial  cascade,  which  has  been  formed  and  will  be 
supplied  with  water  when  the  new  water  supply  from  the  Vartry 
reservoir  shall  have  been  completed  and  reached  Dublin,  will  have 
undoubtedly  a  fine  effect.  The  main  entrance  to  the  building  is  from 
Earlsfort  Terrace  ;  it  is  beneath  a  portico  in  Corinthian  order,  in  two 
stories,  over  a  Roman  Doric  corridor.  Of  the  general  architectural  effect 
of  this  facade  of  the  building,  however,  the  less  said  the  better.  In  what 
style  of  architecture  the  hideous  upper  windows  at  either  side  of  the 
portico  are  intended  to  be,  it  would  be  difficult  even  for  Mr.  J.  Fergusson 
to  determine.  Fine  arts  form  a  more  generally  noticeable  feature  in  this, 
than  even  in  the  Exhibition  of  1862  in  London,  relatively  to  the  entire 
collection,  and  although  fine  art  proper  comes  not  within  the  immediate 
scope  of  this  Journal,  its  specimens  as  here  displayed  are  so  mixed  up 
with  the  objects  of  applied  art,  and  with  those  of  manufacture,  &c,  that 
it  is  scarcely  possible  to  give  a  general  coup  (Vceil  of  the  entire  Exhibi- 
ts- 3. 


Winter  Palace — Half  Transverse  Section. 

tion  without  some  passing  notices  of  the  pictures  and  statues ;  in  fact, 
we  enter  the  Exhibition  through  a  perfect  crowd  of  statues,  of  which, 
however,  some  one  or  two  only  are  of  the  highest  style  of  art. 

From  Earlsfort  Terrace,  we  at  once  pass  into  the  long  corridor  or 
hall  which  contains  the  sculpture.  The  further  end  of  this  corridor 
opens  into  the  nave,  which  runs  transversely  along  the  whole  length  of 
the  building,  while  opposite  the  corridor  is  a  spacious  apse— a  semi- 
cylindrical  recess  which  has  been  altogether  devoted  to  the  exhibition 
of  French  contributions.  Prussia,  Austria,  Belgium,  Rome,  Italy,  Den- 
mark, Sweden,  and  Norway,  have  respective  positions  assigned  to  them 
in  the  nave— in  the  north  transept  are  most  of  the  British  contributions. 
From  the  north  transept  the  visitor  passes  into  the  carriage  court,  and 
the  machinery  court— both  of  which  are  annexes  to  the  building  indis- 
pensable, though  they  considerably  injure  the  general  appearance  of  the 
structure  as  seen  from  the  outside.  In  the  galleries  a  somewhat  similar 
arrangement  exists  to  that  prevalent  below ;  the  central  halls  forming 
the  picture  galleries  of  the  Exhibition.  The  two  ground  plans,  which 
we  have  engraved,  give  at  a  glance  a  tolerably  clear  idea  of  the  forms  of 
the  permanent  and  temporary  buildings,  and  of  the  arrangement  of  the 
various  constituent  parts  of  the  Exhibition.      Iu 


SCULPTURE, 

the  Exhibition  is  particularly  rich  ;  and  it  was  perhaps  this  which 
prompted  the  directors  to  place  the  statues  in  the  entrance-hall.  One 
or  two  of  the  more  striking  figures  at  once  arrest  attention — notably 
among  these  may  be  mentioned  the  "Camilla'1  of  Signor  Constantino 
Pandiani,  of  Milan,  and  the  "Ophelia"  of  Mr.  W.  C.  Marshall,  a 
Scottish  sculptor.  Among  the  best  contributions  to  this  department 
are  Mr.  W.  \V.  Story's  "Saul;"  Miss  Harriet  Hosmer's  "Sleeping 
Fawn  and  Satyr;"  Signor  Biella's  "  Bacchante  ;"  and  the  "  Eve  after 
the  Fall,"  bv  Signor  Argenti.     We  now  enter  the 


opposite  that  portion  reserved  for  French  contributions.  In  the  centre 
of  the  apse  is  a  display  of  several  pieces  of  Gobelins  tapestry ;  and 
round  this  trophy  are  ranged  specimens  of  the  porcelain  of  Sevres. 
The  French  have,  however,  sent  few  or  none  of  their  very  highest 
efforts  in  ceramics,  probably  dreading  the  risk  of  fracture  to  those 
irreplaceable  specimens  that  so  delighted  the  educated  eye  of  taste 
in  London  iu  18G2 — in  the  long  voyage  or  land  carriage  to  and 
from  Dublin.  Indeed,  the  very  finest  examples  of  French  china  are 
shown  by  British  exhibitors,  at  the  north  end  of  the  nave,  where  the 
richly  coloured  and  dashing  sketches  on  vases  and  patera?  by  Lessor  make 
a  very  striking  display.  We  have  screens  showing  French  silks  for  furni- 
ture-purposes, the  colours  of  which  are,  as  usual,  harmonious  and  bril- 
liant. These  contributions  come  almost  solely  from  Lyons  and  Tours. 
Paris  has  no  competitor  in  her  show  of  surgical,  horological,  and  musical 
instruments.  Charente,  Bordeaux,  and  Rheims  send  samples  of  wines 
and  brandies ;  the  other  contributions  are  the  general  products  of  the 
country.  Italy  is  very  largely  represented  in  the  Dublin  Exhibition, 
having  responded  heartily  to  the  appeal  made  by  Earl  Russell  on  behalf 
of  the  committee.  Not  content  with  sending  the  largest  collection  of 
sculpture,  she  exhibits  a  greater  number  of  industrial  products  than  any 
other  foreign  country;  there  are  481  Italian  exhibitors,  while  France 
has  only  114.  Amongst  Italian  products  we  have  several  very  fine 
samples  of  raw  silk,  spun  by  various  processes.  The  silk  of  Italy  is 
veiy  rarely  imported  into  England ;  a  much  more  convenient  market 
is  found  in  France,  in  Alsace,  and  in  Rhenish  Germany.  Samples  of 
cotton  are  likewise  shown — a  branch  of  manufacture  which  has  become  of 
great  importance  in  all  countries  since  the  American  war.  The  cotton 
here  exhibited  was  grown  at  Pachino,  near  Naples.  It  is  a  specimen  of 
what  is  known  as  "Siamese  cotton,"  the  seeds  of  which  "originally 
came  from  Malta  at  the  beginning  of  the  present  century,  since  which 
time  the  plant  has  been  acclimatized  in  Sicily.  The  Marquis  Rudini 
is  probably  the  most  extensive  cotton-grower  in  the  whole  of  Italy, 
having  devoted  last  year  no  less  than  930  acres  to  its  cultivation." 
Perhaps  we  ought  likewise  to  trace  American  influence  in  another 
branch  of  Italian  industry,  here  represented  by  samples  of  "  wool  pre- 
pared by  machinery  from  rags  and  cuttings,  and  employed  iu  certain 
proportions  with  fresh  wool  for  making  shoddy  clothes,  for  the  use  of 
the  poorer  classes."  There  is  also  displayed  an  interesting  series  of 
specimens  of  the  rock  met  with  in  penetrating  the  Mont  Cenis  tunnel, 
of  which  we  have  recently  given  some  account.  Austria  sends  a  very 
varied  contribution,  including  Hungarian  wines,  liqueurs  and  brandy, 
musical  and  philosophical  instruments,  woollen  stuffs,  paper  and 
stationery,  gloves,  shoes,  hats,  caps,  coffee-roasters,  clocks,  pipes, 
waterproof  goods,  and  "  fancy  articles."  Belgium  is  no  less  widely 
represented.     Leaving  the  nave,  we  turn  into  the 

KOUTII   TRANSEPT, 

wherein  most  of  the  British  contributions  are  shown.  Among  the  cases 
are  those  which  contain  specimens  of  Irish  lace ;  and  it  may  be  ques- 
tioned if  there  has  ever  been  a  display  of  this  delicate  craft  more 
graceful  in  design  and  workmanship  than  these  specimens.  In  this 
department  a  large  number  of  contributions  are  sent  by  the  various 
reformatories  and  industrial  institutions  under  the  general  control  of  the 
Commissioners  of  National  Education  for  Ireland ;  the  work  of  the 
pupils  in  many  cases  being  exceedingly  beautiful.  In  the  North  Tran- 
sept, also,  is  placed  the  Iron  and  General  Hardware  department,  under 
which  title  come  locks,  grates,  fire-irons,  horses'  shoes,  wire-work, 
bronzed  ornamental  metal  work,  water-valves,  water-meters,  churns, 
strainers,  shutters,  &c.  Here,  likewise,  is  the  Section  which  includes 
"  Working  in  precious  metals,  and  in  their  imitations  ;  jewellery  and  all 
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articles  of  vertu  and  luxury."  la  this  department  are  many  brilliant 
and  handsome  show-cases.  On  the  other  side  of  the  transept,  and 
underneath  the  gallery,  is  the  Furniture  and  Upholstery  department, 
which  is  very  creditably  represented.  Glass-work,  pottery,  porcelain, 
and  manufactures  in  marble,  slate,  porphyries,  cements,  &c.,  are  exhibited 
in  the  North-west  Transept.     British  contributions  are  continued  into 

THE   GALLERIES, 

which  are  quite  as  full  as  the  courts  below.  In  the  East  Gallery 
especially,  there  is  a  perfect  glut  of  contributions.  Here  we  have 
philosophical  and  photographic,  musical,  horological,  and  surgical  instru- 
ments; the  innumerable  manufactures  of  cotton;  various  fabrics  manu- 
factured from  wool  and  silk,  from  flax  and  hemp  ;  tapestry  and  carpets, 
lace  and  embroidery.  The  show  of  woollen  cloths  is  extensive ;  and 
it  is  gratifying  to  observe  that  Ireland  plays  some  part  in  this.  In  the 
North  Gallery  are  placed  the  various  cases  containing  "  Substances 
used  as  food."  Stars,  heraldic  devices,  crowns,  and  so  forth,  are  formed 
of  such  humble  materials  as  starch,  mustard,  confectionery,  &c,  dis- 
playing more  ingenuity  than  good  taste.  In  the  North-east  Gallery 
chemical  and  pharmaceutical  products  are  shown  ;  likewise  those  of 
mining,  quarrying,  and  metallurgy.  One  of  the  largest  and  most 
interesting  collections  in  the  Exhibition  is  placed  in  the  same  gallery  ; 
being  a  collection  of  the  products  of  India,  sent,  by  permission  of 
Her  Majesty,  from  the  royal  apartments  at  Windsor  Castle.  There 
are  some  specimens  of  native  embroidery  quite  matchless  in  their  delicate 
workmanship ;  and  some  suits  of  armour  exceedingly  rich  in  material 
and  ornament.  Here  also  are  some  very  interesting  Chinese  articles, 
amongst  which  is  the  dressing-room  of  a  Chinese  princess,  who  is 
seated  inside  with  her  attendants.     The 

GREAT  GALLERY 

in  the  centre  of  the  permanent  building,  is  reserved  for  British  pictures. 
Foreign  art  is  well  represented;  though  it  has  been  found  impossible  to 
devote  a  separate  gallery  to  each  country.  One  hall  contains  exclusively 
an  exhibition  of  old  masters.  Several  magnificent  landscapes  have 
been  sent  from  Norway,  which  are  specially  worthy  of  notice  as  reveal- 
ing to  us  scenic  effects  which  never  are  seen  in  our  own  latitudes. 
Fiance  has  but  few  contributions,  Italy  producing  a  much  greater 
number.  To  these  brief  details  it  remains  only  to  add  that  so  great  a 
demand  for  space  was  made  by  foreign  exhibitors,  that  the  committee 
gladly  availed  themselves  of  an  offer  of  the  Royal  Dublin  Society, 
whereby  the  extensive  premises  of  the  Society  in  Kildare  Street  were 
set  apart  for  the  exhibition  of  all  such  agricultural  implements  and 
machines  as  should  be  sent  either  by  foreign  or  native  manufacturers; 
and  it  presents  a  very  full  display. 

On  Tuesday,  the  9th  of  May,  the  Dublin  International  Exhibition  was 
formally  opened  by  His  Royal  Highness  the  Prince  of  Wales. 

Up  to  the  present  date,  it  is  stated  that  the  total  number  of  visitors 
have  been  about  300,000. 

Financially,  we  believe,  so  far  the  affair  is  scarcely  a  success ;  but 
as  it  is  not  to  be  closed  before  October,  and  the  holiday-making  has 
scarcely  as  yet  fairly  set  in  (for  since  the  dissolution  of  Parliament  and 
close  of  the  London  season  the  whole  country  has  been  electioneering, 
harvesting,  or  shooting  at  targets),  so  we  may  yet  hope  that  a  con- 
siderable arrear  ma}-  be  pulled  up. 

The  sixty  miles  of  water,  shortened  as  it  is  to  four  and  a  half  hours, 
and  easy  as  is  the  passage  in  those  magnificent  Holyhead  and  Dublin 
strainers,  together  with  the  high  fares  upon  the  London  and  North 
Western  Railway,  have  obviously  operated  unfavourably,  and  it  was  with 
some  surprise  we  remarked  upon  the  occasion  of  the  first  Conversazione 
given  in  the  building  to  the  members  of  the  Institute  of  Mechanical 
Engineers,  when  no  doubt  nearly  all  the  exhibitors  and  season-ticket 
holders  were  present,  how  few  foreign  visitors  there  appeared  to  be. 
It  is  stated,  however,  that  arrangements  have  at  length  been  made  with 
the  several  railway  companies,  at  both  sides  the  Channel,  to  organize 
excursion  groups  of  visitors  at  low  fares  for  the  entire  journey.  We  can 
only  say  the  Dublin  Exhibition  will  well  repay  the  expense  of  a  visit  to 
the  mere  sight-seer,  as  being  in  point  of  size  the  very  perfection  of  an 
industrial  exhibition,  big  enough  to  show  the  characteristics  of  every 
department  fully,  and  yet  not  so  enormous,  like  that  of  18G2,  and  as 
will  no  doubt  be  that  of  Paris  in  18G7,  as  to  fatigue  and  exhaust  the 
attention  and  the  patience,  and  be  only  fully  gone  through  and  studied 
by  those  who  are  compelled  to  it  as  a  mixed  task  and  pleasure. 


Besides  this  advantage  of  judicious  size  and  compactness,  there  has 
been  no  such  collection  of  pictures  made  since  the  Manchester  Fine  Art 
Exhibition  ami  that  of  1862,  and  amongst  the  foreign  pictures,  espe- 
cially those  from  the  North  of  Europe,  are  some  of  surpassing  poetic 
feeling  and  beauty. 

Nor  will  the  manufacturing  visitor,  who  has  his  eyes  open,  and  that 
preliminary  "bread  knowledge"  of  his  own  department  of  work  that  he 
ought,  fail  to  see  much  to  interest,  and  not  a  few  things  that  he  will 
probably  find  new  to  him. 

Of  the  whole  space  in  the  building,  about  one-half  is  occupied  by 
foreign  exhibitors,  and  the  other  half  by  the  British  empire  and  colonies. 

In  the  Great  Concert  Hall  there  is  a  very  large  display  of  musical 
instruments,  stringed  and  brass,  pianofortes,  &c,  and  two  organs — the 
larger  one  by  Hill  ;  the  performance  on  which  enables  the  fine 
acoustic  properties  of  the  hall  to  be  well  judged  of. 

There  is  a  distinct  room  for  the  Mediaeval  Court,  where  those  learned 
in  "  church  millinery,"  or  who  can  recognize  anything  more  than 
absurdity  in  the  priestly  trumpery  of  the  twelfth  and  thirteenth  centu- 
ries, revived  for  "  church  decoration"  in  the  nineteenth,  may  enjoy  their 
ecclesiological  predilections.  There  are  also  other  separate  courts 
or  rooms — one  called,  rather  obscurely,  the  Victoria  Cross  Gallery, 
filled  with  military  pictures  ;  and  two  or  three  for  photographs,  with 
others  for  water-colour  drawings,  architectural  designs,  engravings, 
and  lithography. 

Nova  Scotia  has  come  out  strong  in  display  of  her  mineral  wealth  ; 
one  of  the  most  striking  objects  shown  being  a  square  prism  of  coal  cut 
transversely  from  one  seam  of  good  workable  coal,  of  no  less  than 
36  feet  in  thickness.  Irish  mineral  products  do  not  show  as  largely  as 
could  be  wished ;  still  there  are  many  notable  proofs  of  improvement 
in  quarry  and  mining  enterprise. 

There  are  exhibitions  of  roofing  slates,  very  well  split  and  trimmed, 
from  various  localities,  and  amongst  these  are  slates  in  sizes  from  "  Queen 
Tons"  downwards,  from  Killaloe,  of  the  best  quality  of  any  Irish  slates 
we  have  ever  seen,  and  not  very  much  inferior  to  North  Welsh  slate. 

Amongst  Irish  chemical  manufactures  are  soap  and  candles,  &c, 
from  Messrs.  Barrington  and  Sons;  perfumery,  mineral  waters,  British 
wines,  and  pharmaceutic  produces,  from  Bewley  and  Draper ;  starch, 
dextrine,  laundress'  blue,  artificial  manures;  and  from  Kane  and  Son, 
and  others,  sulphuric  acid  and  soda  in  all  stages  of  manufacture. 

In  a  country  rich  in  sulphur  stone  (iron  pyrites)  as  is  Ireland,  there  is 
no  reason  why  the  "  salt  cake"  manufacture,  and  that  of  vitriol,  and  of 
a  whole  tribe  of  secondary  products,  into  which  these  and  the  educts 
of  their  manufacture  enter,  should  not  become  great  and  expanding 
branches  of  industry.  Coal  near  the  coasts  is  even  now,  as  to  price,  no 
prohibition  to  this;  but  ere  long,  by  the  bringing  into  play  of  dock  and 
railway  projects  already  in  progress  in  Dublin,  coal  over  three-fifths  the 
area  of  Ireland  will  be  reduced  in  price  probably  three  shillings  per  ton, 
if  not  more.  Coal  will  then  not  stand  in  the  way  of  a  great  many 
manufactures  being  carried  on  in  Ireland,  by  reason  of  its  high  price. 

All  that  is  wanted  even  now  is  manufacturing  knowledge,  energy, 
and  industry,  to  introduce  these  and  many  other  descriptions  of  coarse 
manufacture  into  Ireland.  The  obstacles  to  this,  and  to  all  improve- 
ments, are  many,  complex,  and  seldom  seen  on  the  surface.  With  one 
of  the  master  evils  of  Irish  society  this  Exhibition  is,  however,  plainly 
enough  stamped.  It  may  be  truly  and  didactically  said  of  the  Irish,  as 
was  said  by  one  of  old  of  certain  Greek  peoples :  "  I  perceive  that  in 
all  things  ye  are  too  superstitious."  Ireland  has  loved  to  call  itself  the 
Isle  of  Saints;  but  it  would  do  a  deal  better  in  this  world,  and  not  a 
whit  worse  in  the  next,  if  it  gave  less  thought  to  saints  and  liturgies, 
and  more  to  mundane,  working-day  industry.  Sixty  or  seventy  partial 
or  complete  church  holidays  are  said  to  be  "religiously  observed"  by 
idling,  at  the  present  time,  over  more  or  less  of  the  three  most  Romish 
provinces  of  Ireland,  although  the  number  that  thirty  years  ago  gave 
excuse  for  doing  nothing  was  then  greatly  curtailed. 

Such  thoughts  force  themselves  on  the  attention  of  an  English 
observer,  who  notes  the  decided  stamp  of  priestly  dominance,  the 
ultramontane  character  that  the  Fine  Arts  (especially  in  sculpture) 
department  of  the  Irish  Exhibition  bears,  and  sees  the  remarkable  num- 
ber of  idlers  in  priest-cut  garments  and  at  all  times  day  after  day 
strolling  about  the  courts.  More  work  and  less  religion  (in  form  and 
panoply  at  least)  would  be  one  good  thing  for  Ireland  at  least.  Unfortu- 
nately, the  movement  seems  to  he  all  the  other  way. 

Amongst  the  substances  used  as  food  are  the  preserved  meats,  &c, 
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of  Messrs.  Gamble  &  Co.,  of  Cork,  of  the  great  excellence  of  which  we 
can  personally  testily,  having  partaken  about  a  twelvemonth  ago  of 
turtle  soup  that  had  been  actually  nine  years  in  the  tins,  and  was  still 
good  and  palatable. 

There  are  two  large  spaces,  one  devoted  to  machinery  for  direct  use 
— machinery  not  in  motion — aud  to  carriages,  &c. ;  and  the  other  to 
machinery  of  various  sorts  in  motion.  These  are  very  conveniently 
and  creditably  arranged,  and  display  most  of  those  classes  of  industry 
or  mechanical  manufacturing  processes  that  we  have  now  become 
accustomed  to  at  all  exhibitions. 

Steam  fire  engines  are  here  amongst  the  rather  later  improvements 
exhibited  by  Merryweather,  and  by  Shaud  &  Mason,  London.  Sharp 
&  Stewart  show  their  Giffard's  Injectors,  and  many  good  tool  machines. 
There  are  also  tools  by  several  other  makers,  but  nothing  very  novel  or 
remarkable. 

The  Horde  Works,  "Westphalia,  send  fine  samples  of  their  cast-steel 
railway  wheels,  of  boiler  ends  for  cylindrical,  spherical-segment-ended 
steam  boilers,  nearly  seven  feet  diameter,  struck  from  a  single  plate,  with 
the  flange  ready  turned  for  rivetting  to  the  sides.  Krupp,  of  Essen, 
shows  two  large  solid  steel  breech-loading  cannon,  aud  our  own  War 
Department  sends  Armstrong  and  other  guns  aud  munitions,  as  in  18G2. 

Cotton,  flax,  hemp,  and  woollen  machinery  are  all  shown  in  motion. 

There  is  some  very  interesting  stone  sawing  and  planing  machinery 
by  Hunter,  of  Glasgow;  the  saws  being  circular- saws  with  trans- 
posable  teeth,  renewable  easily  when  worn.  We  should  be  glad  here- 
after to  give  a  full  account  of  this  machinery.  Easton  &  Amos'  patent 
slate-dressing  machinery  is  also  worth  examination.  Kennan  &  Son 
show  their  beautiful  and  much  simplified  ornamental  turning  lathes,  and 
fine  Buhl-cutting  saws,  arranged  so  as  to  bring  this  branch  of  work 
within  the  list  of  "  female  employments"  for  which  it  is  eminently  well 
suited,  quite  as  much  so  as  working  with  the  sewing  machine.  Of 
these  latter  machiues  there  is  a  liberal  display.  There  are  two  steam 
engines,  with  more  or  less  novelty  of  arrangements ;  one  by  Kay, 
Phoenix  Foundry,  Bur}*,  Lancashire,  a  horizontal  condensing  engine, 
with  peculiar  expansion  slide  wrought  on  the  back  of  the  usual  cap 
slide,  and  with  separate  exhaust  valves ;  the  expansion  under  control 
of  the  governor — all  simple,  compact,  and  generally  well  designed,  and 
with  attention  to  theoretic  requirements.  The  other  engine  is  a  small 
high-pressure,  by  Hackworth  of  Darlington,  which  is  very  much  upon 
the  plan  and  embraces  most  of  the  improvements  which  made  Mr. 
Porter's  American  engine  at  once  the  most  remarkable  and  the  best 
engine  in  the  Exhibition  of  1862. 

There  are  some  models  from  England  of  marine  and  other  engines 
which  have  been  before  described,  and  need  no  particular  notice.  So 
also,  under  the  head  of  naval  architecture,  are  models  of  great  beauty, 
such  as  those  of  "The  Connaught"  and  "The  Golconda,"  which  do 
not  now  make  "their  first  appearance  on  any  stage."  There  is  a  really 
excellent  display  of  Irish  gun-making,  in  which  Messrs.  Rigby,  with 
Trulock  &  Son,  and  Kavanagh,  all  of  Dublin,  stand  pre-eminent.  There 
are  a  few  optical  and  phdosophieal  instruments  of  much  merit,  of  Dublin 
manufacture,  and  very  many  from  English  and  foreign  exhibitors.  The 
Dublin  tabinets  and  silk  poplins,  and  the  linen  and  mixed  cloths  from 
the  north  of  Ireland,  stand  prominently  forward,  as  do  also  a  few  Irish 
furniture  or  other  velvets. 

As  regards  Ireland  itself,  "  cutlery  and  edge  tools,  iron  and  general 
hardware,"  almost  go  for  nothing.  There  is  certainly  no  reason  why 
spades  and  shovels,  hatchets  and  bill  hooks,  reaping  hooks,  and  even 
scythe*,  might  not  be  manufactured  on  almost  as  good  terms  in  Ireland 
as  in  England.  They  are  the  demands  of  the  country — as  such,  the 
fittest  manufactures  to  start  with  in  a  manufacturing  career. 

Of  the  legion  of  agricultural  implements  shown  at  Kildare  Street,  as 
affiliated  to  this  exhibition,  we  shall  say  nothing,  for  nothing  that  we 
could  say  would  be  very  novel — nor  did  we  see  anything  sufficiently 
novel,  in  a  rapid  survey,  to  justify  comment. 

Glass,  as  a  manufacture,  shows  itself  in  Ireland  by  but  one  exhibitor, 
and  that  in  the  very  lowest  class  of  the  vitreous  industry — viz.,  in  black 
bottles,  not  remarkable  either  for  goodness  of  material  nor  of  form. 
Glass  is  in  truth  one  of  the  manufactures  of  all  others  the  least  likely 
to  be  successful  in  a  country  where  flaming  coal  cannot  be  had  under 
12$.  to  148.  per  ton.  And  yet  there  are  some  specialities  of  manufac- 
ture in  glass  that  might  be  made  with  peculiar  ease  a  great  industry 
in  Ireland  :  for  example,  the  grinding  by  water-power  of  common  optical 
glasses,  for  spectacles,  common  telescopes,  &c,  as  conducted  at  present 
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at  Sheffield,  Newcastle,  and  elsewhere,  might  be  carried  on  well  in  Ire- 
land, where  water-power  aud  the  labour  of  females  and  children  can  be 
had  for  very  small  wages,  and  where  the  raw  material  (fragments  of 
English-made  plate  glass)  costs  little  in  transport,  and  the  manufactured 
article  little  to  convey  it  to  market  also. 

Amongst  the  not  very  numerous  objects  that  in  point  of  novelty 
arrested  our  attention  here,  was  Sturgeon's  improved  steam  hammer,  the 
valve  gear  of  which  is  patented  and  is  peculiar  ;  it  is  self-acting  and  self- 
adjusting,  and  yet  the  hammer  can  be  at  any  moment  wrought  by  hand. 
The  following  notice  is  all  we  can  afford  to  give  of  it : — 

The  peculiar  feature  of  this  hammer  is,  that  the  valve  gear  is  so 
arranged  as  to  take  effect  immediately  after  the  contact  of  the  hammer 
with  the  material,  no  matter  how  rapidly  the  length  of  stroke  requires 
to  be  varied  to  suit  the  variations  in  the  thickness  of  the  matter 
operated  upon.  The  blow  is  delivered,  at  every  stroke,  with  the  full 
force  of  the  steam  above  the  piston,  unchecked  by  any  back  pressure 
on  the  under  side.  The  hammer  is  thus  capable  of  giving  a  rapid  suc- 
cession of  heavy  self-acting  blows,  each  equal  in  effect  to  the  solid  blow 
obtained  from  a  hand-worked  hammer.  By  a  very  simple  arrangement 
the  gear  can  be  set  to  give  a  very  light  self-acting  blow ;  or  to  give 
single  blows,  heavy  or  light,  at  slow  intervals — the  whole  being  under 
complete  control  by  one  handle.  The  gear  is  entirely  free  from  cams 
or  tappets,  which  are  subject  to  heavy  wear  and  tear,  and  contains  only 
a  very  few  separate  working  parts. 

In  1862  several  varieties  of  self-acting  steam  hammers  were  exhibited 
by  the  principal  makers.  A  discussion  on  the  respective  merits  of  dif- 
ferent hammers,  elicited  then  the  following  facts  : — 

1st.  That  in  all  self-acting  motions  in  which  the  valve-gear  was 
worked  directly  from  the  motion  of  the  hammer  itself,  the  effect  of  the 
blow  was  greatly  diminished  by  the  necessary  admission  of  steam  ou  the 
under  side  for  the  return  stroke,  before  the  hammer  came  in  contact 
with  the  material.  In  consequence  of  this  the  hammer  was  caused  to 
give  an  elastic  instead  of  a  dead  blow,  and  to  play  lightly,  though  noisily, 
on  the  surface  of  the  metal,  condensing  and  hardening  the  outer  portion 
or  skin,  and  leaving  the  core  unsound ;  thereby  assisting  the  work  of 
contraction  in  producing  what  are  termed  hollow  forcjings — the  fruitful 
cause  of  almost  every  break-down  and  accident  to  crank  and  main 
driving  shafts. 

2nd.  These  valve  motions  required  to  be  adjusted  and  re-adjusted  by 
the  attendant  as  fast  as  the  thickness  of  the  material  varied  on  the  anvil ; 
the  degree  of  accuracy,  therefore,  in  reversing  near  to  the  metal  was 
made  dependent  on  the  skill  and  judgmeut  of  the  attendant.  For  this 
reason  all  attempts  at  improvement  by  the  application  of  more  sudden 
and  abrupt  reversing  action  were  unavailing,  so  long  as  the  mechauism, 
however  accurate  it  might  be  in  itself,  was  still  subject  to  the  inaccuracies 
and  misjudgments  of  the  workman  in  adjusting  it  to  suit  the  constantly 
varying  thickness  of  the  material.  In  one  of  these  arrangements,  and 
so-called  improvements,  where  the  valves  are  worked  by  the  pressure 
of  the  steam,  the  difficulties  of  the  attendant  are  even  increased  ;  as 
different  adjustments  of  gear  are  required  for  different  pressures  of  steam, 
as  well  as  for  different  lengths  of  stroke.  Self-acting  hammers  require 
quite  as  much  skill  and  attention  to  work  them  as  ordinary  hand  ham- 
mers, and  have  therefore  no  advantage  over  the  latter  in  respect  of 
economy  of  labour. 

For  these  reasons,  the  opinion  has  gained  ground  that  hand-worked 
hammers  are  practically  better  suited  for  general  work  than  self-acting 
hammers;  although  it  must  still  be  admitted  that  a  self-actiug  hammer, 
free  from  the  defects  above  stated,  would  be  of  great  advantage  and 
importance. 

Passing  away  from  this,  we  may  notice  Mr.  Chatwood's  novelties  iu 
the  modes  of  securing  the  doors  of  bankers'  safes,  some  of  which,  we 
think,  deserve  careful  consideration,  and  are  of  much  promise,  but  a 
particular  description  of  which  we  must  reserve  for  illustration  in  a 
separate  article. 

Lastly,  we  must  not  omit,  to  notice  the  very  remarkable  specimens  of 
millboards,  made  from  some  apparently  new  fibrous  material,  shown  ia 
the  Danish  department  by  Culmsee  &  Co. 

The  official  catalogue  has  been  extremely  well  classified  and  got  up, 
though,  we  think,  we  had  occasion  to  notice  a  good  many  omissions, 
probably  of  items  admitted  late.  The  merits  of  the  catalogue  are  no 
doubt  in  a  good  part  due  to  the  energy  and  skill  of  our  old  friend  of 
1862,  Mr.  Iselin,  who  is  general  superintendent  of  the  Dublin  Interna- 
tional Exhibition  also. 
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THE    PRODUCTION    OF    THE    USEFUL    METALS   IN    THE 
UNITED  KINGDOM.     By  Robert  Hunt,  F.R.S. 

IRON  ORE. 

Brown  Haematite,  from  the  Oolite  and  ike  Lias. — The  ores  of  iron  are 
so  numerous,  the  shades  of  difference  between  them  are  frequently  so 
slight,  that  considerable  difficulty  has  arisen  in  dividing  them  into 
groups.  This  has  been  felt  especially  in  relation  to  the  "  brown  iron 
ores,"  which  exhibit  an  almost  infinite  variety ;  between  the  true 
"  brown  haematite  "  of  the  mineralogist — a  beautiful  mineral,  finely 
fibrous  and  richly  brown — and  the  yellow-brown,  ochreous,  earthy 
masses,  which  have  nothing  interesting  about  them. 

Many  of  the  ores  of  which  we  have  now  to  speak  belong  to  the 
latter  class.  They  are  hydrated  sesquioxides  of  iron,  mixed,  in  most 
uncertain  proportions,  with  other  minerals  and  earthy  matter.  Many  of 
these  ores  have  evidently  existed  in  other  conditions,  both  as  it  regards 
their  chemical  composition  and  their  physical  character.  Some  of 
them  have  been  spathic  carbonates,  and  others  have  been  originally 
deposited  as  earthy  carbonates  of  iron,  and  they  have  assumed  their 
present  state  of  oxidation,  under  the  influence  of  atmospheric  changes, 
continued  through  long  series  of  years. 

In  1851  Mr.  Samuel  H.  Blackwell  made  a  largo  collection  of  the  iron 
ores  of  Great  Britain,  which  formed  a  striking  feature  in  Class  I.  of  the 
Great  Exhibition.  In  that  collection  were  two  samples  labelled — 
"  Siliceous  Ironstone  from  near  Northampton."  On  these  ores,  and  on 
the  examples,  which  were  just  then  attracting  attention,  Mr.  Blackwell 
makes  the  following  observations  in  the  "  Illustrated  Catalogue  :" — ■ 

"  The  clay  ironstones  from  the  lias  are  only  just  beginning  to  add 
to  our  iron-making  resources.  They  furnish  an  instance  of  the  unex- 
pected development  of  national  wealth,  arising  from  the  facilities 
atforded  by  railroads."  [The  ores  from  Whitby  and  Middlesborough  are 
then  spoken  of.]  "  Nos.  463-64  are  from  the  Oolite  near  North- 
ampton. They  are  at  present  of  no  commercial  value,  but  are  curious 
as  showing  the  almost  universal  dissemination  of  this  important  ore." 
This  passage  is  in  itself  curious,  as  marking  the  commencement  of  a 
discovery  which  has  opened  new  and  unexpected  sources,  from  which 
enormous  supplies  of  iron  ore  for  our  blast-furnaces  are  now  being 
drawn.  Mr.  Blackwell's  attention  had  been  drawn  to  this  Northamp- 
tonshire iron  ore  by  Dr.  Percy,  to  whom  General  Arbuthnot  had  sub- 
mitted a  sample  fur  examination.  At  the  conclusion  of  the  Exhibition, 
Mr.  Blackwell  visited  the  locality  from  which  the  specimens  exhibited 
had  been  derived,  and  obtained  samples  much  richer  in  iron  than  those 
exhibited.  He  prosecuted  the  inquiry  with  energy,  made  the  first  trials 
of  the  ore  in  his  own  blast-furnaces  at  Russell's  Hall,  and  the  result 
has  been  the  development  of  a  most  extensive  deposit  of  iron  ore. 
Workings  for  this  ore  are  now  established  at  the  following  places : — 
Gayton,  Duston,  Dallington,  Buxworth,  and  Duton,  near  Northampton  ; 
at  Glendon,  near  Kettering ;  Wellingborough ;  Nevil's  Holt,  near 
Market  Harborough  ;  at  Stowe  and  Heyford,  near  Weedon ;  and  along 
the  line  of  the  railway  between  Gayton  and  Blisworth. 

Blast-furnaces  have  been  erected  at  East-end,  Wellingborough,  and 
at  Heyford,  near  Weedon,  where  additional  furnaces  are  now  in  pro- 
cess of  construction. 

This  ore  occurs  in  that  geological  formation  which  is  known  as  the 
"  Northampton  sand "  and  is  generally  regarded  as  the  equivalent  of 
the  "  Stonesfield  slate  " — a  well  known  formation  occurring  at  Stones- 
field  in  Oxfordshire,  underlying  the  Great  Oolite.  Mr.  Aveline  remarks 
on  this,*  "  Although  those  beds  are  supposed  to  be  the  equivalents  of 
the  Stonesfield  slate,  they  do  not  in  the  least  resemble  that  formation 
as  it  occurs  at  Stonesfield ;  but  being  chiefly  composed  of  ferruginous 
sandstone  and  ironstone,  it  has  been  thought  advisable  to  use  for  the 
name  '  Stonefield  slate,'  that  of  '  Northampton  sand,'  after  the  town  and 
county  where  it  is  so  well  developed."  These  sands  were  thought  at  first 
to  belong  to  the  Upper  Lias  clay  ;  but,  according  to  the  authority  just 
quoted,  in  this  district  there  is  no  passage  from  the  clays  of  the  Upper 
l.ias  to  the  sands  that  here  lie  immediately  above  them.  "  On  the  con- 
trary, wherever  a  section  of  their  junction  is  displayed,  it  will  be  found 
that  the  upper  surface  of  the  clay  has  been  much  denuded,  the  sands 
resting  on  an  uneven  surface  of  it.  It  may  be  also  noticed  that  evi- 
dence partly  confirmatory,  but  by  no  means  amounting  to  a  conclusive 
proof  of  this  unconformity,  is  afforded  by  the  varying  thickness  of  the 

*  "  The  Geology  of  Part  of  Northamptonshire."     By  W.  Talbot  Aveline,  F.G.S. 


Upper  Lias  clay.  The  absence  of  the  Inferior  Oolite  and  other  forma- 
tions, has  no  doubt  caused  these  beds  to  be  considered  hitherto  as 
Inferior  Oolite  or  Lias  sand." 

Although  those  iron  ores  have  been  worked  onty  at  the  places  named 
with  any  activity,  yet  there  are  many  other  spots  where  iron  deposits 
have  been  discovered,  and  many  of  them  have  proved  to  be  exceed- 
ingly valuable.  At  Stamford  especially,  a  very  extensive  deposit  is 
known  to  exist,  and  in  several  spots  near  Peterborough  it  has  been 
discovered. 

Within  the  last  few  years  a  remarkable  extension  of  this  ferruginous 
deposit  has  been  traced,  not  only  into  Lincolnshire,  but  as  far  north  in 
that  county  as  Market  Rasen  and  Caistor.  I  first  examined  those  iron 
beds  at  some  workings  near  Kirton-in-Lindsay.  The  portion  exposed 
was  situated  on  one  side  of  a  hollow,  on  each  side  of  which  the  ground 
rose  slightly.  The  iron  ore  was  found  about  a  foot  below  the  culti- 
vated surface.  In  some  places  a  few  inches  only  of  soil  being  removed, 
the  iron  ore  deposit  was  exposed.  This  was  in  a  loose  state  of  aggre- 
gation, the  hardest  masses  being  easily  crushed,  and  by  far  the  largest 
portion  having  the  appearance  of  a  ferruginous  earth.  This  deposit 
varied  in  depth  from  two  to  five  feet ;  but  in  some  places  it  acquires  a 
greater  thickness.  About  ten  miles  north  of  this,  near  Scunthorpe,  far 
more  important  workings  are  in  progress.  At  numerous  points,  trial  pits 
have  shown  the  extent  over  which  these  iron  ores  are  spread ;  but  at 
one  point  a  very  extensive  tract  has  been  bared,  disclosing  a  bed  of 
iron  varying  in  thickness  from  ten  to  fifteen  feet.  On  the  upper  sur- 
face of  the  bed  is  found  a  black  sand,  which  is'  proved  to  be  nearly 
pure  peroxide  of  iron.  Immediately  below  this  the  brown  ore  occurs 
which  is  generally  in  a  slightly  coherent  state,  passing,  however,  here 
and  there  into  toleraby  dense  masses,  which  are  frequently  associated 
with  patches  of  a  peculiar  yellow  stone,  and  occasional  patches  of  car- 
bonate of  lime.  In  many  places  sparry  or  spathose  ore  (ehalybite)  is 
found  in  considerable  purity,  which  leads  to  the  conclusion  that,  in  all 
probability,  this  was  the  original  condition  of  the  mass. 

The  first  impression  on  examining  the  various  beds  of  iron  ore  which 
we  can  now  trace  from  near  the  Humber  to  within  a  few  miles  of 
Oxford  will  be,  that  they  are  the  result  of  deposit  from  water,  as  per- 
oxide of  iron,  in  the  same  manner  as  we  see  ferruginous  springs 
depositing,  as  the  water  is  exposed  to  the  air,  the  iron  which  it  holds 
in  solution.  This  hypothesis  supposes  those  beds  to  be  of  very 
recent  formation,  and  to  have  no  relation  to  the  geological  conditions 
by  which  they  are  surrounded.  When,  however,  we  examine  with 
care  the  sections  of  those  different  iron  ore  deposits,  we  find  reasons  for 
discarding  this  view.  After  the  most  careful  examination  of  all  the 
evidences  afforded  by  the  fossil  remains  which  exist  in  great  abundance 
in  those  ironstone  beds — and  others  above  and  below  them — no  other 
conclusion  can  be  arrived  at,  than  that  those  ferruginous  beds  are  of 
different  ages,  the  result  of  a  recurrence  of  the  same  conditions — but  all 
of  marine  origin.  Probably  they  were  originally  formed  as  carbonates 
of  iron,  and  as  long  as  they  continued  under  the  sea,  or  were  covered 
with  marine  vegetation,  they  would  have  remained  unaltered.  But 
by  any  of  those  changes  which  would  expose  the  beds  more  directly 
to  atmospheric  influences,  the  carbonate  of  the  protoxide  of  iron  would 
be  gradually  decomposed  into  masses  containing  a  varying  quantity  of 
peroxide  of  iron.  The  composition  of  the  ores  found  in  Lincolnshire, 
of  those  raised  in  Northamptonshire  and  in  Oxfordshire,  as  given  in  the 
following  analyses,  proves  their  relation  and  exhibits  their  peculiar 
differences : — 

ANALYSES  OF  NORTHAMPTONSHIRE  IRON  ORE,  MADE  IN  THE  LABORATORY  OF 
THE  MUSEUM  OF  PRACTICAL  GEOLOGY,  BY  DR.  PERCY,  F.U-S. 
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ANALYSES    OF    THE    LINCOLNSHIRE    IKON    ORE,    BY    MR.    J.    TATTIXSON,    OF 
NEWCASTLE,    AND    .AIR.    J.    D.    SoLLITT,    OF   HULL. 
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Similar  ores  of  iron  have  been  discovered  near  Blenheim,  in  Oxford- 
shire, in  the  Marlstone  or  "  Middle  Lias,"  and  although  they  have 
not  hitherto  been  largely  worked,  a  sufficient  trial  of  the  ore  has  been 
made  to  prove  its  value.  Mr.  E.  Hull  has  well  described  the  condi- 
tions under  which  this  iron  ore  occurs.*  Its  outcrop  along  the  valley 
of  the  Evenlode  from  Ashford  Mill  to  Charlbtiry,  may  be  traced  almost 
continuously.  The  average  thickness  of  the  bed  is  six  feet,  but  it  is 
sometimes  more  ;  it  extends  northward  and  southward  of  the  valley;  in 
the  former  case  to  the  valley  of  the  Cherwell,  and  in  the  latter  to  an 
unknown  distance,  but  at  least  as  far  as  the  valley  of  the  Windrush. 
In  the  lane  leading  from  Fawler  to  Tapples  Wood,  on  the  west  side  of 
the  railway,  the  following  section  is  exposed  to  view,  showing  the  strata, 
in  succession  from  the  Great  Oolite  to  the  base  of  the  Marlstone. 

Fig.  1. 

1.  Great  Oolite.     2.  Inferior  Oolite.    3.  Upper  Lias.    4.  Marlstone  Knelt—  Iron  ore  8  ft. 
5.  Marlstone  Sands,  with  balls  of  concretionary  iron  ore. 

The  appearance  of  the  rock  at  the  surface  indicates  its  ferruginous 
nature,  but  at  some  depth,  where  it  has  been  protected  from  atmo- 
spheric influences,  the  ore  is  found  to  be  of  a  green  colour,  and  under 
the  lens  beautifully  oolitic.  This  green  colour  is  probably  due  to  a 
combination  of  silica,  with  a  mixture  of  the  protoxide  and  peroxide  of 
iron.  Upon  exposure  to  the  atmosphere  the  whole  mass  passes  into 
the  state  of  peroxide.  Nine  specimens  of  the  ore  from  the  neighbour- 
hood of  Fawler  have  been  analysed  by  Dr.  Percy.  The  metallic  iron 
in  those  varied  from  13  06  per  cent,  to  38-05  per  cent. ;  the  average 
composition  of  all  the  specimens  being  as  follows : — ■ 

From  From 

Woodstock.  Banbury. 

Peroxide  of  iron, 4467  ...  319 

Protoxide  of  iron,  0-86  ...  12-34 

Protoxide  of  manganese, 0-44  ...  trace 

Lime, 0'29  ...  34'82 

Magnesia, 066  ...  1-67 

Alumina, 7"85  ...  3oG 

Phosphoric  acid, 0-55  ...  0-26 

Carbonicacid 6-11  3192 

Silica. 0-48  ...  213 

Water 1631  ...  1-76 

Ignited  insoluble  residue. 

SiHca, H-gg  __  g-ig 

Alumina, 1-25  ...  0-61 

Metallic  iron 31'94  ll-98 

It  is  evident  that  the  ore  from  Banbury— of  which  the  analysis  is 
given,  as  illustrating  a  peculiar  condition— is  a  limestone,  with  rather  a 
large  proportion  of  oxide  of  iron  in  mechanical  mixture.  It  is  not  used 
in  the  blast  furnace  on  account  of  the  small  quantity  of  iron  which  it 
would  yield ;  still  it  is  interesting  as  affording  an  example  of  a  deposit 
which,  in  some  respects,  resembles  that  at  Froghall,  in  Staffordshire 

*  "  The  Geology  of  the  Country  around  Woodstock,  Oxfordshire."  By  Edward 
Hull,  A.P>.,  F.G..S.     "  Memoirs  of  the  Geological  Survey  of  Great  Britain." 


and  which  may  be  made  available  as  a  mixing  ore  on  account  of  the 
lime  which  it  contains.  When  we  come  to  consider  the  hypothesis 
which  has  been  adopted  to  explain  the  present  state  of  the  beds  of  iron 
ore  at  Cleveland,  it  will  be  well  to  bear  in  remembrance  this  ore  of 
Banbury,  and  the  remarkable  ore  at  Froghall  described  in  the  last 
paper. 

In  Wiltshire,  an  iron  ore  is  found  in  the  upper  beds  of  the  Coral 
Rag,  which  are  extensively  worked  for  iron  at  Westbuty.  The  accom- 
panying section  will  fully  explain  the  conditions  under  which  this  ore 
is  found : — 

Fig.  2. 


SECTION    OF-   IRON     ORE  AT    WESTBURY  —    WILTS. 


There  are  three  blast-furnaces  at  Westbury,  and  upwards  of  79,000 
tons  of  this  ore  are  smelted  annually.  For  some  time  iron  ore  was 
worked  at  Seend,  also  in  Wiltshire,  and  two  iron  furnaces  were  built, 
but  they  are  idle.  The  Seend  ore  occurs  in  the  Lower  Greensand,  and 
is  a  highly  siliceous  earthy  hydrated  sesquioxide  of  iron — its  analysis 
giving  53-43  of  sesquioxide  of  iron  and  24'81  of  silica. 

Argillaceous  Iron.  Ores  from  the  Lias. — It  is  curious  that  men  are 
disposed  to  refer  nearly  all  valuable  discoveries  to  accident;  and  thus 
we  find  numerous  tales  told  of  the  discovery  by,  as  it  is  said,  the  purest 
accident  of  the  value  of  the  Cleveland  ironstone.  The  history  of 
science,  and  the  history  of  the  arts,  equally  prove  the  fallacy  of  this, 
and  tend  to  confirm  the  assertion  that  no  discovery  of  any  value  in 
science  or  in  the  arts,  ivas  ever  made  by  accident.  The  presence  of  slags 
over  a  wide  district,  extending  from  the  Tees  to  Whitby,  prove  that 
some  varieties  of  the  North  Yorkshire  iron  ores  were  smelted  by  our 
ancestors,  when  their  metallurgical  operations  were  of  the  rudest 
description.  The  date  of  these  works  is,  however,  uncertain.  In  1790 
an  attempt  was  made  to  introduce  the  iron  ore  of  Whitby  to  the  manu- 
facturer. In  1811,  ironstone  was  sent  from  near  Upsal  to  some  iron 
works  on  the  Tyne,  and  pronounced  to  be  "good  for  nothing."  In 
1812,  Mr.  Thomas  Jackson,  of  Lazenby,  "  opened  out  and  laid  bare 
the  full  height  of  this  ironstone  in  Lazenby  Banks.  This  place  now 
forms  part  of  the  Eston  ironstone  mines,  and  thus  Eston  and  Normanby 
can  lay  claim  to  the  earliest  application,  if  not  discover}7,  of  this  stone.''* 

The  first  printed  notice  of  the  Cleveland  ironstone  is  to  be  found 
in  Young  and  Bird's  "  Geology  of  the  Yorkshire  Coast,"  published  in 
1822.  They  infor  m  us  that  the  ferruginous  beds  in  the  lias  "  contain 
a  large  portion  of  iron,  which  some  have  estimated  as  from  30  to  GO  per 
cent.  Quantities  of  the  ore  had  been  collected,  and  conveyed  to 
Newcastle  to  be  smelted  at  the  foundries."  Professor  John  Phillips, 
in  1 835,  speaks  of  this  "  Ironstone  and  Marlstone  series,  consisting  of 
ironstone  bands,  which  are  numerous  layers  of  finely  cemented  nodules 
of  ironstone,  often  septariate,  and  inclosing  coniferous  wood,  pecteti, 
avicula,  terebratula,  twenty  to  forty  feet  thick."  It  is  evident  from 
these  that  the  commercial  value  of  the  main  seam  of  Cleveland  was 
then  unknown.  The  Tyne  Iron  Company  of  Newcastle  had  obtained 
ironstone  from  the  Yorkshire  coast  for  more  than  sixty  years;  but 
owing  to  its  having  been  imperfectly  selected  of  late  years,  they  received 
"cement  stones"  and  "dogger"  with  the  ironstone.  This  led  to  the 
manufacture  of  bad  iron,  and  they  reported  unfavourably  of  the  ore. 
In  1827,  Mr.  Joseph  Bewick,  who  was  employed  by  the  Birtley  Iron 
Company  in  working  some  ironstone  mines  at  South  Hylton,  and  near 
Tynemouth,  was  sent  by  that  company  to  make  a  survey  of  the  York- 
shire coast,  and  to  report  on  the  ironstones  found  between  the  Tees  and 
Flamborough  Head.  Mr.  Joseph  Bewick  strongly  urged  his  employers 
to  secure  a  tract  at  Kettleness,  near  Whitby,  belonging  to  the  marquis 
of  Normanby,  where  "  many  acres  of  the  peeteu  seam  (heretofore  con- 
sidered as  limestone)  were  washed  bare  by  the  sea,  and  only  required 
to  be  broken  up  and  shipped  off  from  the  beach,  the  situation  being 
favourably  sheltered  for  the  purpose."  The  Birtley  Company  did  not 
act  upon  this  suggestion,  and  it  was  not  until  1837  that  the  Wylan 

*  "Cleveland  Ironstone,"  by  John  Marley,  North  of  England  Institute  cf 
Alining  Engineers. 
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Iron  Company  commenced  operations,  under  the  directions  of  Mr. 
Bewick,  at  Kettleness,  at  Stailhes,  and  in  1839  mining  operations  were 
extended  to  Grosmont.  The  Whitby  Stone  Company  became  the 
lessees  of  this  property,  and  workings  were  fairly  commenced  in  1840, 
and  have  been  continued  up  to  the  present  time.  In  1845  there  were 
five  blast-furnaces  using  this  Whitby  ironstone,  and  in  1846  Messrs. 
Bolchow  and  Vaughan.  who  had  erected  four  blast  furnaces  at  Witton 
Park,  in  the  county  of  Durham,  commenced  using  this  ore.  This 
"  pecten  bed  "  of  the  Whitby  district  was  traced  by  several  explorers 
in  different  parts  of  the  district,  and  in  1850  the  North  Cleveland  open- 
ings were  made  at  Eston,  by  Messrs.  Bolchow  and  Vaughan,  where  the 
main  seam  of  ironstone  was  found  to  be  sixteen  feet  thick.  "  The 
great  sensation  and  excitement  in  the  public  mind  which  these  opera- 
tions occasioned  at  the  time,  will  still  be  fresh  in  the  memories  of  many. 
The  immense  thickness  of  the  beds  discovered,  the  surprising  quantity 
of  stone  produced  daily  from  them,  together  with  the  low  cost  of 
obtaining  it,  formed  a  common  topic  of  conversation  amongst  the 
iron -manufacturing  community  in  almost  every  part  of  the  United 
Kingdom."* 

This  remarkable  deposit  of  iron  ore  may  be  traced  by  its  outcrop  for 

Fig.  3. 
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Marlstone  series  to  which  it  belongs,  by  the  Upper  Lias  shale,  which  is 
well  known  as  being  the  formation  in  which  jet  is  found,  and  from  the 
application  of  some  of  the  beds  to  the  manufacture  of  alum.  The  great 
Lias  bed  is  finely  developed  at  Eston  near  Middlesborough,  where,  as  well 
as  for  some  miles  to  the  southward,  the  iron  ore  is  actively  worked.  The 
following  plan  will  convey  a  tolerably  correct  idea  of  the  mode  of 
occurrence  of  the  ironstone  at  this  point ;  and  aided  by  the  section  copied 
from  one  published  by  Mr.  Marly,  few  will  fail  to  comprehend  the  condi- 
tions under  which  it  is  found. 

These  beds,  known  commonly  as  the  Pecten  and  Avicula  beds,  are 
worked  in  numerous  places  between  the  Tees  and  Whitby,  preserving 
the  same  general  character  throughout  this  extensive  range. 

Let  us  attempt  a  general  sketch  of  the  locality  over  which  this  iron  ore 
is  known  to  exist.  At  Grosmont,  near  Whitby,  are  found  two  seams 
known  as  the  Pecten  and  the  Avicula  beds.  The  former  consists  of  3 
feet  of  ironstone,  divided  in  the  middle  by  a  band  of  shale.  Then  there 
occurs  a  bed  of  shale  30  feet  thick,  and  then  the  other,  or  the  Avicula 
bed,  which  contains  4J  feet  of  ironstone ;  those  two  bands  uniting,  and 
increasing  in  richness  as  they  are  traced  northward,  form  the  main 
Cleveland  seam.  In  the  northern  portion  of  the  field  the  bed  is  very 
irregular  in  its  character.  At  Codhill  the  ironstone  bed  is  thick,  but  has 
so  much  shale  running  through  it  that  it  is  found  necessary  to  confine  the 
mining  section  to  5|  feet.  At  the  Belmont  mines  to  the  east  of  this,  the 
seam  increases  to  7^-  feet  in  height,  and  it  has  also  become  richer  for 
iron.  At  Skelton  the  workings  are  frequently  10  feet  high,  and  the 
ore  gives  36  per  cent,  of  iron.  At  the  western  edge  of  the  ridge 
separating  the  vale  of  Guisborough  from  the  valley  of  the  Tees  are 

Fig.  5. 


Fig.  4. 

miles  along  the  escarpments  of  the  Cleveland  hills.  Above  the  flat  land 
which  extends  from  Redcar  to  Middlesborough-on-Tees  there  crops  out  a 
solid  stratum,  often  15  feet  thick,  of  this  ironstone.  Although  it  con- 
tains nearly  30  per  cent,  of  iron,  its  appearance  is  so  much  like  that  of 
an  ordinary  sandstone,  that  it  is  not  surprising  it  was  for  so  long  a 
period  overlooked.  It  is  a  deposit  of  a  green  or  grey  colour,  having 
generally  an  oolitic  structure,  and  containing  numerous  well  known  fossils 
of  the  marlstore,  especially  Bclcmiritcs  and  Pecten  (equivalis.  This 
extraordinary  seam  of  ironstone  extends  over  a  region  of  several 
hundred  of  square  miles,  gradually  diminishing  in  thickness  as  it  advances 
southward  to  Thurso  and  New  Malton.  It  is  capped  by  sandy  shales 
containing  scattered  nodules  of  ironstone,  and  ultimately,  above  the 
*  Bewick,  "  Geological  Treatise  of  the  Districts  of  Cleveland." 


the  Normanby  mines,  where  the  workings  are  8  feet  thick,  and  the 
ore  on  the  average  contains  32  per  cent,  of  iron.  There  is  a  general 
dip  of  the  seam  to  the  east  from  this  point,  a  gradual  increase  in  thick- 
ness, and  an  improvement  in  quality.  It  continues  in  this  way  past 
,c„p  Eston  and  Upleatham,  where  it  attains  a  thickness  of  nearly  18  feet. 
It  then  again  splits  into  bands,  and  resumes  towards  the  east  and 
south,  the  same  characters  as  are  observed  at  Grosmont.  The 
Upleatham  section  is  a  very  instructive  one. 
Mr.  Bewick  has  gone  fully  into  the  question  of  the  duration  of  this 
ironstone  field.  He  says  the  nett  quantity  of  ironstone  obtainable  will 
be  1 7,934  tons  per  acre ;  this  X  640  acres  per  mile  X  420  square  miles= 
4,820,659,200  tons.  Two  hundred  blast-furuaces  would  consume 
7,000,000  tons  of  iron  ore  per  annum ;  therefore  the  main  seam  of  iron 
ore  may  be  supposed  to  meet  the  assumed  demand  for  680  years.  Mr. 
T.  Lowthian  Bell,  however,  remarks  that,  although  the  quantity  of 
ironstone  in  the  main  Cleveland  seam  is  practically  inexhaustible,  "  the 
portion  which  in  recent  years  has  yielded  such  immense  quantities  of 
rich  mineral,  as  far  as  we  can  at  present  judge,  occupies  comparatively 
a  very  limited  area." 

After  this  description  of  the  Cleveland  and  Whitby  beds  of  iron  ore,  it 
will  not  be  uninteresting  to  consider  the  probable  origin  of  these  remark- 
able and  in  every  way  valuable  deposits.  We  have  seen  that  this  ore  is 
composed,  to  a  great  extent,  of  carbonate  of  the  protoxide  of  iron.  Now 
we  know  that  such  a  deposit  could  not  be  formed,  unless  it  was  precipi- 
tated from  water  charged  with  carbonic  acid  in  excess,  or  with  vegetable 
matter  which  was,  in  the  process  of  decomposition,  giving  out  large  quan- 
tities of  this  gas.  We  have  no  evidence  that  such  conditions  as  those  ever 
prevailed  to  the  required  extent,  over  this  district,  when  those  ironstone 
beds  were  being  formed.      Mr.  Sorhy  has  directed  attention  to  the  fact, 
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that  if  the  ironstone  be  carefully  examined,  it  will  lie  seen  that  it  con- 
tains, more  or  less,  entire  portions  of  shells.  In  some  cases  these  are 
still  of  their  original  composition,  and  consist  of  carbonate  of  lime,  but 
in  others  they  are  changed  to  carbonate  of  iron.  "  The  microscopical 
investigation  of  a  thin  transparent  section  of  the  stone  sbows  far  more 
clearly  that  the  minute  fragments  of  shell  have  been  similarly  altered  ; 
the  replacing  carbonate  of  iron  extending,  as  yellowish  obtuse  rhombic 
crystals,  from  the  outside  to  a  variable  distance  inwards,  often  leaving 
the  centre  in  its  original  condition,  as  clear  colourless  carbonate  of  lime, 
though  in  many  instances  the  whole  is  changed.  The  oolitic  grains 
likewise,  have  such  peculiarities  as  indicate  that  they  were  altered 
after  deposition."*  Mr.  Sorby  gives  the  analysis  of  a  shell  from  the 
Inferior  Oolite  of  Robin  Hood's  Bay,  the  composition  of  which,  as  dried 
at  the  ordinary  temperature,  was — 

Carbonate  of  protoxide  of  iron, 7S'0 

Carbonate  of  lime, 5*2 

Carbonate  of  magnesia, ..  3'1 

Peroxide  of  iron,  10'9 

Water, 21 

Carbonaceous  matter, 0"1 

Quartz  substance, (VG 

100-0 
This  shell,  which  is  almost  entirely  carbonate  of  iron,  must  have  been 
originally  composed  of  carbonate  of  lime,  with  but  a  very  small  admixture 
of  any  other  substance.  In  all  respects  the  matrix  from  which  this 
shell  was  taken  resembled  the  iron  ore  beds  of  Cleveland  ;  therefore  the 
evidence  of  substitution  in  one  case  holds  perfectly  good  iu  the  other. 
The  Cleveland  iron  ore  was  deposited  probably  as  an  oolitic  limestone, 
not  very  unlike  the  limestone  deposits  of  many  coral  reefs,  interstratified 
with  ordinary  clays,  containing  a  large  amount  of  the  oxides  of  iron  and 

Fii 


organic  matter.  By  their  mutual  reaction  these  would  give  rise  to  a 
bicarbonate  of  iron  which,  in  solution,  percolating  through  the  limestone, 
would  remove  a  large  part  of  the  carbonate  of  lime,  and  leave  in  its 
place  carbonate  of  iron. 

In  the  history  of  the  iron  trade  of  this  country  no  more  remarkable 
development  of  any  special  industry  can  be  recorded,  than  that  of  the 
Cleveland  iron-ore-producing  district  in  the  West  Riding  of  Yorkshire. 
In  1850  Messrs.  Bolchow  and  Vaughan  commenced  operations  in  the 
Eston  district.  This  was  the  first  really  practical  working  on  this 
important  mineral  field,  and  the  following  list  represents  the  condition 
at  the  present  time.  Some  idea  may  be  formed  of  the  enormous  quan- 
tities of  iron  ore  existing  in  the  hills  of  Cleveland. 

1862,                      1863.  1864. 

Eston  Mines, 608,420  ...     633,206  ...  639,404 

Hntton  Law  Crop, 69,626  ...     124,606  ...  171,727 

Upleatliam, 433,139  ...     573,618  ...  689,940 

Normanby, ...),„                  /140.348  ...  148,417 

Skelton >   ii0>,!>a  ■■■  \1G3,933  ...  208,038 

Port  Mulgrave, 93,900  ...     135,530  ...  140,000 

Bagnall's  Mines, 500  52,500 

East  Grosmont, 11.554  ...  11,540 

Rosedale  Abbey, 219,123  ...     224,889  ...  297,576 

Hinderwell 5,000  

Bird's  &  Birtley 15,000  ...       17,540  ...  12,559 

Hays,  Grosmont 8,500  ...       50,000  ...  14,209 

Esk  Valley, 1,000  ...         3,400  ...  2500 

Mr.  T.  Lowthian  Bell  informs  us  that  previous  to  1850  there  existed 
on  the  east  coast  thirty-eight  blast-furnaces.  In  1863  there  were  108, 
and  seventeen  more  were  building,  while  in  connection  with  these  there 
were  no  less  than  646  pnddling-furnaces. 

Having  described  the  most  recent,  discovery  of  iron  ores  in  this 
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country,  it  will  prove  interesting  to  examine  the  relative  geological  posi- 
tions of  these  deposits  respectively  at  Cleveland,  Whitby,  Lincolnshire, 
Northamptonshire,  and  Oxfordshire. 

With  these  sections  before  him,  the  reader  will  not  require  any  further 
explanation  of  the  order  of  occurrence  than  has  been  already  given. 

*  Sorby,  "  On  the  Origin  of  tlie  Cleveland  Hill  Ironstone."     Proceedings  of  tl  o 
Geological  and  Polytechnic  Society  of  Yorkshire. 


These  sections  are  given  without  the  details — which  might  easily  have 
been  included,  since  they  have  all  been  published — it  having  been 
thought  advisable  to  confine  attention  entirely  to  the  relative  positions 
of  the  ironstone  bands  in  each  district. 

The  following  analyses  of  a  few  of  the  iron  ores  of  the  lias  of  North 
Yorkshire,  clearly  exhibit  their  chemical  character  and  their  relations 
to  the  others  already  described  : — 
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Cleveland.      South  Bank.    Eston  Nab.     ^Sont?' 


Protoxide  of  iron, 

Sesquioxide  of  iron 

Protoxide  of  manganese, 

Alumina, 

Liine, , 

M  agnesia, 

Potash, 

Silica, 

Carbonic  acid, 

Phosphoric  acid, 

Water, 

Insoluble  matter, 


•92 
GO 
•95 
•86 
■44 
02 
•27 
•12 
•85 
•86 
•97 
■64 


43-02 
2-86 
0-40 
6-87 
5-14 
5-21 

7-12 

25-50 
1-81 
3-44 
0  05 


43  35 
1-20 

9-88 
0-58 
5-35 

7-65 

2296 

3-87 

914 


22  30 

0-50 

210 

11-80 

3-96 


24-40 
0-30 
3-20 

30-96 


Metallic  iron 33-62     ...     35-46     ...     34  54     ...      17-34 

Spathose  Iron  Ores. —  Chalybite. — Sparry  Carbonate  of  Iron. — Until 
within  the  last  few  years,  the  spathic  carbonates  of  iron  were  regarded 
as  almost  useless.  They  were  rarely  worked,  except  in  connection 
with  the  lead  veins,  and  then  they  were  generally  cast  aside  as  refuse. 
When  it  is  recollected  that  the  celebrated  "steel  irons"  of  Siegen, 
Styria,  and  Carinthia  have  always  been  produced  from  the  spathose 
ores — it  appears  difficult  to  account  for  the  neglect  of  those  ores  in  this 
country.  Mr.  Charles  Attwood,  of  the  Tow  Law  Works,  must  be 
regarded  as  the  introducer  of  those  ores,  in  our  own  time,  to  the  iron- 
master. At  Weardale  those  ores  occur  in  veins  in  the  mountain  lime- 
stone, frequently  associated  with  lead  and  zinc  ores.  Mr.  Smyth  has 
some  interesting  remarks  on  the  mode  of  occurrence  of  those  "  sparry" 
ores  in  these  veins : — "  When  we  look  to  the  successive  introduction  of 
the  various  minerals  which  have  filled  these  interesting  veins,  it  is 
evident  that  the  carbonate  of  iron  has  been  one  of  the  latest  comers. 
Many  of  the  specimens  exhibit  it  investing  as  a  crystalline  incrustation 
the  previously  formed  crystals  of  flnor  spar  and  galena;  and  the  striking 
manner  in  which  it  is  found  to  coat  only  those  surfaces  which  face  in  a 
particular  direction,  is  well  worthy  of  attention  in  the  study  of  those 
obscure  phenomena.  In  other  cases,  fragments,  either  of  the  rocky 
sides  of  the  fissure,  or  of  a  pre-existing  vein,  have  been  cemented 
together  by  the  carbonate  as  a  paste,  and  hence  it  ensues,  that  whether 
introduced  subsequently,  or  as  in  many  cases  simultaneously  with  other 
ores,  it  is  very  difficult  to  separate  it  from  portions  of  galena  and 
zinc  blende,  in  preparing  it  mechanically  for  the  smelting  furnace." 
At  Weardale  the  spathic  ore  is  often  found  associated  with  brown  iron 
ore — the  hydrated  peroxide;  the  latter  resulting,  without  doubt,  from 
the  joint  effects  of  atmospheric  and  aqueous  action  on  the  former.  The 
following  analyses  of  the  two  varieties  will  show  the  composition  of 
both  kiuds  of  the  Weardale  ore : — 

Spathose. 

Protoxide  of  iron 49  77  

Peroxide  of  iron, -81  

Protoxide  of  manganese, 193  

Lime, 3  96  

Magnesia, 2-83  

Alumina, —  

Carbonic  acid, 37'20  


Metallic  iron, 38-95 


own  Ore. 

71  11 

6-60 

•56 

1-90 

•40 

•12 

4978 


The  character  of  the  iron  produced  from  these  ores  is  of  a  marked 
kind,  highly  crystalline,  and  affording  bar  iron  of  excellent  quality.  The 
composition  of  a  description  of  iron,  which  approaches  in  its  properties 
the  charcoal  irons  of  Germany  and  Sweden,  should  draw  the  attention 

A  few  analyses  of  the  metallic  iron 


of  the  English  iron-masters  to  it. 
will  be  interesting  :  — 

German 
Spiegeleisen. 

Iron, 82-11  .. 

Carbon, 4-77  .. 

Silicon, *82  .. 

Manganese 11*12  .. 

Sulphur, *74 

Phosphorus, '13 

Copper, *31  .. 


"Weardale 
White  Spiegel. 

96-775  ... 

2-092  ... 

•882  ... 

021  ... 

•229  ... 


Swedish 
Iron. 

95-27 
4-02 

•08 
•10 
•30 
•05 


Weardale 
Iron. 

99-510 
■065 
•140 


trace. 


100-000  99-999  100000  99999 

Similar  ores  have  been  discovered  in  Somersetshire.  The  late  Mr. 
E.  Rogers,  taking  a  hint  from  the  exhibition  in  1851  of  spathose  iron 
ores  by  Austria,  and  by  the  Prussian  province  of  Liegen,  proceeded  to 
explore  that  highland  range  of  Devonian  rocks  known  as  the  Brendon 
Hills.  Numerous  trials  had  been  made  over  this  district  by  the  Cornish 
miners  to  find  copper.     They  were  disappointed  ■  and  the  masses  of 


mineral  which  filled  the  veins  were  neglected.  Leases  of  this  property 
were  secured,  and  an  important  development  of  spathose  iron  ore  and 
brown  ore  has  been  the  result.  Running  almost  parallel  with  the  shore 
of  the  Bristol  Channel,  there  are  several  lodes,  which  stretch  over  a 
large  area  with  tolerable  uniformity.  These  have  been  worked  at 
intervals,  and  traced  from  Raleigh's  Cross,  south  of  Watchet,  over  a 
length  of  nine  miles  to  Eisen  Hill.  The  name  of  this  hill  clearly  indi- 
cates that  the  German  miners — who  were  brought  over  to  work  the 
mines  of  this  country  by  Queen  Elizabeth — had  already  discovered  this 
valuable  deposit  of  iron  ore.  On  Exmoor,  near  Simonsbath,  several 
explorations  have  been  made,  and  excellent  ore  has  been  obtained. 
Notwithstanding  the  large  quantity  of  chalybite  which  must  exist  over 
this  tract,  it  is  not  at  present  worked,  and  until  the  district  is  connected 
with  the  sea  by  a  railway  it  must  remain  as  a  treasure  in  reserve.  At 
the  Brendon  Hills  the  Ebbw  Vale  Company  are  working  with  much 
activity.  The  openings  on  the  hills  are  generally  at  a  height  of  from 
1000  to  1200  feet  above  the  level  of  the  sea;  and  cross-cut  levels  have 
been  driven  for  draining  the  mines,  as  well  as  to  intersect  fresh  veins  of 
ore.  At  Raleigh's  Cross  the  mine  has  reached  a  depth  of  about  300  feet; 
the  lode  varying  considerably  in  size — from  6  feet  to  as  much  as  23  feet. 

The  quantity  of  ore  obtained  at  the  Brendon  and  Eisen  Hills  was, 
iu  1862,  29,321  tons ;  in  1863,  32,209  tons ;  and  in  1861,  36,385  tons. 

A  somewhat  similar,  and  even  yet  more  remarkable  deposit  of  sparry 
iron  ore  and  brown  iron  ore,  exists  in  the  parish  of  Perranzabuloe  in 
Cornwall.  In  the  northern  corner  of  Perran  bay,  the  mineral  lode  is 
seen  in  the  cliffs,  where  it  is  altogether  about  100  feet  wide.  It  here 
assumes  rather  the  character  of  two  lodes,  there  being  a  narrow  channel 
of  clay-slate  rock  between  the  deposits.  These  lodes,  however,  dip  at 
different  angles,  and  therefore  become  one,  at  a  short  depth  from  the 
surface.  This  remarkable  mass  of  iron  ore  has  been  traced  for  several 
miles  inland,  and  has  been  worked  at  four  or  five  places.  As  is  usual  in 
all  the  districts  to  which  reference  has  been  made,  the  deposit  consists  of 
brown  iron  ore  near  the  surface,  which  gradually  beoomes  more  and  more 
purely  a  carbonate  of  iron  in  depth.  This  "sparry"  ore  is  found  to 
contain — very  irregularly  distributed  through  it — lead,  zinc,  and  copper 
in  small  quantities.  The  presence  of  those  metals  has,  it  is  said,  created 
some  prejudice  against  the  use  of  this  carbonate  of  iron.  This  must, 
however,  be  a  prejudice  which  enlarged  trials  will  remove,  seeing  that 
the  best  "steel  ore"  of  Siegen  is  in  precisely  the  same  condition.  The 
difficulty  of  shipping  this  ore  on  the  exposed  north  coast  of  Cornwall, 
and  the  necessity,  therefore,  of  carting  it  for  several  miles,  stands  at 
present  in  the  way  of  its  full  development.  The  iron  lode  of  Perran- 
zabuloe is  without  doubt  one  of  the  most  remarkable  existing  in  this 
country. 

The  argillaceous  iron  ores  (clayband  and  blackband)  of  our  coal 
measures,  have  been  too  minutely  described  to  require  any  special  notice 
at  present.  There  are,  however,  some  peculiarities  connected  with  the 
mode  of  occurrence  of  these  ores,  and  in  the  chemical  and  physical  con- 
stitution of  the  ores  themselves,  which  deserve  more  especial  attention 
than  they  have,  notwithstanding  their  abundance,  yet  received.  Perhaps, 
on  some  future  occasion,  it  may  be  allowable  to  return  to  the  consider- 
ation of  several  curious  questions  which  are  now  eliciting  attention,  in 
connection  with  the  iron  ores  of  the  coal  measures.  In  concluding  this 
division  of  the  subject  of  the  useful  metals  of  our  own  country,  we  can- 
not more  completely  show  the  importance  of  our  iron  industry  than  by 
giving  the  production  of  iron  ores  and  pig  iron  for  the  last  five  years : — 


1860 
1861 
1862 
1863 
1864 


Iron  Ore. 
Tons. 

8,024,205 
7.215,518 
7,562,240 
9,088,960 
10,064,890 


Value. 
£ 

2,466,929 
2,302,371 
2,399,739 
3,240,789 
3,367,144 


Pip;  Iron. 
Tons. 

3,826,752 
3,712,890 
3,943,409 
4,510,040 
4,767,951 


Value. 
S. 

10,703,950 
9,280,975 
12,224,754 
11,275,100 
11,919,877 


COUVREUX'S  EXCAVATOR,  AS  MODIFIED  BY 
MM.  LENCAUCHEZ  AND  POUCHET. 

The  enormous  earthworks  carried  out  during  the  present  century,  both 
in  connection  with  railways  and  canals,  have  on  many  occasions  given 
rise  in  the  minds  of  engineers  to  the  employment  of  machine  in  place 
of  hand  labour,  for  the  purposes  of  excavating  or  cutting  away  the  parts 
requiring  removal.  Several  machines  have  been  employed  in  the  work 
of  excavating  for  the  Suez  canal.     We  now  desire  to  draw  attention 
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to  the  most  recent  form  of  apparatus  of  the  kind  which  has  been  per- 
fected by  MM.  Lencauchez  and  Ponchet ;  although  the  principal 
features  appear  to  have  emanated  from  M.  Couvreux,  a  contractor 
who  has  carried  out  many  public  works  in  Egypt,  and  indeed  has  exe- 
cuted a  portion  of  the  earthwork  for  the  Suez  canal. 

M.  Couvreux  has  five  of  these  machines  in  active  use  in  Egypt  at  the 
present  time,  which  are  of  a  construction  analogous  to  those  employed 
by  him  on  the  Cheruiu  de  fer  des  Ardennes  in  1859  ;  still  the  machines 
now  employed  are  improvements  upon  the  former. 


Each  machine  is  capable  of  doing  the  work  of  fourteen  to  twenty 
horses.  The  apparatus,  delineated  by  figs.  1  and  2,  may  be  thus  de- 
scribed ;  fig.  1  being  a  side  elevation,  and  fig.  2  a  plan  of  the 
excavator  as  applied  to  the  removal  of  earth  for  a  railway  cutting. 
The  frame-work,  marked  A,  is  mounted  upon  six  rollers,  o,  which 
travel  on  a  pair  of  temporary  rails  laid  alongside  the  cutting;  the 
whole  is  covered  in  by  a  corrugated  iron  roof,  thus  producing  a  travel- 
ling shed.  At  the  hack  part  of  this  shed  is  fixed  a  steam  boiler,  C,  by 
which  the  horizontal  engines,  l,  are  driven.     Keyed  on  one  end  of  the 


crank  shaft  is  the  pinion,  K.,  which  gears  into  the  spur  wheel,  I,  un  the 
top  bucket  shaft;  whilst  to  the  opposite  end  of  the  crank  shaft  a  light 
spur  wheel  is  fixed,  gearing  into  a  set  of  wheels  for  moving  one  set  of 
the  traversing  wheels,  o,  as  more  particularly  seen  in  the  plan,  fig  2. 
A  crane,  N",  is  attached  to  the  traversing  frame-work,  and  by  means 


of  its  chain,  which  is  lifted  or  lowered  by  the  gearing  at  E,  the  chain 
of  buckets,  h,  is  lowered  or  depressed.  The  chain  of  buckets  are  kept 
in  working  position  by  passing  over  the  top  and  bottom  bucket  shafts 
at  each  end  of  the  beam,  E.  The  upper,  or  that  half  of  the  chain 
which  is  not  excavating,  receives  additional  support  from  the  carrying 
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rollers,  /.  A  second  set  of  rails  is  kid  midway  between  those  upon 
which  the  excavator  travels,  and  on  this  second  set  the  trucks  for  the 
conveyance  away  of  the  spoil  traverse. 

The  buckets,  H,  are  peculiarly  adapted  for  emptying;  it  will  be 
observed  that  the  links  of  the  chain  are  each  equal  in  length  to  half 
the  length  of  the  flat  or  back  part  of  the  buckets  ;  or,  in  other  words, 
the  length  of  the  buckets  is  equivalent  to  two  links.  To  two  links  then 
of  the  chain  each  bucket  is  fastened,  the  lower  half  of  the  back  of  the 
bucket  being  movable  on  a  hinge.  As  any  one  of  the  buckets  passes 
over  the  top  bucket  shaft,  the  two  links  of  the  chain  become  set  at 
right  angles  to  each  other,  consequently  causing  the  bucket  itself  and 
lid  to  assume  the  same  position  ;  while  thus  the  buckets  pass  over  this 
top  bucket  shaft  they  are  emptied,  and  the  spoil  falls  into  the  truck 
below. 

According  to  the  report  of  some  French  engineers,  the  economy 
of  excavating  by  Couvreux's  apparatus  is  very  great  as  compared  with 
hand  labour,  and  we  have  heard  expressions  taunting  British  engineers 
with  tardiness  in  adopting  some  such  means.  British  engineers,  how- 
ever, seldom  go  in  for  novelties,  unless  sure  of  ultimate  success ;  nor 
have  they  at  home  whole  deserts  of  sand  to  cut  through  !  So  far  as 
we  can  learn  on  positive  authority,  the  mechanical  excavator  has  not 
been  used  upon  any  hard  or  stubborn  soil,  and  we  doubt  if,  in  its  present 
form,  it  ever  will.  By  these  remarks  we  intend  not  any  disparagement 
to  the  ingenuity  which  has  produced  it,  for  in  sandy  or  soft  soils,  free 
from  boulders  and  other  large  obstructions,  it  may  be  the  means  of 
considerably  cheapening  the  cost  of  excavation. — V.  D. 


AMERICAN  PATENT  LAW. 

We  have  received  from  Mr.  H.  Howson,  patent  agent  of  Philadelphia, 
a  bundle  of  papers  containing  abstracts  of  certain  proceedings  in  the 
United  States  Patent  Office. 

As  patent  law  reform  is  just  now  occupying  a  large  share  of  public 
attention,  we  propose  to  lay  a  short  abstract  of  these  papers  before  our 
readers,  in  the  hope  that  a  comparison  of  the  practice  adopted  by  a 
kindred  country  with  that  which  is  pursued  here,  may  be  of  use,  either 
in  the  way  of  warning  or  of  suggestion,  in  facilitating  a  reform  of  our 
own  procedure. 

The  proceedings  before  us  relate  to  original  applications  for  patents, 
to  applications  for  extension,  and  to  questions  of  interference — the  last 
particular  being  a  matter  unknown  to  our  law. 

All  these  applications  are  made  to  an  officer  styled  the  Commissioner 
of  Patents,  who  is  assisted  by  certain  examiners,  to  whom  all  ques  ■ 
tions  of  fact  are  referred.  Each  examiner  seems  to  have  certain 
classes  of  inventions  assigned  to  him,  and  every  application  is  referred 
in  the  first  instance  to  the  "  examiner  in  charge  "  of  the  particular  class 
of  inventions  to  which  the  subject  of  the  proposed  patent  belongs.  The 
decision  of  the  examiner  is  subject  to  appeal  before  a  board  of 
"  Examiners-in-chief." 

The  papers  before  us  do  not  make  it  very  clear  what  are  the  func- 
tions of  the  commissioner  in  relation  to  the  examiners,  but  he  would 
appear  to  stand  towards  them  somewhat  as  a  judge  to  a  jury.  He 
appears  to  be  concluded  by  their  opinion  as  to  the  fact,  but  at  the  same 
time  to  have  power  to  review  it  in  the  event  of  the  examiners  having 
improperly  received  evidence  which  ought  to  have  been  rejected. 

The  evidence  is  taken  either  upon  affidavit  or  by  viva  depositions 
before  certain  commissioners ;  and  the  cases  of  the  respective  parties 
are  laid  before  the  Patent  Commissioner,  in  the  form  of  a  letter 
addressed  to  him,  signed  by  the  party,  which  is  called  the  "  argument." 
There  appears  to  be  no  viva  voce  address  of  counsel.  This  argument, 
though  in  form  addressed  to  the  commissioner,  is  referred  by  him  to 
the  examiners.  The  decision  of  the  Commissioner  is  often  announced 
to  the  applicant  in  a  form  which  is  strange  to  English  notions  of 
judicial  propriety.  The  applicant  receives  from  the  judge  a  letter 
signed  "  Yours  respectfully,"  informing  him  of  the  result  of  the  appli- 
cation. An  appeal  lies  from  the  decision  of  the  Commission  to  the 
chief  justice  of  the  district  of  the  United  States,  for  the  district  of 
Columbia. 

So  far  as  to  the  general  form  of  the  proceedings.  With  respect  to 
matters  which  are  peculiar  to  United  States  practice,  the  most  striking 
is  what  is  termed  an  "  interference."  It  sometimes  happens  that  two 
inventors  apply  for  patents  for  what  is  identically  the  same  invention. 


In  such  a  case  the  English  practice  is  to  refuse  to  grant  letters  patent  to 
either  applicant  separately,  but  to  offer  to  issue  them  to  the  applicants 
jointly.  In  the  United  States,  on  the  other  hand,  in  such  a  case,  an 
"  interference  "  is  declared,  and  the  Patent  Office  decides  at  once  which 
of  the  two  applicants  has  the  priority,  and  to  him  the  patent  is  granted. 
An  interference  may  be  declared  after  letters  patent  have  been  granted, 
and,  in  one  of  the  cases  before  us,  the  result  was  to  grant  a  patent  to  a 
person  whose  claim  was  made  after  the  first  applicant's  patent  had  been 
ordered  to  issue.  As  the  Commissioner  has  no  power  to  cancel  a 
patent,  the  result  in  such  a  case  is  to  place  both  applicants  on  an  equal 
footing  before  the  court  and  the  public.  In  England  we  have  no  such 
process  as  this  ;  and  in  the  case  above  mentioned,  the  only  result  would 
have  been  that  the  first  patent  would  have  been  void  by  the  prior 
publication  proved  by  the  second  applicant;  while  the  very  fact  of 
the  publication  of  the  first  patent  would  have  been  fatal  to  a  patent 
founded  on  the  second  claim. 

This  "  interference  "  appears  to  be  the  proper  way  in  which  a  person 
alleging  himself  to  be  the  first  inventor  may  oppose  a  grant  of  letters 
patent.  It  seems,  from  one  of  the  cases  before  us,  that  an  ex  parte 
statement  by  such  a  person,  even  if  verified  by  affidavit,  will  not  be 
allowed  to  defeat  the  grant  to  the  original  applicant.  The  proper 
method  of  procedure  in  such  a  case  is,  for  the  objector  to  apply  for  a 
patent,  and  then  have  an  interference  declared  between  himself  and  the 
original  applicant,  upon  which  the  question  of  priority  of  invention  will 
be  tried.  Unless  such  an  objector  claims  a  patent  for  himself,  it  would 
seem  he  has  no  right  to  be  heard. 

This  rule,  however,  appears  to  apply  only  to  objectors  who  are 
interested  in  the  refusal  of  the  grant — the  practice  being,  as  stated  by 
counsel  in  one  of  the  arguments  before  us,  that  the  Patent  Office  will 
not  encourage  the  dog-in-the-manger  principle — "I  do  not  wish  to 
apply  for  a  patent  myself,  nor  do  I  wish  A.  B.  to  have  one."  It  is 
manifest  at  once  that  this  practice  is  quite  different  from  that  which 
prevails  here. 

An  applicant  for  a  patent  is  not  concluded  by  the  rejection  of  his 
claim  ;  for  in  one  of  the  cases  before  us  an  application  was  twice 
rejected  by  the  office,  and  was  ultimately  granted. 

The  remaining  subject  before  us  is  that  of  extension  of  patents.  As 
to  this,  the  novelty  of  the  invention  may  be  disputed  on  such  an 
application,  as  well  as  the  questions  of  its  utility,  and  the  adequacy 
of  the  patentee's  remuneration,  and  his  diligence  in  introducing  it  into 
general  use.  In  this  country,  on  the  contrary,  the  Judicial  Committee 
of  the  Privy  Council  refuse  to  go  into  the  first  question,  but  assuming 
the  patent  to  be  valid,  confine  themselves  to  the  three  latter,  as  grounds 
for  considering  the  propriety  of  the  prolongation  asked  for. 

The  foregoing  remarks  embody  the  principal  poiuts  which  suggest 
themselves  on  a  perusal  of  the  papers  before  us.  As  to  the  compara- 
tive merits  of  the  American  and  English  practice,  we  do  not  at  present 
offer  an  opinion.  Our  object  has  simply  been  to  lay  before  our  readers 
some  of  the  particulars  in  which  the  practice  of  the  United  States  differs 
from  our  own. 


COTTON    PRESSING. 

{Illustrated  by  Pleite  8.) 

Op  foreign  countries  in  which  changes  and  attempts  at  improvement 
have  taken  place,  during  the  last  half  century,  we  cannot,  perhaps, 
point  to  a  more  prominent  instance  for  exemplification  than  India. 
Whether  we  look  at  the  various  suggestions  and  schemes  with  a  view 
to  facilitate  communication  from  one  point  to  another,  postal  as 
well  as  general  transport  of  merchandise  and  individuals,  or  to  the 
improvements  which  have  taken  place  in  machinery  for  utilizing  and 
developing  the  products  of  the  country,  we  see  most  rapid  strides  have 
been  made.  Amongst  the  latter  improvements  we  cannot  refer  to  a 
more  striking  example  than  what  has  taken  place  with  regard  to  the 
Cotton  Press. 

It  would  occupy  more  time  than  is  consistent  with  the  usual  object 
of  this  Journal  to  go  over  all  the  steps  and  improvements  which  have 
been  made  upon  the  simple  screw  and  lever  press,  from  the  period  of 
its  introduction  up  to  the  present  time ;  therefore  we  shall  content  our- 
selves by  giving  an  account  of  what  we  believe  to  be  the  latest 
improvement  in  this  most  important  branch  of  Indian  industry. 

We  allude  to  the  recent  introduction  of  a  press  by  Messrs.  Hick  and 
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Son  of  Soho  Iron  Works,  Bolton.  This  press  is  the  invention  of  Mr. 
Robert  Luthy,  a  gentleman  in  Messrs.  Hicks'  establishment,  who  has 
paid  a  good  deal  of  attention  to  the  subject  of  cotton  pressing  and 
packing,  both  for  Indian  as  well  as  for  Egyptian  cotton  ;  and  we  are  glad 
in  being  able  to  give  our  readers  a  very  full  and  clear  description  of 
this  new  and,  we  think  valuable,  appliance.  This  press  has  been 
designed  with  a  view,  not  only  to  obtain  economy  in  power,  but  also  to 
reduce  the  weight,  so  as  to  facilitate  its  conveyance  to  different  and 
distant  parts  of  the  country,  and  also  to  reduce  the  first  cost.  It  is 
intended  to  compress  bales  into  a  space  measuring  48  inches  in  length 
by  16  inches  wide  and  18  inches  deep,  which  bale  will  weigh  about 
4  cwts. 

The  front  elevation,  fig.  1,  shows  the  press  with  the  front  plates  of  the 
trunk  removed  and  the  follower  in  its  highest  position.  The  side 
elevation  shows  the  press  with  the  follower  in  its  lowest  position.  The 
foot  framing,  A,  and  the  head  framing,  B,  are  connected  through  four 
steel  pillars,  c,  which  are  secured  to  the  same  in  the  usual  way.  D  is  a 
cylinder  passing  through  the  foot  framing  and  fitted  with  a  ram,  E,  of 
such  diameter  only  as  to  give  the  necessary  power  for  a  lift  of  ten  feet. 
The  ram,  E,  carries  a  table,  F,  to  which  also  the  two  light  hollow 
columns,  G  G,  are  attached,  the  latter  passing  freely  through  the  foot 
flaming,  A,  on  each  side  of  the  cylinder,  D.  The  steel  cylinders,  H  H, 
rest  on  the  table,  F,  and  are  fitted  with  rams,  I,  having  a  range  of  only 
18  inches  and  diameters  of  11  inches.  These  two  rams  carry  the  fol- 
lowers, K,  with  the  grooved  lashing  plate,  L.  The  foot  framing  rests 
on  two  long  cast-iron  beams,  M,  which  distribute  the  weight  of  the  whole 
press  equally  over  the  brick  foundation.  The  water  from  the  pumps 
or  accumulator  is  conducted  through  one  main  pressure  pipe  along  a 
series  of  presses,  and  has  for  each  of  them  a  branch  pipe,  a,  fig.  2,  leading 
into  the  distribution  valve  box,  o,  fitted  with  three  valves  in  connec- 
tion with  the  pipes,  b,  for  conveying  the  water  to  the  cylinder,  D,  c,  for 
its  admission  to  the  cylinders,  H  H  and  d,  for  leading  the  water  from 
all  the  cylinders  into  the  main  discharge  pipe,  e,  communicating  with 
the  pump  cistern.  The  valves,  b  c  and  d-  are  worked  by  handles, 
V  c'  and  d',  through  the  spindles,  b"  c"  and  d",  guided  in  the  stand, 
p.  The  connection  between  the  moving  cylinders,  H  H,  and  the  pipe, 
c,  is  established  through  the  pipes,  f,  fixed  to  the  front  side  of  the  table, 
F,  in  which  corresponding  passages  allow  the  water  to  pass  directly 
underneath  the  rams,  I  I.  The  pipes,/,  slide  through  stuffing  boxes 
in  larger  pipes,  g  g,  fixed  in  the  foot  framing  and  connected  with  each 
other  and  with  the  pipe,  c,  by  the  junction  pipe,  h.  The  space  left  by 
the  pipes,/  in  moving  upwards  is  filled  up  witli  water  drawn  from  the 
discharge  pipe,  e,  through  a  small  suction  valve  placed  in  the  junction 
pipe,  h.  To  support  the  columns,  G  G,  when  the  ram,  E,  has  completed 
its  course  and  the  water  is  admitted  into  the  cylinders,  H  H,  the  steel 
plates,  i,  are  brought  over  the  openings  in  the  foot  framing  through 
which  the  columns  have  passed,  by  an  automatic  apparatus  consisting 
of  a  weight,  I;  at  the  end  of  lever  moving  a  rocking  shaft,  »»,  with  the 
lever,  n,  with  which  the  plates,  i,  are  connected  by  the  links,  o.  A  hand 
lever,  p,  is  also  fixed  to  the  rocking  shaft,  m,  for  the  purpose  of  with- 
drawing the  plates,  i,  when  the  press  is  to  be  lowered.  The  press  box 
or  trunk,  Q,  formed  of  well-ribbed  cast-iron  plates,  held  together  by 
strong  bolts,  is  carried  on  two  brackets,  R,  fixed  to  the  pillars,  c.  The 
top  part  of  the  box  in  which  the  final  compression  of  the  cotton  takes 
place,  is  formed  by  three  doors  and  one  fixed  side.  The  larger  doors,  s, 
are  of  cast  iron,  so  constructed  as  to  combine  lightness  with  the  great 
strength  necessary  to  withstand  the  pressure  of  the  cotton  at  its  final 
compression.  These  two  lashing  doors,  s,  swing  on  vertical  hinges,  and 
are  secured  by  a  single  latch  and  bolt  which  can  be  actuated  by  the 
handle,  g.  The  smaller  or  releasing  door,  T,  is  of  wrought  iron,  and 
swings  upwards  on  a  horizontal  hinge,  and  is  balanced  by  a  lever  and 
weight,  r.  This  door  can  be  secured  by  a  bolt  locking  in  the  upper 
part  of  the  side  plate  of  the  trunk,  which  bolt  is  actuated  by  the  handle, 
s.  A  self-acting  arrangement  of  pulleys  and  chains,  not  shown  in  the 
engraving,  is  also  provided  to  open  the  lashing  doors,  s,  when  the  fol- 
lower, K,  approaches  the  end  of  its  course.  A  grooved  lashing  plate, 
I/,  is  fixed  to  the  lower  face  of  the  head  framing,  b.  Two  light  doors 
of  sheet  iron,  u,  open  upwards,  for  the  purpose  of  spreading  the 
wrapper  over  the  lashing  plate,  L,  before  the  cotton  is  filled  in  from 
the  longer  sides  of  the  lower  end  of  the  trunk  ;  and  in  order  that  both 
doors  can  be  opened  and  locked  simultaneously  by  the  attendant  from 
one  side  only,  they  are  connected  through  wheel  segments,  /,  the  catch 
levers,  u,  for  holding  the  doors  open  are  also  connected  as  well  as  the 
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catch  levers,  v,  for  keeping  the  door  shut.  The  working  of  the  press 
is  as  follows  : — 

When  the  follower,  K,  is  in  its  lowest  position  the  doors,  U,  at  the 
bottom  of  the  trunk  are  thrown  open,  and  kept  in  that  position  by  the 
catch  levers,  u.  A  piece  of  canvas  is  then  spread  over  the  lashing 
plate,  L,  and  allowed  to  hang  down  a  little  way  on  the  sides.  The  doors, 
u,  are  then  shut  and  held  fast  by  the  catch  levers,  v.  The  trunk  is  then 
filled  from  an  upper  floor  with  four  cwts.  of  loose  cotton  previously 
weighed  out,  and  another  canvas,  long  enough  to  cover  the  top  and  the 
two  long  sides  of  the  bale,  is  spread  across  the  upper  lashing  plate,  l', 
and  held  up  by  a  series  of  small  hooks  fixed  on  each  side  of  the  head 
framing.  The  doors,  T  and  s,  are  then  closed  and  locked.  By 
turning  the  handle,  c',  the  water  from  the  pumps  is  admitted  into  the 
central  cylinder,  D,  the  ram,  E,  of  which  the  table,  F,  the  columns,  G, 
the  sleel  cylinders,  H,  the  rams,  I,  the  follower,  K,  and  the  slide  pipes, 
/,  will  rise  10  feet.  The  plates,  i,  which  have  been  kept  back  in  the 
meantime  by  the  columns,  G,  will  now  slide  over  the  openings  through 
which  the  columns  have  passed.  The  handle,  c',  is  then  turned  ;  and  the 
water  thus  admitted  into  the  cylinders,  H,  and  the  rams,  I,  will  rise  with 
the  follower,  K,  another  18  inches,  and  give  a  final  pressure  of  500  tons. 
Before  the  follower,  K,  has  reached  its  highest  position,  the  doors,  s,  are 
unlocked  and  opened  by  a  chain  attached  to  the  follower,  and  acting  ou 
the  handle,  q.  The  loose  ends  of  the  top  canvas  are  then  brought  down 
to  cover  the  sides  of  the  bale,  and  the  latter  is  finally  bound  by  ropes  or 
iron  bands  which  are  passed  through  the  grooves  in  the  lashing  plates, 
L  and  l/.  The  valve,  b',  is  then  shut  and  the  valve,  d',  opened  to  dis- 
charge part  of  the  water  from  the  cylinders,  H,  for  releasing  the  bale. 
When  the  side  door,  T,  is  opened  the  bale  can  be  removed,  the  slide 
plates,  i,  withdrawn  through  the  lever,  p,  and  the  water  from  all  the 
cylinders  discharged  through  the  valve,  d',  which  is  now  wide  open,  into 
the  main  discharge  pipe,  e,  and  returned  into  the  pump  cistern,  and  the 
press  is  ready  for  refilling. 

The  time  occupied  by  one  operation  will  not  exceed  six  minutes; 
ten  bales  can  be  turned  out  of  a  press  in  one  hour.  The  pumps  are  of 
such  capacity  that  a  press  can  be  worked  up  in  less  than  one  minute, 
so  that  four  and  even  six  presses  can  be  worked  uninterruptedly  from  one 
set  of  pumps.  The  total  quantity  of  water  required  to  fill  the  press  is 
only  six  cubic  feet,  or  nearly  one-third  the  quantity  necessary  for  presses 
of  the  usual  construction  and  same  power ;  and  as  this  quantity  can  be 
discharged  from  the  three  cylinders  at  once,  the  lowering  of  the  press 
occupies  very  little  time. 

As  two  different  pressures  are  obtained  in  the  press  itself  from  one 
main  pressure,  and  only  such  a  small  quantity  of  water  is  required  to 
work  the  press,  this  system  is  adapted  to  be  worked  from  accumulators, 
which  may  be  of  smaller  capacity  than  those  in  connection  with  com- 
mon presses,  and  will  secure  a  great  saving  in  power,  and  work  the 
press  up  very  quickly. 

As  regards  the  weights  of  the  different  parts  of  the  press,  as  well  as 
its  total  weight,  they  are  far  below  those  of  any  other  presses  of  the  same 
power  hitherto  constructed,  the  advantage  of  which  will  be  evident  to 
any  one  acquainted  with,  the  difficulties  and  expense  of  transporting 
heavy  machinery  to  the  interior  of  India. 

It  ma}'  here  be  mentioned  that  the  heaviest  piece  of  this  press,  the 
long  central  cylinder,  is  3  tons,  the  foot  and  head  framings  weigh 
each  56  cwts.,  the  long  ram  13J  cwts.,  all  the  other  pieces  are  con- 
siderably lighter,  and  the  weight  of  the  whole  press  does  not  exceed 
24  tons. 

Figs.  3,  4,  5,  and  6,  represent  separate  views  of  another  form  of 
press,  in  which  figs.  3  and  4  are  respectively  a  vertical  sectional 
elevation  and  side  elevation  ;  fig.  5  being  a  sectional  plan  of  the 
same  on  the  line  a  a  fig.  3,  and  fig.  6  a  detailed  view,  presently 
more  particularly  referred  to.  The  essential  difference  between  this 
and  the  preceding  arrangement  of  press,  consists  in  the  employment 
of  a  movable  in  place  of  a  fixed  packing  chest  or  trunk.  This  trunk, 
more  particularly  seen  at  fig.  6,  consists  of  a  box  fitted  with  travers- 
ing wheels,  by  which  it  is  conveyed  upon  the  railway,  so  as  to  be 
situated  between  the  lashing  plates  of  the  press.  The  cotton  is  placed 
in  this  trunk,  and  the  bottom  lashing  plates,  together  with  the  ram 
pass  up  through  it;  in  this  manner  the  cotton  is  compressed.  We 
presume  that  the  inventor  intends  this  last  arrangement  of  his  apparatus 
as  an  economizer  of  time,  by  having  a  trunk  filled  with  cotton 
to  immediately  replace  one  just  emptied,  as  the  litter  comes  from 
the  press. 
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RECENT   PATENTS. 


COATING  AND  FLOCKING  FABRICS. 

J.  Henry  Johnson,  London. — Patent  dated  1st  October,  18C4. 

This  invention  relates  to  a  peculiar  construction  and  arrangement  of 
machinery  or  apparatus  for  applying  a  waterproof  coating,  or  a  compo- 
sition or  varnish  of  any  kind,  to  the  surface  of  textile  or  other  fabrics  in 
long  lengths,  and  is  applicable  also  for  applying  a  flock  to  such  fabrics 
after  they  have  received  their  coating  of  varnish  or  other  composition. 
According  to  this  invention,  the  fabric  to  be  treated  is  wound  upon  a 
carrying  roller,  in  long  lengths  of  say  1 000  yards  each;  such  lengths  being, 
if  necessary,  made  up  of  a  number  of  shorter  lengths  joined  together  by 
stitches,  cement,  or  otherwise.  This  roller  turns  freely  in  bearings  in 
the  lower  portion  of  the  main  framing  of  the  machine,  and  from  it  the 
fabric  passes  in  a  nearly  horizontal  direction  under  a  guiding  tension 
roller,  to  which  friction  a  drag  is  imparted  by  a  friction  strap  or  any 
other  well-known  contrivance,  in  order  to  impart  the  requisite  tension 
to  the  fabric  as  it  is  passing  through  the  machine.  From  the  last- 
mentioned  roller  the  fabric  passes  upwards  and  over  the  curved  surface 
of  a  breast  beam,  immediately  behind  which  is  situate  the  ordinary 
fixed  "doctor"  or  knife.  The  lower  edge  of  this  "doctor"  is  situate 
a  little  below  the  surface  of  the  breast  beam,  so  that  the  fabric  must 
descend  slightly  in  order  to  pass  under  the  '•'  doctor."  In  front  of 
this  "  doctor "  is  supplied  the  composition  or  coating  of  any  kind 
which  is  to  be  spread  upon  the  surface  of  the  fabric,  the  spreading 
taking  place  by  the  passage  of  the  fabric  in  a  distended  state  under  the 
knife  edge  of  the  "  doctor."  After  leaving  the  "  doctor,"  the  fabric, 
with  a  thin  coating  upon  its  upper  surface,  passes  upwards  slightly 
over  the  surface  of  a  second  guide  roller,  and  if  a  flock  is  to  be  applied 
thereto,  it  passes  under  a  flock  sifting  box,  and  thence  over  a  third  guide 
roller.  Whon  flock  has  been  applied  a  pressing  roller  is  used  in  conjunc- 
tion with  thelast-mentioned  guide  roller,  which  presses  upon  the  flock  sur- 
face as  the  fabric  passes  between  the  two  rollers.  From  these  rollers  the 
eoated  or  flocked  fabric  descends  to  a  fourth  guide-roller,  under  the  sur- 
face of  which  it  passes  in  a  horizontal  direction  to  a  fifth  guide-roller,  and 
after  passing  under  that  roller,  it  ascends  and  passes  over  the  surface  of  a 
sixth  guide-roller  in  the  upper  part  of  the  main  framing  of  the  machine. 
From  this  last-mentioned  roller  the  fabric  passes  in  a  horizontal  direction 
to  the  seventh  and  last  guiding  or  delivery  roller  of  the  series,  and 
after  passing  over  the  surface  of  this  roller,  it  descends  and  ie  caught 
in  folds  upon  the  rails  or  slats  of  a  travelling  frame  which  runs  or  slides 
on  horizontal  guiding  grooves,  and  is  moved  forward  step  by  step,  one 
rail  or  slat  at  a  time,  by  means  of  revolving  arms  or  pins,  carried  by  a 
shaft  for  that  purpose.  In  order  to  prevent  the  fabric  from  slipping  over 
cue  rail  or  slat  whilst  the  next  fold  is  descending,  two  toothed  or 
rough-faced  retaining  wheels  are  employed,  each  carried  on  an  arm 
which  is  jointed  or  hinged,  so  as  to  have  a  limited  play  in  a  vertical 
direction,  to  another  and  shorter  arm  fitted  on  to  a  rocking  shaft,  so  as 
to  oscillate  with  that  shaft,  and  be  capable  of  adjustment  thereon  to 
suit  different  widths  of  fabric,  the  wheels  being  intended  to  bear  upon 
the  edges  only  of  the  fabric.  These  wheels  may  be  held  down  upon  the 
fabric  by  springs,  or  by  -their  own  weight,  and  they  are  elevated  from 
off  the  fabric  when  the  frame  is  moved  forward  by  the  action  of  a  lever 
•-avra  keyed  to  the  rocking  shaft  above  referred  to,  and  brought  into 
play  by  coming  in  contact  with  the  successive  rails  or  slats  as  the  frame 
is  moved  forward.  After  passing  over  a  slat  the  arm  drops,  and  the 
retaining  wheels  again  descend  upon  the  edges  of  the  fabric.  The 
upper  part  of  the  main  framing  of  the  -machine  which  carries  the 
travelling  slat  frames  is  made  to  overhang  considerably,  and  is  intro- 
duced into  the  drying  chamber,  or  into  a  chamber  immediately  above 
jit,  an  opening  or  slit  being  made  in  the  partition  wail  for  that  purpose; 
and  consequently  the  coated  fabric  is  delivered  direct  from  the  machine 
,on  to  the  slats  in  the  drying  chamber.  As  fast  as  one. of  the  travel- 
ling slat  frames  is,  filled  and  punned  forward  into  the  drying  chamber, 


another  is  supplied  to  the  machine  cither  by  the  hand  of  the  attendant, 
or  in  a  self-acting  manner,  in  which  latter  case  the  empty  frames  ma}' 
be  arranged  in  tiers,  the  lowest  one  of  the  series  being  pushed  forward 
into  its  guiding  grooves  by  a  similar  arrangement  to  that  employed  for 
propelling  them  along  by  any  other  suitable  contrivance.  The  tension 
and  all  the  guiding  rollers  should  be  covered  with  emery,  or  their 
surfaces  be  otherwise  made  rough ;  but  the  surface  of  the  last  or 
delivery  roller  of  the  series  should  be  rougher  than  the  rest,  and  for 
this  purpose  it  is  preferred  to  cover  it  with  card  cloth.  In  order  to 
permit  the  fabric  to  drop  several  feet  before  it  reaches  the  slats,  the 
delivery  roller  should  be  situate  somewhat  higher  than  the  top  of  the 
drying  room  ;  or,  if  possible,  the  machine  ought  to  be  made  of  such  a 
height  that  the  cloth  will  drop  through  one  floor  to  the  slat  frames 
below.  These  frames  are  by  preference  provided  with  running  wheels, 
and  are  carried  on  guides  situate  near  the  ceiling  of  the  drying  room. 
The  several  guiding  or  carrying  rollers  are  driven  by  bands  or  pulleys, 
and  are  so  arranged  that  the  cloth  may  be  directed  into  the  drying 
room  without  its  coated  surface  coming  in  contact  with  any  one  of 
such  rollers. 

The  engraving  represents  a  longitudinal  vertical  section  of  the 
machinery,  or  apparatus,  constructed  and  arranged  according  to  this 
invention.     The  cloth  to  be  coated,  varnished,  or  flocked  is  unwound 


from  a  roller,  A,  which  has  its  bearings  in  a  frame,  B,  of  wood  or  any 
other  suitable  material.  From  this  roller  the  cloth  passes  down  under  a 
roller,  c,  provided  with  a  friction  pulley,  c',  and  a  strap,  a,  outside  the 
frame,  B,  to  retard  the  motion  which  it  receives  from  the  cloth  in  pass- 
ing. The  cloth  then  passes  upwards  to  and  over  a  bar,  and  the  friction 
on  this  bar  still  further  increases  the  tension  of  the  cloth.  From  the  bar 
the  cloth  passes  under  a  knife,  doctor,  or  scraper,  E,  and  before  this 
doctor  the  waterproof  or  other  composition  is  placed,  and  as  the  cloth 
moves  along  under  the  doctor,  enough  of  the  compound  is  left  upon  it 
to  form  one  coating.  Behind  this  knife,  and  within  a  few  inches  of  it, 
is  a  supporting  roller,  F,  the  upper  surface  of  which  is  above  the  level 
of  the  edge  of  the  doctor,  whereby  the  cloth  is  strained  hard  up  against 
the  said  edge,  in  order  to  equalize  the  thickness  of  the  coating,  and  to 
spread  the  waterproof  or  other  compound  evenly  on  its  whole  surface. 
From  the  roller,  F,  the  cloth  continues  on  in  a  'horizontal  direction 
beneath  the  flock  sifting-box,  f',  and  over  the  first  carrying  roller,  C, 
which  is  driven  by  a  belt,  b,  extending  from  the  pulloy,  c,  over  the 
pulley,  d,  on  the  end  of  the  shaft  of  the  said  roller.  Above,  and  resting 
upon  this  roller,  is  a  pressure  roller,  H,  between  which  both  cloth  and 
flocks  pass  when  flock  cloth  is  to  be  made,  and  it  must  be  remarked 
that  this  roller  is  only  used  for  flocking. 

The  cloth  then  passes  down  and  under  the  carrying  roller,  the  axle 
of  which  has  its  bearings  in  the  lower  part  of  the  frame,  and  receives 
its  motion  by  a  belt  passing  over  pulleys. 

From  the  roller,  I,  the  belt  passes  in  a  horizontal  direction,  or  nearly 
so,  to  the  carrying  roller,  J,  the  axle  of  which  forms  the  driving  shaft, 
by  which  motion  is  imparted  to  the  various  rollers  in  the  machine. 
After  passing  under  the  roller,  j,  the  cloth  passes  upwards  and  c-ver 
the  roller,  K,  thence  in  a  horizontal  direction  to  the  delivery  roller,  L, 
over  which  it  passes  and  descends  to  and  between  the  slats  of  the 
lattire  frame,  M. 
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On  referring  to  the  figure,  it  will  be  noticed  that  the  cloth,  which  is 
represented  by  a  heavy  line,  passes  over  the  several  rollers  without 
having  its  coated  surface  brought  in  contact  with  any  of  them,  and  by 
the  action  of  the  first  roller,  c,  and  bar,  d,  the  requisite  tension  is 
imparted  to  the  cloth  for  the  operation. 

The  lattice  frame,  M,  rolls  on  castors  upon  a  track,  m',  supported  a 
short  distance  below  the  upper  floor  of  the  drying  room,  and  in  the 
working  of  the  machine  one  of  these  frames  after  another  is  moved  out 
of  it  and  into  the  drying  room,  through  a  narrow  opening  which  divides 
the  machine  from  the  drying  room.  An  automatic  intermittent  motion 
is  imparted  to  each  frame  by  two  long  pins,  h,  projecting  through  the 
revolving  shaft,  i.  These  pins  catch  successively  behind  the  several 
slats,  commencing  with  the  first,  and  move  the  frame  gradually,  at 
the  same  time  allowing  two  toothed  or  rough  surface  wheels  to  descend 
and  catch  over  the  edges  of  the  cloth,  thereby  holding  the  same  upon 
the  succeeding  slats,  and  causing  the  cloth  to  descend  between  the 
next  succeeding  slats  or  rounds  in  the  form  of  a  fold. 

These  two  toothed  wheels,  j,  are  supported  upon  arms,  h,  which  are 
connected  to  short  arms,  I,  by  a  limited  flexible  joint,  or  in  any  other 
convenient  manner.  The  short  arms  have  square  holes  through  them, 
to  fit  upon  a  square  rocking  shaft,  m ;  so  that  the  arms,  with  the  wheels, 
j,  can  be  readily  adjusted  to  the  width  of  the  cloth  to  be  coated.  A 
lever,  n,  projects  from  the  rocking  shaft,  m;  and  as  the  lattice  frame  is 
pushed  along  by  the  action  of  the  pins,  h,  projecting  from  the  revolving 
shaft,  »,  the  slats  coming  in  contact  with  the  lever,  n,  raise  the  same, 
and  thereby  the  rocking  shaft,  m,  is  partly  turned,  and  the  arms,  with 
the  wheels,  j,  are  elevated.  When  the  lever,  n,  passes  the  slat,  both 
the  wheels,^',  drop  with  it,  and  by  means  of  the  jointed  arms,  k,  I,  they 
adjust  themselves  to  crooked  or  oblique  slats,  and  thereby  they  are 
enabled  to  act  upon  the  cloth  with  the  desired  effect  under  all  cir- 
cumstances. 

The  tension  and  all  the  carrying  rollers  are  covered  with  emery,  or 
their  surface  is  otherwise  made  rough.  The  surface  of  the  last  or 
delivery  roller  ought  to  be  made  more  rough  or  adhesive  than  the 
others,  by  covering  it  with  card  clothing,  and  the  axle  of  said  roller  has 
its  bearings  on  an  extension  of  the  frame,  B,  directly  over  the  rocking 
shaft,  m;  this  extension  being  made  to  pass  through  the  opening  in  the 
partition  which  separates  the  machine  from  the  heater  in  such  a  manner 
as  to  allow  the  cloth  to  drop  beyond  the  partition  into  the  drying  room. 
In  order  to  permit  the  cloth  to  fall  several  feet  before  it  reaches  the 
slats,  the  delivery  roller  ought  to  be  situate  somewhat  higher  than  the 
top  of  the  drying  room ;  or,  if  possible,  the  machine  ought  to  be  made 
of  such  a  height  that  the  cloth  will  drop  through  one  floor  to  the  lattice 
frames  below,  whilst  the  said  frames  may  be  moved  by  machinery  in 
the  same  story  with  them.  The  frames  may  be  fed  to  the  machine 
in  any  suitable  manner,  either  one  at  a  time  by  the  attendant,  or  by 
supplying  a  large  number  at  a  time,  piled  up  one  above  another,  and  so 
situate  that  the  bottom  frame  is  gradually  moved  from  beneath  the  pile. 


FEEDING   APPARATUS   FOR   SCRIBBLING  AND  CARDING 

MACHINES. 
George  Wailes,  Stroud,  arid  Benjamin'  Cooper,  Frome. — Patent 
dated  December  2,  1864. 

This  invention  relates  to  that  class  of  machinery  which  accomplishes 
the  mechanical  feeding  of  wool  or  other  fibrous  substances  to  scribbling 

and  carding  engines,  and  consists 
Fig-  1-  in    the    combination   with   such 

machinery  of  an  "  opener,"  con- 
sisting of  an  open  box  provided 
internally  with  spikes  and  a 
spiked  roller,  or  with  two  or 
more  spiked  rollers,  the  object  of 
which  is  to  open  out  or  loosen 
the  wool  or  other  material  which 
is  thrown  into  the  box,  and  which, 
after  being  opened  out  by  the 
action  of  the  spikes,  falls  into 
the  hopper  of  the  mechanical 
feeder.  The  entrance  mouth  of 
the  box  may  be  regulated  by  a  sliding  shutter,  so  as  to  regulate  the 
quantity  of  wool  or  other  material  supplied  to  the  hopper  below. 


Fijr.  2. 


Fig.  1  of  the  engravings  represents  a  portion  of  what  is  known  as 
Cooper's  self-acting  mechanical  feeder,  having  one  "opener"  adapted 
to  the  hopper  of  such  feeder;  but  it  is  proposed  to  adapt  this  "opener"  to 
the  feed  boxes  or  hoppers  of  other  self-acting  mechanical  feeders,  em- 
ployed in  the  feeding  of  wool  or  other  fibrous  substances,  to  scribbling 
and  carding  engines,  with  a  view  to  the  opening  out  or  loosening  of  the 
wool  before  it  enters  the  feed  box  of  such 
feeders.  Fig.  2  is  a  transverse  vertical 
section,  showing  the  internal  construction 
and  arrangement  of  the  "opener;"  and 
fig.  3  is  a  corresponding  sectional  plan  of  " 
the  same.  In  these  figures,  A  represents 
a  box  or  hopper,  which  is  open  at  the 
top  and  bottom,  and  is  fixed  as  shown  in 
fig.  1,  above  the  main  feed  box,  B,  of  the 
self-acting  mechanical  feeder.  On  the 
interior  of  each  6ide  of  the  hopper,  A,  are  fitted  a  number  of  stationary 
spikes,  C,  c,  which  may  be  either  straight,  as  shown  in  the  diagrams,  or 
more  or  less  curved  or  bent,  as  found  most  suitable  for  the  material  to  be 
operated  upon.  Between  these  two  rows  of  stationary  spikes  revolves 
a  spiked  roller,  D,  fixed  on  the  axis  or  shaft,  E,  which  is  driven  by  a 
band,  or  by  gearing  from  an}'  convenient  part  of  the  mechanical  feeder. 
The  spikes  in  this  roller  are  of  sufficient 
length,  and  are  so  situate  on  the  roller,  as  to 
work  between  the  stationary  spikes  in  the 
manner  shown,  and  may  be  either  straight 
or  curved.  The  position  of  the  several  spikes, 
as  illustrated  by  the  diagrams,  has  been 
found  to  give  the  best  results  as  regards 
the  preventing  of  the  roller  from  clog- 
ging ;  but  the  inventors  do  not  confine  them- 
selves strictly  to  this  position.  Immediately 
above  the  spiked  roller  there  is  fitted  a  board, 
F,  which  partly  closes  the  mouth  of  the  hopper, 
A,  and  may  be  either  horizontal,  as  shown,  or 
slightly  inclined,  or  made  adjustable,  so  as  to 
be  capable  of  being  set  at  any  desired  angle. 

The  wool  or  fibrous  material  is  first  thrown 
into  the  hopper,  A,  the  object  being  to  open  or 
lighten  it  before  it  falls  or  enters  into  the 
feed  box,  B,  of  the  mechanical  feeder,  so  that 
the  material  is  not  clotted  or  matted,  but  is 
presented  to  the  card,  or  hooks,  or  teeth,  of  the 
feeding  apparatus,  in  an  uniform  state.  Pre- 
viously when  the  wool  was  thrown  direct  into 
the  feed  box,  lumps  of  matted  material  were 
apt  to  be  introduced,  and  the  card  teeth  were 
consequently  unevenly  covered,  and,  of  course, 
fed  the  material  in  an  irregular  and  imperfect 
manner,  which  objections  are  entirely  obviated  by  the  use  of  the 
"opener"  hereinbefore  described.  The  box  or  hopper,  A,  of  the  "opener" 
may  be  made  of  any  convenient  shape,  and  be  constructed  of  wood, 
metal,  or  other  suitable  material. 


AUTOGRAPHIC   STAMPS. 

Lord  John  Hay,  London. — Patent  dated  December  23,  18G4. 

Tins  invention  relates  to  certain  improvements  in  autographic  stamps 
and  apparatus  connected  therewith  ;  also  to  a  mode  or  modes  of  printing 
or  preparing  permutation  charts  intended  to  accompany  such  stamps ; 
and  consists,  Firstly,  in  combining  in  the  same  case  or  holder  with  an 
autographic  stamp — which  is  so  constructed  as  to  admit  of  the  forms 
and  relative  positions  of  the  letters  or  other  marks  produced  by  stamp- 
ing being  varied  at  will — of  a  peculiar  construction  and  arrangement  of 
self-acting  registering  or  numbering  apparatus,  whereby  each  change 
in  the  stamp  will  at  the  same  time  be  indicated  by  the  registering  or 
numbering  apparatus,  which  will  show  a  number  corresponding  to  the 
number  in  the  chart  opposite  to  the  combination  produced.  The  object 
to  be  attained  by  this  part  of  the  invention,  is  the  verification  or  iden- 
tification of  such  stamped  letters  or  marks,  and  the  rendering  of  them 
less  easy  of  imitation,  thereby  serving  as  a  protection  against  forgery. 
Secondly,  in  the  application  of  the  said  self-acting  registering  or  number- 
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ing  apparatus  as  a  counting  or  numbering  apparatus  for  other  purposes 
to  which  it  is  applicable,  or  its  application  as  a  stamp  for  printing  the 
permulation  charts  which  accompany  the  said  autographic  stamp. 
Thirdly,  in  the  application  and  use  of  a  slightly  modified  form  of  auto- 
graphic stamp  for  printing  the  said  permutation  charts.  And,  lastly, 
of  a  peculiar  form  and  construction  of  key  to  be  employed  in  effecting 
the  changes  in  the  said  autographic  stamp. 

Fig.  1  of  the  engravings  represents  an  end  elevation,  partly  in  section, 
of  the  improved  autographic  stamp,  having 
combined  therewith  a  self-acting  registering 
or  numbering  apparatus,  for  registering  or 
indicating  each  change  in  the  autograph. 
Fig.  2  is  a  corresponding  plan  of  the  same. 
Fig.  3  is  a  sectional  elevation  of  the  regis- 
tering or  numbering  apparatus;  and  fig.  4 
is  a  transverse  vertical  section  of  the  same. 
Athough  the  registering  or  numbering 
apparatus  is  illustrated  in  a  form  suitable  for 
use  as  a  counter  for  indicating  or  numbering 
the  revolutions  of  engines,  the  same  appa- 
ratus is  equally  applicable  to  the  improved 
autographic  stamp,  and  is  shown  on  a  smaller 
scale  so  applied  in  figs.  1  and  2.  This 
apparatus  consists  of  two  axles  or  spindles, 
A  and  rs—  the  axle,  A,  carrying,  say,  seven  or 
any  other  number  of  toothed  wheels,  and 
the  axle,  B,  carrying  three  or  any  other  pro- 
portionate number  of  toothed  wheels.  For 
convenience  the  wheels  on  the  axle,  A,  are 
referred  to  as  numbers  1.  2,  3,  4,  5,  6,  and 
7,  and  those  on  axle,  B,  as  numbers  8,  9, 
and  10.  The  several  wdieels  on  the  two 
spindles  are  kept  at  equal  distances  apart 
by  means  of  suitable  hollow  bosses,  a  and  b,  formed  thereon.  The 
standards  or  framing,  c  c,  at  each  end  of  the  axle,  A,  are  close  to 
the  outer  sides  of  the  b(  ssee  of  the  wheels,  1  and  7,  so  that  the  whole 
are  maintained  in  the  required  position.  The  wheels  8,  9,  and  10,  on 
the  axle,  b,  may  be  also  maintained  in  their  proper  position  by  similar 
means.  The  wheels,  1  and  8,  may  be  fixed  to  their  respective  axles, 
whilst  the  rest  are  free  to  revolve  loosely  thereon,  but  are  not  permitted 
to  move  endways;  it  is  immaterial,  however,  whether  the  axles  revolve 
or  not,  as  the  whole  of  the  wheels  may  be  loose  thereon  if  desired. 

Fig.  2.  Fig.  3. 


The  axle,  A,  is  placed  in  such  a  position  that  the  periphery  ot  each  of 
the  wheels  mounted  upon  it  is  in  close  contact  with  one  of  the  sides  of 
the  case,  d,  of  the  autographic  stamp  (as  shown  in  figs.  1  and  2);  or 
with  the  case,  d,  of  the  engine  counter  (as  in  figs.  3  and  4),  in  which 
case,  d,  a  slot,  e  e,  is  cut  in  the  plane  of  the  axle,  A,  of  a  length  equal 
to  the  distance  between  the  outer  sides  of  the  wheels,  1  and  7;  but  the 
axle,  B,  may  be  placed  in  any  convenient  position.  The  teeth,  //,  of 
the  wheels  1,  2,  3,  4,  5,  6,  and  7,  on  the  axle,  A,  are  thicker  than  the 
teeth,  g  g,  of  the  wheels  8,  9,  and  10,  on  the  axle,  B,  with  which  they 
gear  continuously,  in  order  that  the  teeth,/,  may  be  sufficiently  large  to 


contain  the  figures  required  for  numbering.  The  whole  of  the  wheels 
on  both  axles  have  each  ten  teeth,  and  the  points  of  the  teeth  of  the 
wheels  1,  2,  3,  4,  5,  6,  and  7,  on  the  axle,  a,  are  each  stamped  with 
numbers  from  0  to  9,  one  of  which  numbers  on  each  wheel  may  be 
seen  through  the  slot  or  openings  in  the  case,  d.  The  teeth  on  all 
the  wheels  are  of  a  length  and  configuration  suitable  to  insure  their 
gearing  with  one  another  for  exactly  one-tenth  of  a  revolution.  And 
the  wheel  1  has  a  ratchet,  h,  of  10  divisions  attached  to  it,  which  is 
moved,  when  the  apparatus  is  applied  as  an  engine  counter,  through  one 
division  at  a  time  by  the  vibration  of  a  lever,  i,  and  spring  pall,  k  (fig. 
5).  I  prefer  to  curve  the  pall,  k,  over  the  periphery  of  the  ratchet  wheel, 
in  such  a  manner  that  it  may  be  supported  to  a  certain  extent  thereon, 
and  be  prevented  from  straightening  and  so  losing  the  hold  of  the  teeth. 
But   when    this  apparatus   is 

applied    to    the    autographic  Fig.  4. 

stamp,  as  shown  in  figs.  1  and 
2,  the  detent,  k,  which  locks 
the  first  spindle  1  of  the  ' 
autographic  stamp  befor 
ferred  to,  is  prolonged 
at  k'  beyond  the  pivot, 
and  the  end  of  the  part 
so  prolonged  is  made  w 
the  requisite  amount  of  spring 
to  pass  over  and  gear  into  the 
teeth  of  the  ratchet  wheel,  h. 
attached  to  the  wheel  1  of  the 
registering  or  numbering  ap- 
paratus. The  wheels  1,  3, 
and  5  in  the  counter,  and  1 
and  3  in  the  stamp,  on  the 
axle,  A,  have  a  single  addi- 
tional tooth  or  wiper,  /,  formed 
on  one  side  thereof,  or  fixed 
into  the  wheel  boss,  as  shown  more  clearly  in  figs.  3  and  4,  and  the 
wheels  8,  9,  and  10,  on  the  axle,  B,  have  each  one  of  their  10  cogs 
broader  than  the  remainder  and  projecting  over  the  side  of  the  wheel, 
as  shown  at  m  m,  or  this  increased  breadth  of  tooth  may  be  obtained  by 
having  a  tappet  or  wiper,  m,  secured  to  the  wheel  boss,  as  shown  clearly 
in  figs.  3  and  4.  The  wheels  2,  4,  6,  and  7  on  the  axle,  A,  have  no  addi- 
tional lateral  tooth  or  wiper,  all  their  teeth  being  of  equal  breadth.  All 
the  wheels  on  the  axle,  A,  are  maintained  in  position  after  each  move- 
ment by  spring  detents,  n  n,  fixed  to  a  bar,  o,  or  other  convenient  support, 
and  engaging  into  notches,  p,  made  in  a  projecting  boss  on  the  side  of 
each  wheel.  The  inventor  prefers  to  make  these  bosses  on  the  adjoin- 
ing sides  of  the  wheels,  with  the  exception  of  wheel  1,  so  that  one  spring 
detent,  n,  split  longitudinally,  may  operate  on  both  wheels  of  the  pair. 
The  wheel  1  has  a  separate  spring  detent  of  its  own. 

When  the  0  on  each  of  the  wheels 
which  have  figures  stamped  upon  them  is 
opposite  the  slot  in  the  case,  the  lateral 
teeth,  I,  of  the  wheels  1,  3,  and  5,  and 
the  lateral  teeth,  m,  of  the  wheels  8,  9, 
and  10,  which  project  over  the  sides  of 
the  wheels  beyond  the  others,  are  in 
such  a  position  that  nine  impulses  must 
be  given  to  each  wheel  before  the  pro- 
jecting tooth,  I  or  in,  obtains  contact  with 
the  several  wheels  which  are  driven  by 
them.  The  additional  teeth,  I,  gear  into  special  teeth,  I',  on  the  wheels 
8,  9,  and  10,  and  the  additional  teeth,  m,  gear  into  the  teeth,  //,  of 
the  wheels  3,  5,  and  7  on  the  axle,  A. 

The  mode  of  operation  is  as  follows :  all  the  wheels  with  figures 
stamped  on  them  being  placed  on  the  axle,  A,  with  the  0  opposite  the 
slot  in  the  case,  and  the  wdieels  on  the  axle,  B,  being  so  situated  that 
nine  impulses  must  be  given  to  them  before  the  projecting  tooth  on 
each  can  gear  with  the  wdieels  wdiich  are  driven  by  those  teeth.  When 
the  end  of  the  lever  or  detent,  k  (figs.  1  and  2),  is  lifted  out  of  the 
locking  plate,  i,  by  the  key  of  the  autographic  stamp,  the  other  end, 
//,  of  the  lever  wdiich  engages  wdth  the  teeth  of  the  ratchet  wheel,  h,  is 
drawn  back  through  a  distance  equal  to  the  pitch  of  the  ratchet  wheel, 
where  it  is  held  by  the  periphery  of  the  locking  plate,  i,  bearing  against 
the  other  end  of  the  lever  until  the  key  has  moved  the  locking  plate 
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round  far  enough  to  bring  the  next  notch  opposite  to  the  end  of  the 
lever  or  detent,  k,  when,  as  that  end  of  the  lever  falls  into  the  notch, 
the  other  end,  //,  carries  the  ratchet  wheel,  and  the  unit  wheel  1  to 
which  it  is  attached,  through  one  division  and  shows  the  figure  1  oppo- 
site the  slot  in  the  case  of  the  stamp,  such  change  in  the  registering 
apparatus  taking  place  simultaneously  with  the  locking  of  the  autograph 
in  its  new  combination.  On  the  tenth  vibration  of  the  lever,  k  h'  (figs. 
1  and  2),  the  lateral  tooth,  I,  of  the  wheel  1,  projecting  beyond  the  rest, 
engages  the  teeth,  V,  of  the  wheel  8  on  the  axle,  B,  which  having  one 
end  of  its  breadth,  namely  the  teeth,  g,  gearing  continuously  with  the 
wheel  2  on  the  axle,  A  ;  the  motion  which  it  receives  from  the  wheel 
1  is  transferred  to  the  wheel  2,  and  the  figure  1  which  is  stamped  on 
the  wheel  2  is  carried  opposite  the  .slot ;  at  the  same  movement  the  0 
on  the  wheel  1  is  returned  to  its  initial  position  opposite  the  slot,  the 
two  wheels  thus  indicating  10. 

The  lateral  tooth,  m,  of  the  wheel  8  gears  into  the  wheel  3  at  each 
tenth  movement.  In  like  manner  the  wheel  3  has  one  projecting  tooth, 
I,  which,  at  every  tenth  impulse  engages  the  wheel  9  ;  the  teeth,  g,  of 
this  wheel  gear  continuously  with  the  wheel  4,  transferring  the  motion 
of  the  wheel  3  to  the  wheel  4.  The  wheel  9  has  also  a  projecting 
tooth,  in,  which  at  every  tenth  impulse  engages  the  wheel  5,  the  tooth, 
I,  of  which  drives  the  wheel  10,  which  gears  continuously  with  the 
wheel  6,  and  at  every  tenth  impulse  gives  motion  by  the  tooth,  m,  to 
the  wheel  7,  and  so  on  through  any  desired  number  of  wheels.  When 
this  apparatus  is  used  as  an  engine  counter,  or  as  a  "tell-tale"  for 
doors,  the  lever,  t',  and  spring  pall,  k  (fig.  5),  vibrated  from  any  con- 
venient moving  part  of  the  engine,  machine,  or  door,  serve  to  actuate 
the  counting  wheels. 

It  will  be  seen  that  the  wheels  on  the  axle,  B,  are  simply  carrier 
wheels,  which,  by  revolving  in  an  opposite  direction  to  the  wheels  on 
the  axle,  A,  are  enabled  to  transfer  the  motion  to  one  wheel  direct,  and 
to  another  at  every  tenth  impulse. 

By  the  addition  of  carrier  wheels  on  the  axle,  B,  and  of  stamped 
wheels  on  the  axle,  A,  any  higher  number  may  be  registered.  The 
detents  or  locking  springs,  n  n,  may  be  fitted  to  engage  the  points  of  the 
teeth  themselves,  or  the  spaces  between  the  teeth,  in  order  to  prevent  any 
accidental  or  other  movement,  excepting  such  as  maybe  communicated 
to  them  through  the  levers,  h'  or  i,  as  the  case  may  he,  and  the  other 
wheels  of  the  series ;  but  the  arrangement  of  locking  springs  shown  in 
fig.  3  is  preferred.  By  raising  the  figures  on  the  points  of  the  teeth  the 
above  arrangement  is  applicable  as  a  stamping  numbering  machine, 
equally  with  that  of  registering,  for  the  purposes  specified  above.  The 
printing  of  the  permutation  chart  may  be  effected  by  a  stamp  con- 
structed on  precisely  the  same  principle  as  the  autographic  stamp  herein- 
before referred  to;  each  spindle  having  in  lieu  of  the  eccentric  pin  a 
circle  and  radiating  mark  made  on  the  end  thereof,  the  position  of 
which  will  be  turned  or  varied  in  the  order  required  by  turning  the 
first  spindle  of  the  series,  and  may  then  be  used  to  give  the  impression 
required. 


REVIEWS    OF    NEW    BOOKS. 


A  Catechism  of  tiie  Steam  Engine.  By  John  Bourne,  C.E. 
New  edition,  8vo.  With  an  introductory  volume,  entitled  "  Recent 
Improvements  in  the  Steam  Engine,"  8vo.  Longmans: 
Loudon,  18G5. 

Mr.  Bourne's  Catechism  has  long  been  acknowledged  as  one  of  the 
best,  fullest,  and  clearest  elementary  treatises  on  the  steam  engine  which 
the  rather  scanty  English  literature  of  the  subject  contains.  We  are 
not  sure  that  any  change  for  the  better  has  been  made  by  transforming 
the  original  quarto  into  an  inconveniently  thick  and  lumpy  small  octavo. 

The  introduction  is  a  neat  separate  8vo  volume,  and  comprises  notices 
of  most  of  the  more  recent  forms  of  engines  afloat  or  ashore,  and  of 
several  of  the  more  noteworthy  improvements,  in  distinct  parts,  of  these. 

Much  more  than  this  we  cannot  say  of  it ;  it  deals  scarcely  at  all  with 
principles,  and  when  it  does,  as,  for  example,  in  the  chapter  on  thermo- 
dynamics, it  deals  with  them  cursorily  and  incompletely.  It  is  filled  to 
repletion  with  wood-cuts ;  but  if  we  mistake  not,  we  recognize  a  great 
many  of  these  as  mere  electros,  taken  from  the  trade  catalogues  of  vari- 
ous makers,  amongst  whom  Carrett  &  Marshall  are  conspicuous.     In  a 


periodical  journal  this  may  be  allowable ;  it  is  scarcely  so,  we  think 
in  a  professedly  systematic  treatise. 

The  Timber  Importer's,  Timber  Merchant's,  and  Builder's 
Standard  Guide.  By  Richard  E.  Grandy.  Lockwood : 
London,  1865. 

The  Practical  Millwright's  and  Engineer's  Ready  Reckoner; 
or  Tables,  &c.     By  Thomas  Dixon.     Spon  •  London,  1805. 

Both  of  these  books  of  tables  are  of  a  purely  technical  and  commercial 
character.  The  first  named  contains  an  analysis  and  tables  for  finding 
the  value  of  all  those  complicated  measures  of  timber  which,  under  the 
name  of  "standards,"  have  long  been  the  plague  and  opprobrium  of  the 
timber  and  building  trades,  and  the  abolition  of  which  by  statute  would 
make  one  welcome  the  establishment  of  the  metric  system  amongst  us. 

There  are  a  vast  number  of  very  valuable  tables  in  this  work,  both 
for  the  timber  importer  and  for  the  consumer,  and  a  very  complete  set 
of  tables  specially  applicable  to  the  building  trade.  These  have  been 
in  something  of  a  similar  form  produced  elsewhere  and  by  others,  at 
various  times.  They  are  here  very  well  compiled,  and  to  the  latest 
date,  as  it  appears  to  us.  One  merit  this  book  of  Mr.  Grandy's  has, 
which  we  value  highly ;  he  sticks  to  his  proper  task — a  book  of  tables 
for  commercial  purposes — and  does  not  attempt  to  eke  out  the  size  or 
give  a  superficial  and  false  appearance  of  higher  value  to  his  volume, 
by  cramming  into  it  ill-digested  and  fragmentary  tables  of  a  scientific 
or  quasi  scientific  sort,  as  is  but  too  frequently  practised  by  the  makers 
of  such  books  as  these. 

Mr.  Dixon's  book,  also,  pretty  fairly  sticks  to  its  text,  though  we  can 
scarely  think  this  text  quite  as  useful  a  one  as  the  preceding. 

The  work  is  mainly  made  up  of  tables  for  finding  the  diameter  and 
power  (or  velocity)  of  toothed  wheels  ;  the  diameter,  weight,  and  tor- 
sion strength  of  shafting;  and  the  diameter  and  corresponding  tensional 
or  other  resistance  of  bolts ;  the  thickness  of  the  book  being  made  up 
in  good  part  of  some  very  nice  but  very  needless  blue  ruled  blank  paper, 
in  sheets  at  recurrent  intervals. 

Occasionally  such  tables  as  these  may  have  their  use  ;  hut  a  well- 
educated  and  competent  millwright  or  mechanician,  will  prefer  to  take 
out  such  results  for  himself,  and  by  fundamental  methods.  Implicit  faith 
cannot  be  placed  in  any  tables,  not  even  those  of  logarithms  or  sines  and 
tangents  that  have  been  read  and  corrected  a  score  of  times  ;  and  our 
own  experience  is,  that  time  is  often  lost  rather  than  economized  by 
attempting  to  employ  such  tables  as  these  in  lieu  of  calculation. 


The  Elements  of  Mechanism— Designed  for  Students  of  Applied 
Mechanics.  By  T.  M.  Goodeve,  Professor  of  Mechanics,  Royal 
Military  Academy,  Woolwich.    8vo.     2nd  Edition.    Longman,  1865. 

The  intention  of  the  author,  as  expressed  in  his  preface,  has  been  to 
provide  an  elementary  text-book  in  the  principles  of  mechanism  ;  to 
simplify  the  subject  as  much  as  possible ;  to  exhibit  its  prominent  fea- 
tures ;  and  to  convey  a  certain  amount  of  practical  information.  He 
has  amply  fulfilled  these  views;  and  his  work,  if  we  be  not  much  mis- 
taken, is  likely  to  become  one  of  the  most  widely  read  and  employed 
books  on  kinematics.  It  does  not  propose  to  itself  the  exhaustive  and 
academical  treatment  of  the  subject  that  distinguished  the  classical  work 
of  Professor  Willis,  nor  is  it  at  all  meant  to  supersede  that  able  per- 
formance, which  will  continue  to  be  studied  by  those  who  wish  to  fully 
grasp  the  science  of  mutative  movements  thoroughly  ;  but  it  supplies  a 
want  previously  existing  in  English  mechanical  literature,  and  gives  to 
the  technical  student  of  mechanics,  to  the  engineering  pupil,  and  to  the 
practical  mechanical  engineer  engaged  in  the  design  or  construction  of 
novel  machinery,  by  far  the  best  selection  of  examples  of  combinations 
for  commuting  movements  that  we  have  seen. 

The  selection  itself  is  judicious;  the  discussion  of  the  properties  of 
each  combination  clear,  succinct,  and  exact ;  and  the  algebraic  treatment 
of  the  relations  of  directions  and  velocities,  &c,  brief  but  sufficient. 

The  wood-cut  illustrations,  too,  are  well  executed,  and  possess  the 
immense  advantage  of  having  been  drawn  by  a  hand  that  obviously 
belongs  to  a  somewhat  practically  trained  head.  We  nowhere  find 
those  absurd  disproportions  of  parts  indicated  in  the  figures  (which  are 
here  sometimes  almost  little  working  drawings)  that  characterize  the 
diagrams  of  men  trained  more  in  the  university  lecture-room  than  in  tho 
workshop. 
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Tliis  book,  which  is  but  a  small  one,  ought  to  be  at  hand  beside  the 
hand-books  in  every  mechanical  engineer's  office. 

We  noticed  one  unimportant  historical  slip  in  looking  through  the 
work.  The  parallel  motion  described  at  pp.  126,  127 — which  is  said  to 
have  been  "devised  for  marine  engines  before  the  principle  of  direct 
action  was  so  generally  adopted,"  and  which  (though  in  doubtful  phrase) 
it  seems  to  be  intimated  was  fitted  to  the  engines  of  the  Gorc/o/i,  as 
there  seen  for  the  first  time — is  by  no  means  so  recent  a  combination. 
It  was  known  before  marine  engines  had  any  existence,  and  if  we 
remember  correctly,  is  figured  and  described  in  the  great  prototype  of 
all  treatises  on  kinematics — Leutz  and  Betancour's  work  on  mechanical 
motions. 

In  expressing  our  opinion  of  the  merit  of  this  work  as  the  best  in  our 
language,  within  its  range  of  subject,  we  of  course  establish  no  com- 
parison with  the  able  chapters  on  kinematics  in  Professor  Rankine's 
"  Applied  Mechanics  " — for  these  are  but  a  part  of  that  work,  the  scope 
and  size  of  which  are  far  greater,  but  from  which  this  branch  of  applied 
mechauics  canuot  be  separated. 


The  Distribution  of  Rain  over  the  British  Isles  during  the 
Year  1804 — As  observed  at  about  900  Stations.  Compiled  by  G. 
J.  SymonS.  Stanford  :  London,  18G5.  8vo  pamphlet. 
Mu.  Symons  continues  his  highly  useful  meteorological  annual  reports, 
as  respects  rainfall,  now  continued  since  18G0.  The  series  forms  a  mass 
of  data  yearly  increasing  in  value  and  precision — of  the  highest  value 
to  the  hydraulic  engineer,  the  scientific  agriculturist,  and  to  the  cultiva- 
tor of  meteorology. 


CORRESPONDENCE. 


$gf  "We  do  not  hold  ourselves  responsible  for  the  views  or  statements  of  our 
Correspondents. 


SURVEY    OF    JERUSALEM. 
We  reprint  the  following  letter  from  Colonel  Sir  Henry  James,  which  lias  recently 
appeared  in  the  Times.      On  such  reliable  authority,  we  may  now  fairly  believe  the 
question  as  to  the  true  level  of  the  Dead  Sea  distinctly  settled. 

Sir, — -The  p:irty  of  Royal  Engineers  from  the  Ordnance  Survey  which  left 
England  under  the  command  of  Captain  Wilson,  R.E.,  on  the  12th  September  last, 
for  tlie  purpose  of  making  a  survey  of  Jerusalem,  and  levelling  from  the  Mediter- 
ranean to  the  Dead  Sea,  have  accomplished  their  task  and  arrived  in  England  on 
the  10th  inst. 

I  have  received  tlie  authority  of  the  Lords  of  the  Treasury  for  publishing  the  plans, 
sections,  &c.,  and  I  hope  to  add  to  these  photozincographio  copies  of  about  100 
photographs  of  the  most  interesting  places  included  within  the  area  of  tlie  survey. 
We  are  now  busily  engaged  in  preparing  for  the  publication  of  the  results  of  this 
survey,  which  I  propose  to  bring  out  in  the  form  of  an  atlas. 

Tlie  levelling  from  the  Mediterranean  to  the  Dead  Sea  has  been  performed  with 
the  greatest  possible  accuracy;  and  by  two  independent  observers,  using  different 
instruments;  and  the  result  may  be  relied  upon  as  being  absolutely  true  to  within 
three  or  four  inches.  The  depression  of  the  surface  of  the  Dead  Sea  on  the  12th  of 
March,  18G5,  was  found  to  be  1292  feet,  but  from  the  line  of  driftwood  observed 
along  the  border  of  the  Dead  Sea,  it  was  found  that  the  level  of  the  water  at  some 
period  of  the  year,  probably  during  tlie  winter  freshets,  stands  2  feet  6  inches 
higher,  which  would  make  the  least  depression  1289*5  feet.  Captain  Wilson  also 
learned  from  inquiry  among  the  Bedouins,  and  from  European  residents  in  Palestine, 
that  during  the  early  summer  the  level  of  the  Dead  Sea  is  lower  by  at  least  6  feet; 
this  would  make  the  greatest  depression  to  be  as  near  as  possible  1298  feet. 

Most  of  the  previous  observations  for  determining  the  relative  level  of  the  two 
seas  gave  most  discordant  results.  The  Dead  Sea  was  found  by  one  to  be  710  feet 
above  the  level  of  the  Mediterranean,  by  another  to  be  on  the  same  level,  by  another 
to  be  710  feet  lower,  and  by  another  to  be  1446  feet  lower;  but  the  most  recent 
before  that  now  given,  by  the  Due  de  Luynes  and  Lieutenant  Vignes,  of  the  French 
navy,  agrees  with  our  result  in  a  very  remarkable  manner,  considering  that  the 
result  was  obtained  by  barometric  observation,  the  depression  given  by  them  being 
1286  on  the  7th  June,  1804,  which  at  most  differs  only  12  feet  from  the  truth, 
if  we  suppose  the  Dead  Sea  was  then  at  its  lowest. 

In  my  instructions  to  Captain  Wilson  I  gave  directions  for  bench  marks  to  be 
cut  upon  the  rocks  and  buildings  along  tlie  line  levelled  from  sea  to  sea,  and  for  a 
traverse  survey  to  be  made  of  the  whole  distance,  upon  which  the  places  where  the 
bench  marks  can  be  found  can  be  represented.  This  traverse  will  be  given  with  the 
plans  in  the  atlas,  as  well  as  the  diagram  of  the  triangulation  around  Jerusalem,  and 
these  cannot  fail  to  be  of  great  value  for  any  more  extended  surveys  which  may  be 
hereafter  undertaken  in  Palestine. 

It  may  interest  those  who  have  subscribed  to  the  fund  for  paying  for  the  survey 
and  levelling  to  know  that  my  estimate  for  the  survey  was  £500,  and  the  cost 
£519  10s.  it/.;  the  estimate  for  the  levelling  was  £200,  and  the  cost  £214  15s.  Gd.; 
and  that  this  small  excess  was  caused  by  the  unexpected  detention  of  the  party  at 
Alexandria  for  a  fortnight,  in  consequence  of  an  accident  to  the  mail  steamer  in 
the  Red  Sea. — I  am,  Sir,  your  obedient  servant, 

Henry  James,  Colonel,  Royal  Engineers. 
Ordnance  Survey-Office,  Southampton,  July  24. 


NON-EXPLOSIVE     POWDER. 
(To  the  Editor  of  the  Practical  Mechanics  Journal.') 

Sir, — Of  the  ingenuity  and  great  importance  of  Mr.  Gale's  invention  there 
cannot  be  two  opinions.  There  is,  however,  one  point  in  connection  with  it  which 
appears  to  have  been  overlooked  in  the  recent  experiments,  viz: — the  effect,  on  the 
prepared  powder,  of  a  long  journey  over  a  rough  road.  It  appears  to  me  that 
those  particles  possessing  the  greater  specific  gravity  will,  in  the  course  of  time,  be 
shaken  to  the  bottom,  and  the  powder  become  separated  from  the  glass.  I  leave  it 
to  those  practically  acquainted  with  the  invention  to  say  if  this  is  the  case,  though 
I  consider  such  a  result  highly  probable. 

The  thorough  and  equal  admixture  of  the  two  substances,  on  a  large  scale,  will 
offer  some  mechanical  difficulties,  which  no  doubt  a  little  experience  will  overcome. 

I  am,  Sir,  yours  respectfully, 

Newcastle,  August,  1865.  C.  W. 

[As  it  appears  to  us  there  is  little  that  is  ingenious,  not  much  that  is  curious, 
and  nothing  at  all  that  is  novel  in  Mr.  Gale's  so-called  invention,  which  has  made 
such  an  admirable  "nine  days'  wonder"  for  the  newspapers  at  this  dead  season  of 
the  year. 

Any  inert  powder  will  do  as  well  or  better  than  powdered  glass.  Powdered 
Welsh  slate  would  be  much  better,  as  it  will  not,  like  glass,  elicit  fire  by  violent 
attrition.  The  method  was  tried  by  General  Piobert  and  others  in  France  years 
ago,  and  the  conclusion  come  to  by  that  and  by  other  practical  authorities,  which 
every  man  of  moderate  judgment  must  rapidly  arrive  at,  viz. — that  not  only  for  the 
reason  alleged  correctly  by  our  correspondent,  but  for  many  others,  the  plan  for  all 
practical  ends  is  useless. — Ed.] 


PROCEEDINGS   OF   SCIENTIFIC   SOCIETIES. 


THE    LATE  MEETING    OF   THE    INSTITUTION   OF 

MECHANICAL   ENGINEERS. 

The  Institution  of  Mechanical  Engineers  has  this  year  broken  fresh 
ground  and  held  its  annual  meeting  in  Dublin,  where  they  were  nobly 
accommodated  in  the  stately  halls  of  Trinity  College.  While  Oxford 
writhes  at  the  mere  prospect  of  the  Great  Western  Railway  even 
approaching  its  precincts  by  establishing  its  carriage-repairing  shops  in 
the  neighbourhood,  the  University  of  Dublin,  to  its  high  credit  be  it 
said,  and  with  a  clearer  perception  of  the  proper  direction  and  high  aim 
of  its  mission,  has  not  only  founded,  and  now  for  years  successfully 
worked  as  one  of  its  departments  a  good  school  of  engineering,  but  recog- 
nizes and  honours  the  genuine  mechanic,  whether  he  be  ex  ccdibus 
academicis  or  not,  by  welcoming  the  Institution  of  Mechanical  Engineers, 
and  affording  it,  free  of  all  expense,  all  the  accommodation  it  required 
for  its  annual  meeting,  and  in  a  style  of  magnificence  which  we  have 
heard  some  of  its  members  say  they  had  never  before  experienced  else- 
where. 

The  following  is  the  list  of  papers  set  down  for  being  read  at  the 
morning  sittings  of  the  body,  under  the  presidency  of  Robert  Napier, 
Esq.,  of  Shandon,  Glasgow.  The  honorary  local  secretaries  were 
Samuel  Downing,  Esq.,  LL.D.,  professor  of  engineering,  University  of 
Dublin,  and  G.  Arthur  Waller,  Esq.,  of  Messrs.  Guinness  &  Co., 
Brewery,  Dublin.  Mr.  Benjamin  L.  Guinness  himself,  the  well-kuown 
citizen  of  Dublin,  was  the  chairman  of  the  local  committee. 

List  of  Papers. 
On  Machinery  employed  in  the  Spinning,  &c.,  of  Flax;  by  Mr.  Thomas  Greenwood, 

of  Leeds. 
Description  of  the  Bank  Note  Printing  Machinery  at  the  Bank  of  Ireland ;  by  Mr. 

Thomas  Grubb,  of  Dublin,  Engineer  to  the  Bank  of  Ireland,  communicated 

through  the  President. 
Description  of  a  Portable  Steam  Rivetter  ;  by  Mr.  Andrew  Wyllie,  of  Liverpool. 

On  the  Manufacture  of  Compressed  Peat  Fuel ;  by  Mr.  C.  Hodgson,  of  Portarlington, 
Managing  Director  of  the  Derrylea  Peat  Works,  communicated  through  Mr. 
G.  Arthur  Waller. 
Description  of  the  Rock  Boring  Machinery  working  at  the  Roundwood  Tunnel  of 

the  Dublin  Corporation  Water  Works;  by  Mr.  George  Low,  of  Dublin. 
On  the  Dublin  Corporation  Water  Works  now  in  progress  for  the  supply  of  Water 
from  the  Wicklow  Mountains  ;  by  Mr.  P.  Neville,  Engineer-in-chief  to  the 
Water  Works,  communicated  through  the  President. 
On  an  improved  Safety  Valve  for  Steam  Engine  Boilers ;  by  Mr.  William  Naylor, 
of  London. 
The  first  morning  meeting  was  held  on  Tuesday  the  1st  of  August. 
Considerably  over  one  hundred  members  assembled  in  the  Examina- 
tion Hall,  Trinity  College.     The  proceedings  commenced  at  ten  o'clock. 
Robert  Napier,  Esq.,  of  Shandon,  Glasgow,  the  President  of  the 
Association,  took  the  chair. 

Mr.  William  P.  Marshall,  Secretary  to  the  Association,  read  the 
minutes  of  the  last  meeting,  which  were  confirmed. 
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The  first  paper  which  was  read  was  by  Mr.  Thomas  Greenwood,  of 
Leeds,  "  On  Machiuery  employed  in  the  Spinning  of  Flax." 

The  paper  commenced  by  referring  to  the  antiquity  of  the  flax  manufacture.  The 
microscope  had  shown  that  the  fine  linen  cloth  of  Egypt  employed  for  embalming 
was  made  of  flax.  There  was  no  evidence  that  this  linen  was  spun  otherwise  than 
by  hand,  by  means  of  the  distaff;  the  method  of  spinning  in  those  days  being  the 
same  which  prevailed  in  this  country  up  to  a  recent  period,  and  which  was  still 
extensively  practised  in  the  north  of  Europe,  in  the  neighbourhood  of  Archangel 
and  the  White  Sea.  The  process  of  "retting"  flax  appeared  to  have  been  practised 
in  all  countries.  The  valuable  portion  of  the  flax  was  the  external  fibre,  inside 
which  was  a  semi-wooden  substance,  known  in  the  manufacture  by  the  name  of 
"boom."  The  flax  was  steeped  to  decompose  the  "boom"  previous  to  its  being 
removed  by  machinery ;  and  this  first  process  was  called  "  retting."  The  several 
machines  for  "scutching"  "heckling,"  &c,  employed  in  the  subsequent  preparation 
of  flax  were  then  described  with  the  aid  of  diagrams.  The  importance  of  the  flax 
manufacture  in  Ireland  was  shown  by  the  fact,  that  last  year  300,000  acres  were 
sown  with  the  plant,  and  the  produce  amounted  to  80,000  tons,  valued  at  from  £G0 
to  £70  a  ton.  Hand-scutched  flax  brought  a  price  20  per  cent,  higher  than  that 
scutched  by  mill.  A  great  expansion  in  the  flax  trade  was  due  to  the  introduction 
by  the  late  Mr.  Kay  of  what  was  known  as  the  wet-spinning  process.  Handspun 
flax  was  produced  three  times  as  fine  as  that  produced  by  the  best  machine ;  and 
some  of  this  flax,  nsed  in  the  manufacture  of  native  India  muslins  and  of  Brussels 
lace,  was  equal  in  value  to  gold,  weight  for  weight. 

"  Description  of  the  Bank-note  Printing  Machinery  at  the  Bank  of 
Ireland,  by  Mr.  Thomas  Grubb,"  was  the  next  paper  submitted  to  the 
meeting. 

It  mentioned  that  in  the  manufacture  of  bank  notes,  while  the  printing  has 
usually  been  accomplished  from  engraved  plates,  as  affording  a  better  protection 
against  fraudulent  imitation,  the  slowness  and  consequent  increased  expense  of  this 
manner  of  printing  as  compared  with  ordinary  type  or  surface  work,  have  led,  in 
some  instances,  to  the  abandonment  of  the  finer  protective  process.  Any  attempts, 
however,  to  abridge  the  labour  and  time  of  the  operation,  by  making  the  engraved 
plates  by  means  of  machinery,  appear  to  have  failed  entirely  previous  to  the  con- 
struction of  the  machine  which  was  the  subject  of  the  paper.  The  process  of 
printing  from  an  engraved  plate  might  be  considered  as  divided  into  three  separate 
portions — namely,  first,  the  making  of  the  plate;  second,  inking  and  the  wiping  of 
the  plate  ;  and  third,  the  taking  of  the  impression,  including  the  laying  and  removing 
of  the  paper.  All  these  were  usually  performed  by  hand,  excepting  the  actual  taking 
of  the  impression  by  the  press,  and  each  of  the  three  operations  occupied  about  the 
same  time  in  performance,  in  consequence  of  which  all  the  operations  were  arranged 
to  be  proceeded  with  simultaneously.  The  machine  consists  of  a  horizontal  poly- 
gonal prism  of  twenty  sides,  on  ten  of  which  are  held  the  engraved  plates  from 
which  the  notes  are  to  be  printed.  These  ten  engraved  plates  are  held  in  position 
in  dovetails  formed  by  ten  plain  plates  screwed  on  the  ten  intermediate  sides  of  the 
polygon.  The  plates  and  polygon  are  maintained  at  the  proper  temperature  for 
working  by  steam  admitted  inside  the  hollow  polygon  through  the  back  bearing. 
In  the  ordinary  rate  of  working,  each  impression  occupies  ten  seconds,  and  the 
polygon  is  held  stationary  during  eight  seconds  of  the  time,  and  during  the  remain- 
ing two  seconds  it  is  turned  round  through  one-tenth  of  a  revolution,  so  as  to  bring 
the  next  engraved  plate  to  the  top.  During  the  eight  seconds  in  which  the  polygon 
is  stationary,  the  undermost  plate  is  inked  by  the  machine,  the  uppermost  plate 
has  been  printed  from,  and  a  third  plate  has  the  wiping  of  its  surface  completed. 
The  machine  requires  two  attendants — one  to  iay  the  paper  and  remove  it  after 
being  impressed,  while  the  other  gives  the  final  wiping  by  hand  to  the  surface  of 
each  plate  as  it  comes  into  the  proper  position.  The  greater  portion  of  the  super- 
fluous ink  is  wiped  off  by  the  machine,  thereby  lessening  the  final  labour  of  the 
cleaning  off  by  hand.  This  is  done  by  means  of  a  roller  covered  with  cotton  cloth. 
The  paper  also  described  the  several  combinations  of  cam  work  producing  the 
respective  actions  of  the  machine,  the  principal  of  which  were  the  apparatus  for 
locking  and  turning  the  polygon,  and  for  the  motions  of  the  printing  roller  and 
inking  apparatus. 

A  description  of  a  portable  steam  rivetter,  by  Mr.  Andrew  Wyllie,  of 
the  firm  of  George  Forrester  &  Co.,  of  Liverpool,  was  then  read. 

This  rivetter  belongs  to  the  steam-hammer  class,  and  performs  the  rivetting  by  a 
sneeession  of  blows.  The  rivetter  is  made  with  a  swage  tool  always,  whether  for 
flush  rivetting  or  for  snap  heads ;  and  this  swage  tool  is  held  in  the  front  end  of 
the  cylinder,  and  forms  a  loose  plug  or  plunger  not  connected  with  the  piston, 
while  the  piston  itself  is  an  independent  bolt  or  hammer  of  suitable  weight,  travers- 
ing backwards  and  forwards  like  a  shuttle  in  the  cylinder,  and  striking  the  end  of 
the  swage  tool  within  the  cylinder.  By  this  arrangement  the  swage  tool  or  tool- 
head  remains  almost  stationary,  and  the  length  of  the  machine  is  reduced  to  only 
the  length  of  the  stroke  of  the  piston,  together  with  the  struck  part  of  the  tool- 
head,  the  length  of  the  piston,  and  the  thickness  of  the  back  cover,  and  the  length 
required  for  the  stroke  outside  the  cylinder,  and  for  the  shuffling  box  are  got  rid  of 
altogether.  This  is  not  only  a  saving  of  length,  but  also  an  economic  simplification, 
and  does  away  with  the  risk  of  breaking  the  bottom  of  the  cylinder  by  an  unob- 
structed stroke  of  the  hammer,  since  the  tool-head,  being  entirely  loose  in  the 
cylinder,  acts  as  a  safety  bottom  to  the  cylinder.  In  rivetting,  the  tool-head  simply 
follows  the  rivet,  as  it  is  hammered  up  and  remains  in  contact  with  it,  so  that  the 
workman  has  to  look  at  an  almost  stationary  tool-head  instead  of  at  a  rapidly 
moving  hammer,  and  be  can,  therefore,  better  adjust  the  position  of  the  machine  to 
the  proper  formation  of  the  rivet  head.  The  machine  is  of  such  a  size  that  the 
workman  can  hold  it  in  its  position  independent  of  its  mechanical  fixings.  With 
steam  at  sixty  pounds  pressure  per  square  inch,  it  is  found  sufficient  to  make  firm 
work  with  lj-inch  rivets.  The  machine  weighs  thirty-six  pounds,  and  is  perfectly 
portable.  It  is  Mr  M'Farland  Gray's  patent.  At  straightforward  work,  such  as 
the  sides  of  the  Britannia  Tube,  it  will  fix  fifteen  hundred  1-inch  rivets  in  a  day  of 


ten  hours,  and  does  not  require  skilled  labour.  Two  men  work  the  machine,  and 
are  supplied  with  rivets  by  rivet  luds  in  the  usual  way.  The  machine  will  be  in 
motion  during  the  visit  of  the  engineers. 

On  each  of  the  above  papers  discussions  took  place. 

With  respect  to  the  paper  of  Mr.  Grubb,  it  was  remarked  that  he 
had  in  his  very  succinct  and  modest  account  of  his  bank-note  printing 
machine,  done  himself  less  than  justice,  inasmuch  as  he  had  omitted 
all  notice  of  the  anterior  history  of  mechanical  bank-note  printing  ;  and 
hence  had  not  enabled  those  members  present,  who  were  not  familiar 
with  the  subject,  duly  to  estimate  the  amount  of  improvement  that  was 
due  to  himself. 

Prior  to  about  the  year  1 820,  all  bank-note  printing  was  performed 
by  hand  labour  wholly,  by  copperplate  printers,  after  the  manner  of 
taking  off  impressions  of  fine  art  engravings.  About  that  time  the  elder 
John  Oldham,  a  man  of  singular  ingenuity,  who  had  been  brought  up 
a  miniature  painter  and  afterwards  a  working  calico  printer,  proposed 
to  execute  certain  parts  at  least  of  the  printing  of  the  notes  of  the  Bank 
of  Ireland  by  mechanical  means,  and  also  certain  precautions  against 
forgery,  amongst  which  was  the  use  of  the  numbering  machine  invented 
by  the  late  Joseph  Bramah,  of  London. 

The  Directors  of  the  Bank  of  Ireland  of  that  day,  engaged  Mr.  John 
Oldham  to  carry  into  operation  his  own  projects,  in  the  mechanical 
completion  of  which  Mr.  John  Mallet,  of  Dublin,  assisted,  and  as  a 
mechanical  engineer  constructed  the  machinery,  such  as  it  was  em- 
ployed for  several  years,  at  the  banks  both  of  Ireland  and  of  England. 

The  impressions  were  taken  from  copper  plates,  steel  engraving 
being  as  yet  unknown,  which  were  inked  and  cleaned  by  hand  in  the 
old  way,  being  heated  on  flat  steam  tables  on  which  they  lay  during 
the  process.  The  plate  was  then  laid  upon  the  table  of  the  rolling 
press.  This  table  consisted  of  two  gun-metal  pieces,  each  of  a  flat 
wedge  shape,  sliding  on  each  other  with  much  accuracy  ;  so  that  the 
upper  and  under  surfaces  always  remained  parallel  to  each  other, 
although  by  the  sliding  over  each  other  of  the  wedges  the  total  thickness 
was  increased  or  reduced  at  pleasure.  As  soon  as  the  copper  plate 
was  laid  on  the  top  surface  the  under  wedge  piece  was  slided  home ; 
the  plate  then  came  in  contact  with  the  upper  roller  and  passed  through 
under  severe  pressure,  taking  off  an  impression  on  the  superimposed 
sheet  of  bank-note  paper  as  it  passed.  Mr.  Oldham's  view  was 
always  thus  to  print  "skin  to  skin,"  as  he  called  it,  there  being  no 
other  compressible  and  elastic  material  present  except  the  thin  piece 
of  note  paper  itself.  Mr.  J.  Mallet  was  always  of  opinion  that  some 
elastic  medium,  such  as  felt,  or  the  like,  must  be  interposed,  and  that 
sooner  or  later  the  copper  plates  themselves  must  roll  out  under  the 
severe  pressure  needed  to  thus  take  off  an  impression  at  all ;  and 
ultimately  differences  of  opinion  arose  between  Mr.  Oldham,  the 
engineer  to  the  bank,  and  Mr.  Mallet,  their  manufacturing  engineer, 
on  this  ground — alleged  inaccuracies  of  workmanship  in  the  sliding 
tables  being  clearly  proved  to  have  been  produced  subsequently  by  the 
distortion  due  to  the  severe  pressure,  and  ultimately  elastic  packing  was 
introduced  by  Mr.  Oldham  himself.  To  the  end  of  the  career  of  the 
elder  Oldham,  however,  and  to  that  of  his  son,  who  held  afterwards  a 
like  appointment  at  the  Bank  of  England,  very  much  of  the  work  of 
printing  the  notes  was  performed  by  hand ;  in  fact,  the  use  of  power 
was  almost  confined  to  rolling  off  the  impressions  from  the  hand  inked 
and  wiped  plates. 

The  numbering  machines  even  were,  it  was  believed,  wrought 
wholly  by  hand,  and  required  changing  by  hand,  after  a  certain  number 
of  figures  had  been  passed. 

Upon  the  advent  of  Mr.  Grubb,  as  engineer  to  the  Bank  of  Ireland, 
about  1842,  he  speedily  changed  all  this.  Departing  widely  in  model 
from  any  prototype  that  existed,  he  soon  produced  in  a  complete  form 
the  automatic  bank-note  printing  machine,  of  which  an  account  had  just 
been  read  by  himself.  It  had  been  the  speaker's  good  fortune  to  see 
that  machine  at  work  not  very  long  after  its  completion,  and  by  invi- 
tation of  its  inventor  and  constructor,  and  nothing  was  more  striking 
than  the  perfection,  to  the  minutest  detail,  of  its  action,  and  the  perfect 
prevoyance  with  which  every  condition  and  contingency,  had  been  from 
the  first  design  provided  for. 

The  machine  performed  most  complex,  delicate,  and  peculiar  move- 
ments, and  yet  the  simplicity  of  means  by  which  these  were  attained  in 
the  machine  (which  was  one  of  the  most  beautiful  examples  of  cam- 
work,  which  the  speaker  had  ever  seen),  bore  upon  them  the  stamp 
of  the  highest  mechanical  genius  on  the  part  of  its  author. 
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Under  Mr.  GrubVs  control  the  whole  of  the  operations  of  printing 
bank  notes  had  become  mechanical  and  automatic.  The  engraving  of 
the  steel  plates  was  done  mechanically,  and  to  a  great  extent  by  rolling 
pressure,  and  always  under  the  field  of  the  microscope.  The  machine 
for  printing  performed  every  operation  required,  as  the  meeting  had 
heard;  and  the  numbering  machines  had  been  greatly  improved, 
increased  in  their  numerical  range,  made  self-inking,  and,  in  fact,  were 
perfectly  automatic,  and  even  embraced  some  curious  arrangements  by 
which  the  machine  stopped  if  a  note  were  wrongly  presented  to  it  or 
badly  numbered.  As  the  speaker  had  himself  a  personal  knowledge  of 
these  facts,  he  did  not  feel  that  it  was  necessary  to  apologize  to  the 
meeting  for  having  detained  it,  by  thus  briefly  supplying  the  omission  of 
those  historical  details  by  which  the  great  advance  due  to  Mr.  Grubb 
was  placed  in  its  just  light. 

VISIT  TO  THE  BALLYCOKUS  MINES. 

At  two  o'clock  the  members  of  the  Institute  proceeded  on  an  excur- 
sion to  Ballycorus,  county  Wicklow,  to  visit  the  extensive  works  of  the 
Mining  Company  of  Ireland.  They  were  received  by  the  local  officers 
of  the  company,  who  conducted  them  through  the  works,  which  they 
examined  minutely,  and  with  which  they  expressed  themselves  highly 
pleased.  Having  partaken  of  luncheon  provided  for  them  by  the  com- 
pany, they  returned  to  town  by  the  5.45  train  from  Carrickmines. 

The  works  of  the  Mining  Company  of  Ireland,  which  it  may  be 
remarked,  has  for  some  years  paid  one  of  the  largest  dividends  of  any 
British  mining  company,  consist  of  smelting  works  for  galena,  the 
requisite  plants  for  desilverizing  the  pig  lead  and  for  refining  the  silver, 
a  rolling  mill  fur  sheet  lead,  one  for  drawing  lead  pipes,  and  a  shot 
tower.  We  believe  the  manufacture  of  litharge  has  not  been  pursued 
in  connection  with  the  refinery. 


THE   BIRMINGHAM   CHAMBER   OF   COMMERCE. 

At  the  half-yearly  meeting  of  this  body  held  on  the  2nd  August,  18G5, 
Mr.  J.  S.  Wright,  of  Birmingham,  the  chairman,  in  moving  the  adop- 
tion of  the  report,  made  the  following  observations: — 

In  the  existing  state  of  things  as  respects  the  patent  law,  we  think 
the  views  of  the  chairman  of  a  body  of  so  much  influence  and  knowledge 
of  the  varieil  manufactures  of  Birmingham  and  of  the  neighbourhood, 
worthy  of  extract  in  these  pages.  The  other  remarks  upon  the  working 
of  our  foreign  mercantile  treaties,  and  on  various  questions  of  mercantile 
legislation,  seem  equally  worthy  of  notice. 

The  Chairman,  in  moving  the  adoption  of  the  report,  said  the  question  of  the 

patent  laws  appeared  to  have  passed  into  a  new  phase.     Some  twelve  years  ago  the 

patent  laws  had  become  about  as  bad  as  the  bankruptcy  law  at  the  present  time, 

and   for  some   years  they  had   had   the   attention  of  the    Birmingham  Chamber. 

Amendments  had  already  been  made,  and  further  alteration  had  been  suggested  to 

the  Royal  Commission,  which,  if  adopted,  would  improve  the  law  still  further.      He 

need  not  say  what  advantage  a  patent  law  was  to  a  trading  community  like  that 

of  Birmingham,  where  so  very  much  depended  upon  frequent  improvements  in  our 

manufactures  and  inventions.     If  anything  was  done  by  Act  of  Parliament  which 

would  have  the  effect  of  repressing  the  energies  of  the  artisans  and  manufacturers, 

great  harm  would  be  done  to  trade  generally.     It  seemed  to  him  that  the  principle 

of  the  patent  law  was  quite  right.      They  had   heard  a  great  deal  lately  about 

monopoly,  but  surely  no  one  would  begrudge  Watt  the  benefit  which  he  derived 

from  his  improvements  in  the  steam  engine;  Elkingtons,  from  the  development  of 

the  electro-plate  trade;  Mr.  Walker,  from  his  improved  axles,  which  had  rendered 

railway  travelling  much  safer  than  heretofore;  or  those  who  had  utilized  gas  tar — 

a  seemingly  useless  article — and  produced  from  it  some  of  the  most  brilliant  colours, 

from  the  benefit  to  be  derived  from  their  skill.     It  seemed  but  just  that  inventors 

should  derive  some  advantage  from  their  skill,  and  even  if  there  was  a  monopoly  it 

only  extended  over  fourteen  years.      Generally  it  was  only  seven,  frequently  three 

only,  and  quite  as  often  only  extended  over  six  months.     It  was  sometimes  said  that, 

directly  a  man  made  an  invention  he  found  himself  hampered  by  some  previous 

patents,  but  this  only  showed  that  some  one  had  considered  the  matter  before,  and 

by  force  of  superior  skill,  had  gained  an  advance  from  which  he  was  entitled  to  reap 

a  personal  advantage.     Then,  again,  it  was  said  that  patents  should  only  be  granted 

to  useful   inventions;  but  who  should  decide  the  question  of  utility,  and  where 

should  the  line  of  distinction  be  drawn  ?     Then,  again,  it  was  said  that  for  such 

inventions  patents  should  not  be  granted,  but  a  sum  of  money  should  be  given  as 

reward  from  the  public  exchequer.     There  were  very  many  objections  to  this  last 

suggestion,  which  he  did  not  think  would  work  in  practice  at  all.     He  thought, 

upon  mature  consideration,  the  present  plan  would  be  found  to  be  the  best.    Another 

subject  of  great  importance  dealt  with  in  the  report  was  that  of  foreign  tariffs,  and 

with  regard  to  this  they  had  not  much  result  to  show.     The  Zollverein  treaty,  of 

which  England  got  the  advantage  through  the  working  of  the  favoured  nation  clause, 

would  not,  he  thought,  turn  out  such  a  great  thing  for  this  neighbourhood  as  had 

been  thought  by  some.     He  did  not  think  that  in  Saxony,  or  Bavaria,  or  any  other 

of  the  German  States  composing  the  Zollverein,  many  Birmingham  goods  would  be 


used — the  treaty  was  still  far  too  prohibitive  for  that.     However,  as  would  be  seen 
from  the  report,  seed  had  been  sown  in  Austria  which  he  believed  would  produce 
very  abundant  fruit  before  long.     If  this  were  so  it  would  be  a  matter  of  con- 
gratulation to  the  council  of  the  Chamber,  which  had  given  very  great  attention  to 
matters  connected  with   this  subject,  which  had   been  remitted   to  them  by  the 
Foreign  Office.    He  was  not  at  liberty  to  mention  the  result  of  the  visit  of  inspection 
which  Messrs.  S.  S.  Lloyd  and  J.  D.  Goodman  had  paid  to  certain  manufactories 
now  existing  in  Moscow,  and  which  would  be  printed  in  a  Blue-book ;   but  he  could 
say  that  these  results,  when  they  became  known,  would  be  found  to  be  very  satis- 
factory, from  the  known  ability  of  those  gentlemen,  and  their  great  interest  in  trade 
generally,  and  those  of  Birmingham  in  particular.      He  hoped  that  speedily  other 
continental  nations  would  follow  the  example  of  Austria,  Holland,   Belgium,  and 
Turkey.     The  tariff  of  Turkey  was  only,  he  believed,  3  or  4  per  cent. ;  that  of 
Holland,  from  3   to  10 ;  and  that  of  Belgium,  G  and  7 ;  none  of  which  could  be 
regarded  as  prohibitive  tariffs.     A  word  to  Birmingham  manufacturers.    They  must 
not  think  that  simply  because  continental  nations  adopted  a  low  tariff,  they  were 
going  to  send  into  those  countries  large  quantities  of  goods.     He  thought  they  were 
not  paying  a  sufficient  amount  of  attention  to  the  continental  trade.     An  Italian 
merchant  the  other  day  said  to  him,  "  0,  you  English  have  such  important  colonies, 
and  such   an   important  oriental  trade,  that  you  really  care  nothing  about  the 
Italian  or  continental  trades."     He  (Mr.  Wright)  was  afraid  there  was  too  much 
truth  in  this  remark.     He  remembered  that  some  thirty  years  ago  the  principal  com- 
mercial houses  in  Birmingham  traded  mainly  with  the  Continent,  and  the  India  and 
China  trade  was  very  limited;   but  now  the  position  was  changed,  and  the  oriental 
trade  was  becoming  most  important,  while  the  continental  trade  was  dwindling 
down  to  a  very  poor  affair.      During  his  recent  visit  to  Italy,  the  result  of  a  very 
close  inspection  was  that  comparatively  few  of  the  productions  of  Birmingham  were 
to  be  seen.     It  had  been  told  to  him  by  an  Italian  gentleman,  that  where  one 
English  traveller  in  the  hardware  line  was  seen  on  the  Continent,  there  were  at 
least  ten  French  and  German  manufacturers,  and  he  knew  of  his  own  knowledge 
that  these  men  had  been  using  the  most  extraordinary  exertions  to  introduce  their 
goods  into  almost  every  town  of  the  Continent — there  was  no  order  too  small,  and 
no  trade  too  insignificant  for  them.     Now,  it  should  be  remembered  that  while  the 
French  and  Germans  were  supplanting  them  on  the  Continent,  they  might  do  the 
same  in  our  colonies,  in  India,  and  in  China.     He  did  not  envy  the  advance  of  the 
French  and  Germans,  but  he  did  not  want  their  success  to  be  at  our  expense.     He 
did  not  exactly  like  the  idea  of  being  distanced  in  the  race,  and  while  the  French 
and  Germans  went  ahead  the  English  should  keep  level  with  them.      He  thought 
the  state  of  things  to  which  he  had  adverted  was  due  to  the  fact,  that  Birmingham 
manufacturers  did  not  pay  sufficient  attention  to  the  style  and  requirements  of  the 
countries  with  which   they  traded.     They  must   have  the   goods  exactly  as  the 
manufacturers  chose  to  make  them,  or  do  without  them.     He  believed  that  in  France 
and  Germany  the  contrary  was  the  case — a  fact  which  he  wished  to  impress  upon 
the  manufacturers.     Another  particular  in  which  the  French  surpassed  us,  was  in 
the  manner  in  which  they  uput  up"  their  goods.     A  customer  of  his  on  the  Con- 
tinent had  told  him,  that  he  took  an  article  of  English  manufacture  which  was 
worth  a  shilling,  and  the  manner  in  which  he  "put  it  up"  doubled  its  commercial 
value.      He  was  afraid  in  his  own  case,  and  in  that  of  a  good  many  of  his  brother 
manufacturers,  there  was  a  good  deal  of  truth  in  this.      Another  advantage  the 
French  had  over  us  was,  that  they  were  in  the  habit  of  sending  their  goods  to  the 
doors  of  their  customers  with  all  the  cost,  including  transit,  and  everything  paid. 
English  manufacturers  had  for  so  many  years  had  everything  their  own  way,  that 
they  were  slow  to  accommodate  themselves  to  the  wishes  of  their  customers.    Then 
again,  when  that  wonderful  undertaking,  the  tunnel  through  the  Alps,  was  com- 
pleted, it  would  give  the  continental  manufacturers  this  further  advantage,  that 
they  would  be  able  to  send  a  package  of  goods  from  the  manufactory  in   Paris  or 
Elberfield,  to  Florence,  Milan,  or  Naples,  as  easily  as  he  (Mr.  Wright)  could  send 
a  similar  package  to  Glasgow.     Unless,  therefore,  our  manufacturers  endeavoured 
more  than  at  present  to  make  their  goods  suitable  to  the  market  for  which  they 
were  intended,  instead  of  relying  solely  upon  reduced  tariffs,  the  continental  trade 
would  dwindle  almost  into  insignificance.     It  might  be  that  they  would  keep  up 
their  returns  as  far  as  plain  goods  were  concerned,  but  assuredly,  so  far  as  the 
trade  in  fancy  goods  and  those  manufactures  in  metal  upon  which  Birmingham  had 
so  long  prided  itself  was  concerned,  they  would  be  entirely  beaten  out  of  the  market. 
In  Southern  Italy — where  he  must  remark,  in  passing,  there  was  a  good  iron  bed- 
stead and  a  clean  bed  upon  it,  as  a  rule,  in  the  poorest  house — he  could,  after  a 
very  careful  examination,  trace  none  of  Birmingham  manufacture.      England  had 
no  especial  advantage   over  any  other  country;    and   he    repeated  it,  unless  her 
manufacturers  looked  to  it,  they  would  be  beaten  out  of  the  market  by  their  conti- 
nental neighbours.     There  was  only  one  other  subject  on  which  he  wanted  to  speak, 
and  that  was  the  charges  made  by  railway  companies  for  carriage  of  goods,  a  subject 
the  importance  of  which  could  not  be  overrated,  especially  in  an  inland  town  like 
Birmingham,  whose  trade  to  a  great  extent  consisted  in  articles  in  what  mi^ht  he 
called  the  second  stage  of  manufacture,  such  as  metal  plates,  wire  of  different  kinds, 
tubes,  and  such  like.     The  cost  of  conveying  raw  material,  of  which  such  things 
were  made,  inland  to  Birmingham,  and  back  again  to  the  port  from  which  they 
had  to  be  shipped,  was  in  most  instances  equal  to  a  fair  profit ;  and  therefore  it  was 
clear  that  they  must  have  the  lowest  possible  rates  of  carriage,  or  the  trade  would 
migrate  to  the  sea-coast.     At  present  the  railway  companies  had  grown  into  a 
gigantic  power,  having  the  monopoly  of  transit  not  only  of  our  persons,  but  also  of 
the  whole  productions  of  the  country.     It  was  true  they  had  derived  great  advantages 
from  railways;   but  it  must  be  remembered  that  it  was  not — as  certain  politicians 
had  recently  said — upon  the  railways  that  our  national  prosperity  depended,  but 
the  railways  which  were  dependent  upon  the  advance  of  commerce.    At  the  present 
time  the  railways  did  exactly  what  they  liked,  and  raised  or  lowered  the  rate  of 
carriage  of  certain  goods,  or  to  certain  places,  just  as  it  suited  their  directors,  and 
without  consulting  their  customers  at  all.     When  they  considered  this  great  power, 
and  how  it  might  be  used,  it  became  of  great  importance  that  some  check  should 
be  put  upon  it;  but  the  question  was  one  which  could  not  be  settled  in  a  hurry, 
but  must  have  mature  consideration,  for  he  could  say  from  his  own  knowledge  that 
in  consequence  of  the  rates  charged,  trades  had  been  entirely  removed  from  this 
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localitv.  Gentlemen  present  mi^ht  have  observed  in  the  papers  a  few  days  ago, 
that  the  Iluddersfield  Chamber  had  been  asked  to  settle  a  dispute  between  certain 
masters  and  their  men  with  regard  to  the  rate  of  wages.  Originally  it  was  intended, 
upon  the  establishment  of  Chambers  of  Commerce,  that  they  should,  in  addition  to 
their  other  functions,  act  as  courts  of  arbitration  in  such  matters,  and  two  respect- 
able firms  had  submitted  a  question  of  the  kind  to  the  Birmingham  Chamber, 
agreeing  to  be  bound  by  the  decision.  Whether  this  principle  could  not  be  enlarged, 
and  Chambers  of  Commerce  settle  disputes  of  this  kind  in  a  friendly  way,  and 
quite  as  equitably  as  the  lawyers,  was  a  matter  which  must  have  considerable 
attention ;  and  all  would  rejoice  if  it  were  found  that  such  a  course  could  be  fo 'lowed. 

The  report  was  adopted. 

The  following  resolution  was  also  adopted  : — ■ 

"That  inasmuch  as  the  recent  Act  to  amend  the  Law  of  Partnership  does  not 
provide  for  the  compulsory  registration  of  partnerships,  this  Chamber  desires  to 
express  its  conviction  that  the  partnership  law  will  not  be  satisfactory  to  the 
commercial  public  until  a  complete  registration  of  partnerships  is  provided  for  by 
legislative  enactment." 

In  reference  to  the  effects  of  the  new  treaty  with  Prussia  as  regards  trade  marks, 
a  communication  was  read  from  Mr.  Bartlett,  needlemaker,  at  Redditch,  of  which 
the  following  is  an  extract:  — 

"  It  appears  to  me  very  important  that  the  German  manufacturers  should,  without 
delay,  be  led  to  understand  that  England  intends  to  enforce,  as  far  as  possible,  the 
law  with  respect  to  trade  marks,  and  that  it  would  be  well  to  establish  a  society  in 
connection  with  the  Chamber  of  Commerce  for  the  protection  of  British  trade  marks 
in  foreign  countries.  If  such  a  society  were  established,  and  supported  hy  the 
united  Chambers  of  Commerce  of  Great  Britain,  I  believe  that  the  knowledge  alone 
of  such  a  fact  would  tend  greatlv  to  put  a  stop  to  the  counterfeit  marks  which  at 
present  do  such  great  injury  to  British  commerce,  and  that  in  connection  with  such 
a  society  manufacturers  would  not  hesitate  to  take  legal  steps  when  necessary  to 
take  them." 

This  was  referred  to  the  Council  for  consideration. 
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SUBJECTS   FOR   PREMIUMS,   SESSION   1S">5-GS. 

The  Council  of  the  Institution  of  Civil  Engineers  invite  communications  on  the 
subjects  comprised  in  the  following  list,  as  well  as  upon  others;  such  as — 1, 
Authentic  details  of  the  progress  of  any  work  in  civil  engineering,  as  far  as  absolutely 
executed  (Smeaton's  account  of  the  Edystone  Lighthouse  may  be  taken  as  an 
example);  2,  Descriptions  of  engines  and  machines  of  various  kinds  ;  or,  3,  Practical 
essays  on  subjects  connected  with  engineering,  as,  for  instance,  Metallurgy.  For 
approved  original  communications,  the  Council  will  be  prepared  to  award  the 
premiums  arising  out  of  special  funds  devoted  for  the  purpose. 

The  Council  will  be  glad  to  receive,  for  the  purpose  of  forming  an  "  appendix  "  to 
the  Minutes  of  Proceedings,  the  details  and  results  of  any  experiments,  or  observa- 
tions, on  subjects  connected  with  engineering  science  or  practice. 

1.  On  the  Theory  and  Details  of  Construction  of  Metal  and  Timber  Arches. 

2.  On  Land-slips,  with  the  best  means  of  preventing,  or  arresting  them,  with 

examples. 

3.  On  the   Principles  to  be  observed  in   Laying-out  lines  of   Railway  through 

mountainous  countries,  with  examples  of  their  application  in  the  Alps,  the 
Pyrenees,  the  Indian  Ghauts,  the  Rocky  Mountains  of  America,  and  similar 
cases. 

4.  On  the  Principles  to  be  observed  in  the  designing  and  arrangement  of  Terminal 

and  other  Railway  Stations,  Repairing  Shops,  Engine-sheds,  &c,  with 
reference  to  the  traffic  and  the  rolling  stock. 

5.  On  Railway  Ferries,  or  the  Transmission  of  Railway  Trains  entire  across  Rivers, 

Estuaries,  &c. 

6.  On  Locomotive  Engines  for  ascending  Steep  Inclines,  especially  when  in  com- 

bination with  sharp  curves,  on  Railways. 

7.  On  the  Pneumatic  System  for  the  conveyance  of  Passengers  and  Goods. 

8.  On  the  Results  of  a  series  of  observations  on  the  Flow  of  Water  from  the 

Ground ;  with  accnrately-recorded  Rain-gauge  Registries  in  the  same 
locality,  for  a  period  of  not  less  than  twelve  months. 

9.  On  the  Construction  of  Catch-water  Reservoirs  in  Mountain  Districts,  for  the 

supply  of  Towns,  or  for  Manufacturing  purposes. 

10.  Accounts  of  existing  Water-works;  including  the  source  of  supply,  a  description 

of  the  different  modes  of  collecting  and  tiltering,  the  distribution  throughout 
the  streets  of  Towns,  and  the  general  practical  results. 

11.  On  the  Structural  Details,  and  the   Results  in  Use,  of  Apparatus  for  the 

Filtration  of  large  volumes  of  water. 

12.  On  the  Construction  of  Gas  Works,  the  most  economical  system  of  distribution 

of  Gas,  and  the  best  modes  of  Illumination  in  Streets  and  Buildings. 

13.  A  History  of  any  Fresh  Water  Channel,  Tidal  River,  or  Estuary — accompanied 

by  plans  and  longitndinal  and  cross  sections  of  the  same,  at  various  periods, 
showing  the  alterations  in  its  condition — including  notices  of  any  works 
which  may  have  been  executed  upon  it,  and  of  the  effects  of  the  works; 
particularly  of  the  relative  value  of  Tidal  and  Fresh  Water,  of  the  effect  of 
Inclosnres  from  the  Tidal  Area  upon  the  general  regime,  of  Sluicing  where 
applied  to  the  improvement  of  the  entrance  or  the  removal  of  a  Bar,  and 
of  Groynes,  or  Parallel  Training  Walls.  Also,  of  Dredging,  with  a  descrip- 
tion of  the  Machinery  employed,  and  the  cost  of  raising  and  depositing  the 
material. 

14.  On  the  Construction  of  Tidal,  or  other  Dams,  in  a  constant  or  variable  depth 

of  water;  and  on  the  use  of  wrought  iron  in  their  construction. 

15.  On  Graving  Docks  and  mechanical  arrangements  having  a  similar  object,  with 

the  conditions  determining  their  relative  applicability  in  particular  eases,  as 
dependent  on  the  rise  of  tide,  the  depth  of  water,  and  other  circumstances. 
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16.  On  the  arrangement  and  Construction  of  Floating  Landing-stages,  for  passenger 

and  other  traffic,  with  existing  examples. 

17.  On  the  different  systems  of  Swing,  Lifting,  and  other  opening  Bridges,  with 

existing  examples. 

18.  On  the  Construction  of  Lighthouses,  their  Machinery  and  Lighting  Apparatus; 

with  notices  of  the  methods  in  use  for  distinguishing  the  different  Lights. 

19.  On  the  Measure  of  Resistance  to  Steam  Vessels  at  high  Velocities. 

20.  On  the  Results  of  the  Employment  of  Steam  Power  on  Canals,  and  of  other 

measures  for  the  Improvement  of  Canals  as  a  means  of  conveyance  for 
heavy  traffic. 

21.  On  Turbines  and  other  Water  Motors  of  a  similar  character;  and  their  con- 

struction and  performance,  in  comparison  with  Water-wheels. 

22.  On  the  present  systems  of  Smelting  Iron  Ores;  of  the  conversion  of  cast  iron 

into  the  malleable  state,  and  of  the  manufacture  of  iron  generally,  comprisiug 
the  distribution  and  management  of  Iron  Works. 

23.  On  the  Manufacture  of  Iron  for  Rails  and  Wheel  Tires,  having  special  reference 

to  the  incre.ised  capability  of  resisting  lamination  and  abrasion;  and  accounts 
of  the  Machinery  required  for  rolling  heavy  Rails,  Shafts,  and  bars  of  Iruii 
of  large  sectional  area. 

24.  On  the  Bessemer  and  other  processes  of  Steel-making;  on  the  present  state  of 

the  Steel  Manufacture  on  the  Continent  of  Europe  ;  and  on  the  employment 
of  castings  in  Steel  for  Railway  Wheels  and  other  objects. 

25.  On  the  Use  of  Steel  for  the  Tires  and  Cranked  Axles  of  Locomotive  Engin*  s, 

especially  with  reference  to  its  durability  and  the  cost  of  repairs,  as  com- 
pared with  Iron  of  acknowledged  good  quality:  and  on  the  use  of  Steel 
Bars  and  Plates  generally  in  Engine-work  and  Machinery,  for  Boilers  and 
for  Shipbuilding,  as  well  as  for  Bridges. 
2G.  On  the  safe  working  strength  of  Iron  and  Steel,  including  the  results  of  experi- 
ments on  the  Elastic  Limit  of  long  bars  of  Iron,  and  on  the  rate  of  decay 
by  rusting,  &c,  and  under  prolonged  strains. 

27.  On  the  Transmission  of  Electrical  Signals  through  Submarine  Cables. 

28.  On   the    present  relative  position  of  English  and    Continental    Engineering 

Manufactories,  especially  with  reference  to  their  comparative  positions  in 
respect  of  the  cost,  and  the  character  of  the  work  produced. 

29.  Memoirs  and  Accounts  of  the  Works  and  Inventions  of  any  of  the  following 

Engineers: — Sir   Hugh   Middleton,  Arthur  Woolf,  Jonathan    Hornblower, 
Richard  Trevithick,  William  Murdoch  (of  Suko),  Alexander  Nimmo,  and 
John  Rennie. 
Original  Papers,  Reports,  or  designs,  of  these,  or  other  eminent  individuals, 
are  particularly  valuable  for  the  Library  of  the  Institution. 
The  Council  will  not  consider  themselves  bound  to  award  any  Premium,  should 
the  Communication  not  be  of  adequate  merit;   but  they  will  award  more  than  one 
Premium,  should  there  be  several  communications  on  the  same  subject  deserving 
this  mark  of  distinction.     It  is  to  be  understood  that,  in  awarding  the  Premiums, 
nj  distinction  is  made,  whether  the  Communication  has  been  received  from  a  Mem- 
ber, or  an  Associate  of  the  Institution,  or  from  any  other  person,  whether  a  Native, 
or  a  Foreigner. 

The  Communications  must  be  forwarded,  on  or  before  the  1st  of  Januarv, 
18G6,  to  the  house  of  the  Institution,  No.  2a  Great  George  Street,  Westminster, 
S.W.,  where  copies  of  this  paper,  and  any  further  information,  may  be  obtained. 

CHARLES   MANBY,  Honorary  Secretary. 
JAMES   FORREST,  Secretary. 
25  Great  George  Street,  Westminster,  S.W., 
July,  1865. 


EXTRACTS   from  the   minutes   OF   COUNCIL,   FEBRUARY   23rd,    1835. 
"The  principal  subjects  for  which  Premiums  will  be  given  are  : — 

"  1st.  Descriptions,  accompanied  by  Plans  and  explanatory  Drawings,  of  anv 
work  in  Civil  Engineering,  as  far  as  absolutely  executed ;  and  which 
shall  contain  authentic  details  of  the  progress  of  the  Work.  (Smea- 
ton's Account  of  the  Edystone  Lighthouse  may  be  taken  as  an 
example) 

11  2nd.  Models  or  Drawings,  with  descriptions  of  useful  Engines  and  Machines; 
Plans  of  Harbours,  Bridges,  Roads,  Rivers,  Canals,  Mines,  &c. ;  Sur- 
veys and  Sections  of  Districts  of  Country. 

"  3rd.  Practical  Essays  on  subjects  connected  with  Civil  Engineering,  such  as 
Geology,  Mineralogy,  Chemistry,  Physics,  Mechanic  Arts,  Statistics, 
Agriculture,  &c. ;  together  with  Models,  Drawings,  or  Descriptions  of 
any  new  and  useful  Apparatus,  or  Instruments  applicable  to  the 
purposes  of  Engineering  or  Surveying.*' 


excerpt  by-laws,  section  xrv.,  CLAUSE,  o. 

"  Every  Paper,  Map,  Plan,  Drawing,  or  Model  presented  to  the  Institution 
shall  be  considered  the  property  thereof,  unless  there  shall  have  been  some  previous 
arrangement  to  the  contrary,  and  the  Council  ni3y  publish  the  same,  in  any  way  and 
at  any  time  they  may  think  proper.  But  should  the  Council  refuse  or  delay  the 
publication  of  such  Paper  beyond  a  reasonable  time,  the  Author  thereof  shall  have 
a  right  to  copy  the  same,  and  to  publish  it  as  he  may  think  fit,  having  previously 
given  notice,  in  writing,  to  the  Secretary,  of  his  intention.  No  person  shall  publish, 
or  give  his  consent  for  the  publication  of  any  communication  presented  and  belong- 
ing to  the  Institution,  without  the  previous  consent  of  the  Council.'' 

instructions  for  preparing  COMMUNICATIONS. 

The  Communications  should  be  written   in   the   impersonal   pronoun,  and   be 

legibly  transcribed  on  foolscap  paper,  about  thirteen  inches  by  eight  inches,  the  lines 

being  throe-quarters  of  an  inch  apart,  on  the  one  side  only,  leaving  a  margin  of  one 

inch  and  a  half  in  width  on  the  left  side,  in  order  that  the  sheets  may  be  bound. 

The  Drawings  should  be  on  mounted  paper,  and  with  as  many  details  as  may 
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be  necessary  to  illustrate  the  subject.  Enlarged  Diagrams,  to  such  a  scale  that 
they  may  be  clearly  visible,  when  suspended  on  the  walls  of  the  Theatre  of  the 
Institution,  at  the  time  of  reading  the  communication,  should  be  sent  fur  the  illus- 
tration of  any  particular  portions. 

Papers  which  have  been  read  at  the  Meetings  of  other  Scientific  Societies,  or 
have  been  published  in  any  form,  cannot  be  read  at  a  Meeting  of  the  Institution, 
nor  be  admitted  to  competition  for  the  Premiums. 


THE    SOCIETY    OF    ARTS. 


ON    THE    WEAR    AND    TEAU    OF    STEAM    BOILERS. 
Br  Frederick  Arthur  Paget,  Esq.,  C.E. 

According  to  the  published  report  of  the  engineer  of  the  Manchester  Boiler 
Assurance  Company,  forty-three  explosions,  attended  with  a  loss  of  seventy-four 
lives,  occurred  in  1864  in  this  country.  The  engineer  of  the  Midland  Boiler  Assurance 
Company  gives  the  number  as  forty-eight,  causing  the  deaths  of  seventy-five  and  the 
injury  of  120  persons.  These  statistics  are  confessedly  incomplete,  being,  from 
obvious  causes,  numerically  understated.  The  Royal  Commissioners  on  the  metallic 
mines  report  that,  in  the  districts  of  Cornwall  and  Devon,  boiler  explosions  are  of 
very  frequent  occurrence;*  and,  in  these  sparsely  populated  districts,  they  easily 
escape  the  public  attention.  Explosions,  again,  which  only  injure  without  killing 
outright,  and  therefore  do  not  call  for  a  coroner's  inquest,  also  happen  without 
attracting  much  notice.  The  figures  cited  thus  understate  the  destruction  and 
injury  to  life  through  boiler  explosions,  while  only  a  guess  can  be  hazarded  as  to 
the  annual  loss  of  property  they  cause.  Each  explosion  testifies  to  the  probability 
that  a  number  of  boilers  have  been  prevented  from  exploding  by  mere  chance,  as 
also  to  much  unchecked  decay  and  deterioration,  which  might  have  been  obviated 
by  greater  care  and  more  knowledge.  Besides,  apart  from  the  disastrous  results  of 
an  explosion  itself,  the  undue  wear  and  tear  of  boilers  means  the  suspension  of  the 
workshop  or  factory  and  the  demurrage  of  the  steam-vessel.  With  respect  to  the 
causes  of  explosions  themselves,  "  there  are,"  to  use  the  words  of  the  late  Mr. 
Robert  Stcphenson,|  "  but  few  cases  which  do  not  exhibit  undue  weakness  in  some 
part  of  the  boiler ; "  and  the  same  opinion  appears  to  be  held  by  Professor  Faraday.  J 
The  opinion  that  an  explosion  is  rather  due  to  the  weakness  of  the  boiler  than  to 
the  strength  of  the  steam  may  in  fact  be  said  to  be  universal.  There  is,  indeed,  a 
vary  complete  train  of  mechanical,  chemical,  and  physico-chemical  forces,  leading  to 
the  deterioration  and  consequent  destruction  of  a  steam-boiler,  and  it  is  probable 
that  no  other  metallic  structure  is  subjected  to  such  complicated  conditions.  The 
pressure  of  the  steam  and  the  heat  of  the  fire  produce  mechanical  effects,  while  both 
the  hurning  fuel  and  the  water  react  chemically  on  the  plates  and  in  accordance 
with  their  varying  chemical  properties.  Each  of  these  agents  play,  so  to  speak, 
into  the  other's  hands,  furthering  and  quickening  the  other's  progress.  It  is 
difficult  to  distinguish  with  strictness  between  the  effects  of  each;  and  it  is  mainly 
for  the  sake  of  convenient  examination  that  they  can  be  classified  into — 1,  The 
effects  of  the  pressure  of  the  steam;  2,  the  mechanical  effects  of  the  heat;  3,  the 
chemical  effects  of  the  fuel ;  4,  the  chemical  effects  of  the  feed-water. 

1. — THE    DIRECT    EFFECTS    OF    THE    PRESSURE    OF   THE    STEAM. 

In  calculating  the  working  strength  of  a  cylindrical  boiler,  the  plates  are 
assumed  to  be  under  a  static  load,  and  to  be  submitted  to  a  tensile  strain.  The 
former  of  these  assumptions  is  seldom,  and  the  second  is  never  correct.  There  are 
two  principal  causes  that  tend  to  exert  impulsive  strains  on  the  sides  of  a 
boilrr — 1,  The  sudden  checking  of  the  current  of  steam  on  its  way  from  the 
boiler  to  the  cylinder;  2,  quick  tiring,  attended  with  too  small  a  steam  room;  and 
both  may  sometimes  be  found  to  act  in  combination.  To  the  first  of  these  causes, 
the  explosion,  for  instance,  of  one  of  the  boilers  of  the  Parana  steamer,  at  South- 
ampton, a  few  years  ago,  has  been  ascribed  by  the  Government  engineer  surveyor ;  § 
to  the  second,  the  explosion  of  the  copper  boiler  of  the  Comte  d'Eu  yacht,  in  France. 
According  to  Dr.  Joule,  the  mere  dead  pressure  of  an  elastic  fluid  is  due  to  the 
impact  of  its  innumerable  atoms  on  the  sides  of  the  confining  vessel.  When  the 
motion  of  a  current  of  steam  is  suddenly  checked,  as  by  the  valve  in  its  passage 
from  the  boiler  to  the  cylinder,  its  speed  and  weight  cause  a  recoil  on  the  sides  of 
the  boiler  analogous  to  the  effi-cts  of  the,  in  this  case,  almost  inelastic  current  of 
water  in  the  hydraulic  ram.|j  This  action  is  necessarily  most  felt  with  engines  in 
which  the  steam  is  let  on  suddenly,  as  in  the  Cornish  and  other  single-acting 
engines,  working  with  steam  valves  suddenly  affording  a  wide  outlet,  and  as 
suddenly  closing.  It  produces  such  phenomena  as  the  springing  or  breathing 
of  cylinder  covers,  and  the  sudden  oscillations  of  gauges,  noticed  long  ago  by 
Mr.  Josiah  Parkcs  and  others.  ^  Some  years  ago,  while  standing  on  a  boiler  working 
a  Mngle-acting  engine,  and  with  a  deficient  amount  of  steam-room,  the  writer 
noticed  the  boiler  to  slightly  breathe  with  every  pulsation  of  the  engine.  The  same 
action  has  been  observed  by  others  with  boilers,  the  steam  room  of  which  is  out  of 
proportion  to  their  heating  surface.  The  intensity  of  the  instantaneous  impulses 
thus  generated  would  be,  as  Sir.  Parkes  observes,  difficult  to  measure,  but  their 
repeated  action  must  rapidly  afi'ect  the  boiler  at  its  mechanically  weakest  points. 
The  more  or  less  sudden  clo^ng  of  a  safety-valve  while  the  steam  is  blowing  off 
would  evidently  produce  the  same  effect  ;  and  this  view  is  strengthened  by  the  fact 
that  the  great  majority  of  locomotive  boilers — in  which  while  at  work  there  is  no 
such  sudden  call  on  the  reservoir  of   steam  as  in  the  Cornish  engine — explode 

*  "Report  of  the  Commissioners  on  the  Metallic  Mines.  Presented  to  both  Houses  of 
Parliament  by  command  of  Her  Majesty,  180-i,"  V-  xxi. 

t  "Proceedings  of  the  Institution  of  Civil  Engineers,  1S56,"  p.  281. 

X  "  proceedings  of  tiie  Institution  of  Civil  Engineers,  1S52"  p.  3J2. 

£  "  Rudimentary  Treatise  on  Marine  Engines  and  Steam  Vessels."  &e.  By  Robert 
Murray,  C.E.,  Engineer  Surveyor  to  the  lion.  Board  of  Trade,  p-  74-7:!. 

||  "  inslituto  di  Seienze."     Milano,  1829. 

•IT  "Transactions  of  the  Institution  of  Civil  Engineers."    Vol  iii. 


while  standing  with  steam  up  at  the  stations.*  It  is  not  denied  that,  in  the  case 
of  a  locomotive,  the  mere  extra  accumulation  of  steam  from  the  safety-valves, 
being  screwed  down  above  the  working  pressure  will  also  come  into  play.  But 
there  can  be  little  doubt  that  most  boilers  are  subjected  sooner  or  later,  and  with 
more  or  less  frequency,  to  an  impulsive  load.  This  being  the  case,  this  considera- 
tion alone  would  demand  a  factor  of  safety  of  six  in  the  designing  of  steam  boilers. 
The  Commissioners  on  the  application  of  iron  to  railway  structures,  in  their  third 
conclusion  on  a  mass  of  evidence  which  has  made  their  investigations  the  most 
valuable  ever  conducted  on  the  strength  of  materials,  say— "That,  as  it  has  been 
shown,  that  to  resist  the  effects  of  reiterated  flexure,  iron  should  scarcely  be 
ajlowed  to  suffer  a  deflection  equal  to  one-third  of  its  ultimate  deflection  ;  and 
since  the  deflection  produced  by  a  given  load  is  increased  by  the  effects  of  per- 
cussion, it  is  advisable  that  the  greatest  load  in  railway  bridges,  shall  in  no  case 
exceed  one-sixth  of  the  weight  which  would  break  the  beam  when  laid  on  at  rest 
in  the  centre."f 

Emerson  showed,  more  than  sixty  years  ago,  that  the  stress  tending  to  split  in 
two  an  internally  perfectly/  cylindrical  pipe,  submitted  to  the  pressure  of  a  fluid 
from  the  interior,  is  as  the  diameter  of  the  pipe  and  the  fluid  pressure.  He  also 
showed  "  that  the  stress  arising  from  any  pressure  upon  any  part,  to  split  it 
longitudinally,  transversely,  or  in  any  direction,  is  equal  to  the  pressure  upon  a  plane 
drawn  perpendicular  to  the  line  of  direction."  As  in  a  boiler  the  thickness  of  the 
metal  is  small  compared  with  the  radius,  the  circumferential  tension  has  been 
assumed  to  be  uniformly  distributed;  and  the  strain  per  unit  of  length  upon 
the  transverse  circular  joint  being  only  half  that  upon  the  longitudinal  joints,  the 
strength  of  the  latter  has  been  taken  as  the  basis  of  the  calculations  for  the  tensile 
strength  of  the  joints.  But  in  taking  the  internal  diameter  of  the  boiler  as 
the  point  of  departure,  the  internal  section  has  been  assumed  to  be  a  correct  circle, 
which  would  only  be  practically  true  in  the  case  of  a  cylinder  bored  out  in  a 
lathe,  and  never  in  that  of  a  boiler.  Two  of  Emerson's  corollaries  from  his  first 
proposition  have  in  fact  been  neglected.  He  shows  that  if  one  of  the  diameters 
be  greater  than  another,  there  will  then  be  a  greater  pressure  in  a  direction  at 
right  angles  to  the  larger  diameter;  the  greatest  pressure  tending  to  drive  out 
the    narrower    sides    till     a 


Fig.  1. 


mathematically  true  circle  is 
formed.  The  second  is  that, 
"  if  an  elastic  compressed  fluid 
be  inclosed  in  a  vessel,  flexi- 
ble, and  capable  of  being  dis- 
tended every  way,  it  will  form 
itself  into  a  sphere."  J  A 
number  of  proofs  can  be  ad- 
duced that  both  these  influ- 
ences are  more  or  less  at  the 
bottom  of  the  wear  and  tear 
caused  by  the  direct  action  of 
thesteam.  From  1850  to  18G4 
forty  locomotive  explosions 
causing  a  loss  of  human  lilb 
have  occurred  in  the  United 
Kingdom.  The  Board  of 
Trade  reports  on  these  oc- 
currences, contained  in  the 
Blue-books  presented  to  Par- 
liament, and  more  especially 
those  by  Captain  Tyler,  R.E., 
probably  form  the  most  valu- 
able and  connected  series  of 
records  extant  on  boiler  explo- 
sions. This  is  more  especially 
the  case  with  regard  to  wear 
and  tear  caused  by  the  direct 
action  of  steam  unmasked  by 
the  effects  of  the  tire,  as  the 
barrel  and  outside  tire- box  of 
a  locomotive  cannot  be  said  to 
be  under  the  direct  action  of 
the  heat.  Perhaps  the  vibra- 
tion of  the  boiler  through  the 
motion  on  the  line  may  in- 
tensify this  action,  but  it  is 
clear  that  vibration  cannot  be 
a  primary  cause.  The  major- 
ity of  the  reports  are  illus- 
trated   by  careful    drawings. 

Eighteen  of  the  forty  boilers    Overton  Station,  on  the  30th  May,  18(54, 
gave    way   at    the   fire-box  ;     diil'er  from  other  furrows, 
eleven  from  the  crown  of  the 

inside  fire-box  being  blown  down  upon  the  tube  plates  ;  seven  from  the  shells  or  sides 
giving  way.    Twenty  burst  at  the  barrel ;  and  two  explosions  may  be  ascribed  to  mis- 

*  "  Reports  of  the  inspecting  officers  of  the  Hoard  of  Trade,  1850-61."  (The  four  locomo- 
tive boilers  which  burst  last  yeur  all  did  so  while  standing.  Neither  the  primary  rupture 
leading  to  the  explosions,  nor  the  secondary  rupture  caused  by  the  explosion,  took  place 
through  the  rivet  holes.) 

t  "  Kepoi't  of  the  Commissioners  appointed  to  inquire  into  the  Application  of  Iron  to 
Railway  Structures,"  xviii. 

J  The  action  of  a  fluid  pressing  with  equal  forceB  in  all  directions  can  be  evidently  re- 
presented as  to  force  and  direction  by  innumerable  radii  of  equal  length  led  from  a  single 
point  in  all  directions.  Upon  this  principle  may  be  explained  the  spherical  shapes 
of  soap  bubbles,  of  the  bulbs  of  thermometers  (blown  while  the  glass  was  in  a  plastic 
state),  of  the  thin  india  rubber  balls,  used  as  playthings,  and  which  are  formed  by 
forcing  air  into  india  rubber  lubes  closed  at  one  end.  ttas  iind  air  bubbles  in  water  are 
necessarily  flattened  by  the  hydrostatic  pressure.  It  is  upon  that  principle  that  a  gun 
of  soft  ductile  iron  often  bulges  out  at  the  breech. 


Full  size  ero^s  section  of  the  furrowed  longitudinal 
joint  in  the  fire-bux  ring  of  a  boiler  which  exploded  at 

It  does  not 
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Fig.  2. 


cellaneoas  causes,  from  an  originally  defective  plate,  ami  Prom  running  off  the  line. 
Leaving  out  all  those  which  occurred  at  the  fire-bos,  as  the  majority  of  these  might 
be  ascribed  to  other  influences  than  direct  pressure,  all  the  twenty  explosions  of  the 
barrel  could  be  traced  either  to  internal  furrows  or  to  cracks,  both  running  parallel 
with  one  of  the  longitudinal  joints  of  one  of  the  rings  forming  the  barrel.  All  the 
joints  which  thus  gave  way  were  lap-joints;  and  the  furrows  or  the  cracks  (and 
the  former  greatly  preponderate  in  number)  occur  at  the  edge  of  the  inside  over- 
lap, and,  therefore,  just  at  the  point  where  the  diminution  of  diameter  caused  by 
Che  lap-joint  would  be  most  affected  by  the  pressure  of  the  steam.     (See  fig.  1.) 

The  plate  at  the  channels  shows  distinct  traces  of  lamination  through  the  cross- 
bending,  and  it  is  probable  that  plate  of  a  good  material  will  gradually  laminate, 
while  inferior  metal  will  crack  through  in  much  less  time.  Nor  are  these  furrows 
fonnd  with  only  lap-joints.  Butt-joints,  with  a  strip  inside  the  boiler,  and  thus 
destroying  the  equilibrium  of  internal  pressure,  have  been  found  to  be  attended 
with  similar  furrows.  Channels  of  exactly  the  same  character  have  been  observed 
in  locomotive  boilers  with  lap-joints,  which  have  exploded  in  Germany.* 

Similar  furrows,  again,  have  been  noticed  in  marine  boilers,  and  in  old  boilers 
generally,  longitudinal  furrows  being  of  course  about  twice  as  dangerous  as  those 
appearing  transversely.  The  smoke-box  tube-plates  of  inside  cylinder-locomotive 
engines  have  been  found  to  be  similarly  influenced  by  the  racking  action  of 
the  engines,  showing  furrows  around  the  cylinder  flanges.  A  parallel  case  is  often 
found  in  Lancashire  with  the  end-plates  of  double-rlued  Fairbaim  boilers,  which 
may  have  been  too  stiffly  stayed  to  the  barrel.  Circular  furrows,  caused  by  the 
confined  motion  of  the  end-plates  are  sometimes  found  at  the  base  of  the  angle  iron 
rings  jointing  the  internal  Hues  to  the  end-plates.  But  furrowing  seems  with  no 
kind  of  boiler  to  be  more  felt  than  with  locomotive  boilers.  This  is  due  to  the 
higher  pressure,  to  the  thicker  plates  causing  a  coarser  lap,  and  more  especially 
to  the  fact  that  the  unstayed  barrel  cannot  be  thoroughly  examined  without 
drawing  the  tubes,  thereby  enabling  the  furrow  to  enlarge  itself  unnoticed. 

The  inside  fibres  of  a  plate  bent  up  while  cold  are  necessarily  initially  in  a  state 
of  compression.  When  the  pressure  from  the 
inside  comes  on,  striving  to  form  a  perfect 
cylinder,  the  plate  gets  bent  to  and  fro  by  its 
own  elasticity  on  one  side,  and  by  the  pressure 
on  the  other.  If  the  iron  be  brittle,  it  may 
crack  right  through;  if  ductile,  the  outside 
fibres  gradually  lose  their  elasticity,  and,  neces- 
sarily aided  by  other  causes,  crack  away.  This 
action  is  progressive,  and  probably  very  rapid 
towards  its  later  stages.  Once  a  weak  place 
formed  itself,  it  would  have  to  do  more  and  more 
of  the  work.  Even  when  pulled  by  the  direct 
tension  of  the  testing  machine,  a  lap-joint 
behaves  in  a  somewhat  similar  way.  For 
instance,  a  half-inch  lap,  solidly  welded  by 
Bertram's  process,  has  only  half  the  strength 
of  the  solid  plate  ;t  while  the  §  inch  lap-weld 
has  actually  two-thirds  of  the  strength  of  the 
entire  plate. 

Messieurs  Jean  Piedbceuf  and  Cie.,  of  Aix- 
la-Chapelle,  Diisseldorf,  and  Liege,  who  turn 
out  annually  upwarJs  of  one  thousand  steam 
boilers,  use  a  lap-joint  which  probably  gives 
slightly  better  results  as  to  furrowing,  while  it 
is  much  easier  to  caulk,  and  must  be  therefore 
less  injured  by  that  process.     (See  fig.  2.) 

There  is,  however,  another  important  appear- 
ance to  be  noted  with  respect  to  these  furrows. 
An  iron  cylindrical  vessel  under  internal  pres- 
sure would  of  course  rupture  long  before  it 
could  assume  a  spherical  shape,  from  its  ranges 
of  elasticity  and  of  ductility  being  so  short.  But 
it  may  be  said  to  be  undergoing  three  distinct 
stresses  in  as  many  directions.  There  is  a  stress 
acting  on  the  ends,  and  tending  to  rupture  the 
boiler  in  two  halves  in  a  direction  parallel  to  the 
axis  ;  there  is  the  stress  which  is  hoop  tension  in 
a  true  circle,  but  which  acts  with  a  cross-bending 
strain  in  an  ordinary  boiler;  and  there  is  the  stress  which  tends  to  make  it  assume 
the  shape  of  a  barrel,  or  to  bulge  it  out  in  the  centre  of  its  length.  The  precise  action 
on  a  material  of  several  strains  like  this,  is  a  portion  of  the  strength  of  materials 
which  is  still  completely  unknown.  Its  probable  effects  might  be  illustrated  by  the 
ease  with  which  a  stretched  india-rubber  ring  is  cut  through  with  a  knife,  or  that 
with  which  a  column  under  compression  is  broken  by  a  blow  from  a  hammer,  or  by 
the  similar  ease  with  which  a  tube  under  tension  is  split  by  a  sharp  blow;  in  fact, 
the  operation  of  caulking  a  defective  boiler  under  steam  seems  thus  to  often  give  it 
the  finishing  stroke  which  causes  an  explosion.  The  new  boiler  which  burst  from 
a  defective  plate  at  the  Atlas  Works,  Manchester,  in  1858,  and  that  which  burst 
through  a  crack  at  a  longitudinal  joint  last  January,  at  Peterborough,  both  gave 
way  whilst  being  caulked.  This  again  accounts  for  the  fact  that  adjacent  boilers 
pometimes  explode  one  after  the  other,  pointing,  at  the  same  time,  to  the  danger 
into  which  a  sound  boiler  may  be  thrown  by  an  explosion.  Upon  the  same  princi- 
ple it  is  probable  that  the  modem  guns,  built  up  from  strained  rings,  will  be  easily 
put  hors  de  combat  by  shot.  The  probability  is  that  a  number  of  simultaneous 
strains  in  different  directions  diminish  the  elasticity  of  the  material  that  would 
allow  it  to  yield  in  any  given  direction.  However  this  may  be,  it  will  be  seen  that 
it  is  only  the  pressure  on  the  ends  of  the  boiler  acting  parallel  to  the  axis  and 
tending  to  tear  the  cylinder  through  transversely,  which  bears  fairly  on  the  rivetted 
joint,  or  rather  on  that  metal  between  the  rivets  which  is  left  after  punching 

*  "Organ  fuer  die  Fort'chritte  des  Eisenbahnwesens."     1864,  p.  159. 
t  ■' Jiecent  Practice  on  the  Locomotive  Engine,"  p.  5. 


The  edges  of  the  plate  nre  cut  to 
an  angle  of  Go"  by  means  of  inclined 
shears. 


This  atTords  some  justification  for  the  belief  of  old 
Fig.  3. 


From  Captain  Tyler's  report,  dited  30th 
June,  1SG1,  on  the  boiler  explosion  at  the 
Over  ton  station  of  the  London  and  North- 
western Railway.  The  plate  torn  off  is 
shade*!,  the  course  of  fracture  on  the  other 
side  of  the  boiler  is  dotted,  while  the  fur- 
row is  shown  by  the  thick  horizontal  line. 


Unless  the  cylinder  be  perfectly  correct;  inside,  the  circumferential  strain  re 
itself  into  cross-bending,  shifting  the  dangerous  strain  from  the  iron  left  after  punch- 
ing to  the  metal  at  the  over-lap.  With  respect  to  the  stress  tending  to  bulge  the 
cylinder  in  the  centre,  it  is  clear  that  if  we  suppose  a  strip  cut  out  from  the  entire 
length  of  the  boiler,  eacli  portion  of  the  length  of  tbis  strip  could  be  regarded  as  a 
beam  under  an  uniformly  distributed  load.  As,  however,  with  the  lap-joint,  there  is 
a  double  thickness  of  metal  transversely,  that  joint  is  the  strongest  and  stiffest 
portion  to  resist  the  stresses  tending  to  bulge  out  the  cylinder  in  the  middle,  and 
also  to  tear  it  into  two  halves, 
boiler-makers,  before  rivetted 
joints  were  tried  under  a  direct 
tensional  load,  that  the  joints 
are  the  strongest  parts  of  the 
boiler.  And,  indeed,  this  is 
what  we  find  in  practice.  The 
thinnest  portion  of  the  longi- 
tudinal furrows  is  generally 
exactly  in  the  middle  of  the 
plate,  and  this  is  caused  by 
the  longitudinal  stress,  which 
is  acting  at  right  angles  to 
the  transverse  cross-bending 
stress.  A  strip  cut  from  joint 
to  joint  is,  in  one  respect,  in 
the  condition  of  a  beam  sup- 
ported at  both  ends,  uniformly 
loaded  throughout  its  length, 
and,  according  to  known 
principles,  therefore  giving 
way  in  the  middle.  (See fig.  3.) 

The  middle  ring  of  the  boiler 
which  burst  on  the  Metro- 
politan Railway  last  year,  and 
the  fragments  of  which  were 
examined  by  the  writer,  had 
also  first  given  way  at  a  fur- 
row. Captain  Tyler  reports  that  at  from  1GJ  to  19  inches  from  the  transverse 
joint,  or  just  about  the  middle  of  the  plate,  there  was  "very  little  metal  left  hold- 
ing," while  it  gradually  got  to  its  original  thickness  of  § ,  as  the  groove  receded 
from  the  centre  of  the  plate  and  towards  the  transverse  joints  at  each  side. 

It  is  impossible  to  deny  the  existence  of  an  infinite  number  of  stresses  acting  on 
the  sides  of  a  vessel  undergoing  fluid  pressure,  producing  what,  for  want  of  a  better 
term,  might  be  called  a  "  bulging  strain."  Instances  of  this  action  may  be  noticed 
in  the  sketch  of  the  leaden  pipes  given  by  Mr.  Fairbairn,*  which  were  bulged  out 
in  the  middle  by  internal  pressure,  as  also  in  the  fire-box  sides  f  influenced  by  the 
same  means,  and  in  the  centre  of  the  surface.  Unaccountably  enough,  the  effect 
of  such  a  strain  on  the  ultimate  resistance,  and,  above  all,  the  elasticity,  of  materi- 
als, has  been  entirely  neglected  by  investigators,  and  there  are  no  published  data 
on  the  matter.  The  effect  of  the  internal  pressure  is  evidently  resisted  by  a  double 
thickness  of  plate  at  the  joints,  so  that  the  load  on  the  middle  of  a  single  ring  may 
be  considered  as  determining  the  weakest  part  of  the  boiler.  One  of  the  rings  of 
the  Great  Northern  boiler  which  exploded  on  the  Metropolitan  Railway  last  May, 
had  a  length  transversely  of  about  (say)  36  inches  from  lap  to  lap,  with  an  inside 
diameter  of  45  inches.  If  we  now  suppose  a  strip  one  inch  broad  cut  from  the  36 
inch  long  plate,  parallel  to  the  longitudinal  axis  of  the  boiler,  this  strip  is,  supposing 
there  be  a  pressure  of  100  lbs.  to  the  square  inch,  uniformly  loaded  with  3UO0  lbs. 
— equal  to  a  transverse  load  of  1800  lbs.  at  the  centre.  Supposing  the  plate  to 
form  a  true  circle,  a  hoop  one  inch  wide  of  the  §  plate  would  be  subjected,  circum- 
ferentially,  to  a  tensile  load  of  6000  lbs.  per  square  inch,  while  (leaving  out  the 
diminution  of  area  at  the  ends  through  the  flue  tubes)  each  portion  of  the  circle, 
about  1  inch  broad  and  §  inch  thick,  is  subjected  to  a  load  of  about  1125  lbs.  acting 
parallel  to  the  axis  of  the  boiler. 

To  construct  a  general  rule  or  formula  that  would  take  into  account  the  distort- 
ing effects  of  the  lap  or  of  the  welt  of  butt-joints  would  be  impracticable ;  but  it  is 
clear  that  the  usual  mode  of  calculating  the  strength  of  a  cylindrical  boiler  from  the 
tensile  strength  of  joints  tested  by  weights,  or  hydraulic  pressure,  directly  applied, 
is  far  from  being  correct.  It  is  only  tolerably  correct  with  scarf  welded  joints,  or 
with  butt  joints  with  outside  welts.  Even  here,  the  hoop  tension  of  the  true  cylin- 
der is  resolved  into  a  cross-bending  strain,  if  the  cylinder  does  not  form  a  correct 
circle  internally.  The  usual  formula  would  be  practically  correct,  if  the  boiler  was 
prevented  from  altering  its  shape  during  the  impulses  sometimes  given  by  the  steam, 
and  the  quieter  buckling  action  caused  by  the  alternate  increase  and  fall  of  the 
pressure.  In  fact  a  boiler,  like  a  girder,  does  not  merely  demand  a  high  ultimate 
strength,  but  also  a  stiffness  which  is  the  protection  against  alternative  strains — 
against  buckling  or  collapse. 

Disregarding  the  effects  of  the  thickness  of  the  material,  a  perfect  cylinder  should 
theoretically  afford  the  same  ultimate  resistance,  whether  exposed  to  external  or 
internal  pressure.  Its  resistance  to  collapse  should  indeed  be  greater,  as  most 
materials  give  more  resistance  to  compression  than  to  tension.  This  is  not  the 
case,  as  the  distortion  of  form  progressively  weakens  an  internal  flue,  by  increasing 
the  load  on  its  surface,  while  the  contrary  is  rather  the  case  with  the  boiler  exposed 
to  internal  tension.  Before  Mr.  Fairbairn  showed  the  inherent  weakness  of  flue 
tubes,  their  frequent  explosions  through  collapse  were  ascribed  to  spheroidal  ebul- 
lition and  other  similar  causes.  They  are  now,  according  to  the  engineer  of  the 
Manchester  Boiler  Association,  stronger  than  the  shells,  by  means  of  the  T-iron 
and  angle-iron  bands  now  generally  used,  and  also  by  the  excellent  seams  introduced 
by  Mr.  Adamson  so  long  ago  as  1852.J     While  T-iron  and  other  bauds  could  be 
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used  for  the  barrels  of  boilers  not  exposed  to  the  fire  (as  is  recommended  in  France* 
and  by  the  Board  of  Trade  inspector  of  railways),  Adamson's  seams  reversed  would 
probably  form  excellent  transverse  joints  for  a  shell  fired  from  the  outside,  and, 
with  a  boiler  like  this,  thin  and  narrow  plates  could  be  used,  affording  a  stronger 
and  tighter  lap-joint.  With  a  construction  of  this  kind  little  or  no  deflection  or 
bulging  could  occur,  and  the  sectional  area  of  the  plate  and  the  rings  would  really 
give  the  strength  of  the  boiler. 

2. — THE    MECHANICAL    EFFECT3    OF   THE    HEAT. 

"While  a  maximum  of  stiffness  to  the  mechanical  action  of  the  pressure  is  required 
in  a  steam  boiler,  a  maximum  of  flexibility  to  the  irresistible  mechanical  force  uf 
heat  is  of  no  less  importance.  For  instance,  a  great  advantage  of  some  of  the 
forms  of  strengthening  rings  for  internal  flues  is  that  they  allow  the  use  of  thinner 
plates;  together  forming  a  structure  of  great  flexibility  to  complicated  thermal 
influences.  The  longitudinal  expansion  of  inside  flues  like  this  is  taken  up  by  a 
slight  spring  or  s wagging  at  each  joint,  and  the  end  plates  of  the  shell  are  not 
unduly  strained  by  the  combined  efforts  of  the  internal  pressure  and  the  expansion 
due  to  heat.  This  is  one  way  in  which  defective  circulation,  or  a  sudden  current 
of  cold  air  or  of  water,  can  act  on  the  structure,  by  unequally  straining  the  plates ; 
and,  although  it  seems  probable  that  the  effects  said  to  have  been  thus  produced, 
are,  to  some  extent,  due  to  other  causes,  they  point  to  the  importance  of  keeping 
the  temperature  of  the  plates  as  low  as  possible.  One  protection  against  effects  of 
this  kind  is  the  gradual  diffusion  of  heat,  produced  by  its  conduction  to  and  from 
the  different  plates.  It  is  a  general  belief  with  engineers  that  a  pressure  of  steam 
strains  a  boiler  more  than  cold  hydraulic  pressure;  but  it  is  unsettled  as  to  what 
amount  and  in  what  exact  way.  The  basis  of  an  examination  of  the  kind  would 
have  to  be  sought  in  an  exact  determination  of  the  temperature  of  a  plate  which  is 
transmitting  the  heat  to  the  water,  and  this  has  not  yet  been  determined  with  any 
accuracy.  The  fact  is,  as  is  remarked  by  M.  Pcclet,  who  has  given  great  attention 
to  these  questions,  the  different  phenomena  involved  are  extremely  complicated.  It 
is  clear  that  the  plates  must  always  be  at  a  higher  temperature  than  the  water,  as 
it  is  by  the  difference  of  temperature  of  the  two  surfaces  of  the  plate  that  it  is 
traversed  by  the  heat.  He  supposes  that,  though  the  flow  of  heat  through  the 
plate  is  inversely  as  its  thickness  (while  it  is  directly  as  the  surface  and  as  the  dif- 
ference of  temperature  between  the  outside  and  inside  faces),  yet  the  fluw  of  heat 
would  be  the  same  through  a  thicker  plate,  from  the  greater  difference  of  tempera- 
ture between  the  two  surfaces. f  He  does  not  seem,  however,  to  be  aware  of  the 
important  law  demonstrated  by  Mr.  J.  D.  Forbes,  that  the  conducting  power  of, 
for  instance,  wrought  iron,  rapidly  diminishes  at  the  higher  temperatures.  At 
200°  Cent.,  it  has  little  more  than  one-half  the  conducting  power  it  has  at  0°.J 
At  yet  higher  temperatures  it  might  probably  be  proved,  if  an  applicable  instrument 
for  registering  higher  temperatures  were  in  existence,  that  the  powers  of  conduction 
are  still  less.  Some  of  M.  Peclet's  experiments  also  seem  to  be  vitiated  by  his  dis- 
regard of  Dr.  Joule's  discovery  that  water  is  heated  by  being  mechanically  stirred 
up.  It  is,  however,  certain  that  water  can  only  moisten  a  metallic  plate  when  at 
a  lower  temperature  than  171°  Cent.  As  soon  as  the  water  gets  thus  repelled,  the 
heat  radiated  by  the  metal  is  reflected  back  from  the  surface  uf  the  liquid;  the 
inetal  gets  hotter  and  hotter,  with  a  corresponding  diminution  of  its  conducting 
powers  ;  its  outside,  exposed  to  the  fire,  would  more  or  less  oxidize,  and  with  a 
similar  result;  and  a  like  effect  is  produced  on  the  inside — on  the  roughened  surface 
of  which  incrustation  would  rapidly  adhere,  forming  a  calcareous  coating,  conducting 
with  about  sixteen  times  less  power  than  iron.§  All  these  tendencies  are  of  a  pro- 
gressive character,  leading  to  very  high  temperatures  in  the  plate,  even  to  a  red- 
heat.  This  tends  to  explain  how  rivet-heads  close  to  the  fire  are  soon  burnt  away 
by  the  friction  of  the  current  of  heated  gases  on  the  red-hot  metal  ;  how  thick  fire- 
boxes are  sooner  burnt  out  than  lighter  ones,  the  process  being  often  arrested  at  a 
certain  thickness;  how  internal  flues  of  thick  plates  so  often  give  trouble;  how 
externally  fired  boilers  are  most  deteriorated  at  the  corners  from  the  junction  of  the 
three  plates;  and  similar  results  well  known  to  practical  men.  Another  proof  that 
thin  plates  conduct  more  heat  than  thick  plates,  is  afforded  by  some  experiments 
lately  made  in  Prussia  with  two  egg-end  boilers,  exactly  similar  in  every  respect, 
except  that  one  was  constructed  of  steel  plate  -£  inch,  while  the  other  was  of 
wrought  iron  about  $  inch  thick.  The  steam-generating  power  of  the  steel  boiler 
was  to  that  of  iron  as  127'49  to  100|| — a  result  which  can  only  be  accounted  for 
by  the  relative  thickness  of  the  plates.  Thick  plates  are  also  more  liable  to  blisters, 
one  of  which  would  considerably  diminish  the  conducting  power  of  the  spot  where  it 
happened  to  form. 

While  it  is  certain  that  boiler  plates  can  assume  very  high  temperatures,  even  up 
to  red  heat,  authorities  differ  as  to  the  diminution  of  ultimate  strength  which  is 
caused  by  heat,  while  its  effect  on  the  elasticity  of  the  plate  has  been  scarcely 
attended  to.  The  experiments  on  the  ultimate  tenacity  of  iron  at  high  tempera- 
tures, conducted  by  Baudrimont,^[  Seguiu,  and  the  Franklin  Institute,  can  scarcely 
be  looked  upon  as  of  much  value,  for  they  were  made  on  a  very  small  scale,  and 
with  no  regard  to  the  temporary  and  permanent  elongations — or  to  the  effect  of 
heat  on  the  elasticity  and  ductility. 

Mr.  Fairbairn**  observed  no  effect  on  the  strength  of  plate  iron  up  to  almost  400° 
Fahr.  At  a  "scarcely  red"  heat  the  breaking  weight  of  plates  was  reduced  to 
1C-978  tons  from  21  tons  at  G0°  Fahr. ;  while  at  a  "  dull  red"  it  was  only  13621 
tons.  MM.  TiemeVy  ami  I\  Saint  Brice,tf  aided  by  the  celebrated  Cagniard  Latour, 
found  that  at  nominally  the  same  temperature  (rouge  sombre)^  a  bar  of  iron  was 
reduced  in  strength  to  one-sixth  of  its  strength  when  cold.     This  is  much  greater 
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diminution  of  strength  than  that  found  by  Mr.  Fairbairn.  Apart  from  other  causes, 
this  might  easily  be  due  to  the  fact  that  incandescent  iron  affords  a  different  tinge 
during  a  dull  day  to  what  it  does  in  a  clear  light.  In  fact,  the  great  impediment 
to  all  these  investigations  is  the  want  of  a  thermometer  for  high  temperatures;  but 
M.  TreuKn-y's  result  is  perhaps  more  conformable  with  daily  experience.  Mr.  Fair- 
bairn's  data  would  show  that  the  ultimate  strength  of  wrought  iron  is  reduced  to 
about  one-half;  but  M.  Tre'mery's  result  explains  the  generally  instantaneous  col- 
lapse of  flues  when  red-hot,  and  which  have  been  of  course  originally  calculated  to 
a  factor  of  safety  of  six. 

A  most  important  question  is  the  effect  of  temperatures,  whether  high  or  low,  on 
the  elasticity  of  the  material — whether  iron  will  take  a  permanent  set  with  greater 
facility  at  a  high  temperature?  These  data  are  really  more  important  than  those 
on  the  ultimate  strength,  as  they  would  show  the  influence  of  temperature  on  the 
elastic  limit.  Here  again  is  a  vacancy  in  existing  knowledge,  which  can  scarcely 
be  said  to  be  filled  up  by  the  few  experiments  of  the  late  M.  Wertheim  on  very 
small  wires.*  He  found,  however,  that  the  elasticity  of  small  steel  and  iron  wire 
"  increases  from  15°  Cent,  to  100°,  but  at  200°  it  is  not  merely  less  than  at  100°, 
but  sometimes  even  less  than  at  the  ordinary  temperature." 

There  is,  however,  another  very  important  point  with  respect  to  wrought  iron, 
which  has  scarcely  received  the  attention  it  deserves.  As  would  appear  from  a 
number  of  phenomena,  there  seems  to  be  a  sort  of  thermal  elastic  limit  with  iron. 
When  heated,  and  when  its  consequent  dilatation  of  volume  does  not  exceed  that 
which  corresponds  to,  perhaps,  boiling  point,  it  returns  to  its  original  dimensions. 
Beyond  a  certain  temperature  it  does  not  contract  again  to  its  pristine  volume,  but 
takes  a  permanent  dilatation  in  consequence,  apparently,  of  its  elastic  limits  having 
been  exceeded.  A  number  of  observers!  have  determined  the  fact  with  cast  iron, 
and  though  wrought  iron  has  not  been  expressly  investigated  in  this  direction,  there 
is  no  doubt  that  it  exhibits  a  similar  behaviour.  Thus,  a  number  of  years  ago,*  an 
Austrian  engineer,  named  C.  Kohn,  remarked  that  a  boiler  about  12  metres  long, 
and  1'57  in  diameter,  with  a  thickness  of  plate  of  0*011,  permanently  expanded, 
at  a  temperature  corresponding  to  a  steam  pressure  of  5  atmospheres  (153°  Cent.) 
by  0*07193,  and  did  not,  when  cold,  return  to  its  original  dimensions.  The  same 
thing  has  been  noticed,  by  means  of  very  accurate  measurements,  with  other  boilers. 
A  number  of  experiments  by  Lieut. -Colonel  H.  Clerk,  of  Woolwich,  on  wrought- 
iron  cylinders  and  plates,§  bear  distinct  evidence  to  a  dilatation  of  volume  in 
wrought  iron,  when  repeatedly  heated  and  suddenly  cooled.  In  experiment  7,  for 
instance,  "  two  flat  pieces  of  wrought  iron,  each  12  inches  long,  6  inches  deep,  and 
^  inch  thick,  were  heated  and  cooled  twenty  times,  one  being  immersed  to  half, 
and  the  other  to  two-thirds,  its  depth  in  water.  That  immersed  one-half  con- 
tracted or  became  indented  on  the  ends  fully  *3  inch  ;  the  other  had  similar  inden- 
tations, but  only  to  one-half  the  amount.  They  both  turned  up  into  the  form  of 
an  arc,"  the  convex  side  of  which  appeared  in  the  portion  heated  and  cooled. 
Unfortunately,  the  specific  gravities  of  the  different  portions  were  not  tried  by 
Colonel  Clerk.  A  succession  of  trials  of  the  kind  produced  cracks  in  the  metal, 
thus  explaining  how  boiler  plates  are  cracked  by  imperfect  circulation  and  by  cold 
feed-water  let  in  near  the  fire  ;  and,  the  thicker  the  plate,  the  more  permanent 
dilatation  of  volume  and  consequent  danger.  Mr.  Kirkaldy  found  that  *'  iron  highly 
heated  and  suddenly  cooled  in  water,  is  hardened,"  being  injured,  in  fact,  if  not 
afterwards  hammered  or  rolled.  This  permanent  dilatation  of  volume  must  be 
necessarily  accompanied  with  a  diminution  of  specific  gravity,  thus  affording  another 
close  analogy  between  straining  iron  by  loads,  in  excess  of  the  mechanical  elastic 
limits,  and  straining  by  heat.  L.ijerhelmj|  found  long  ago  that  the  specific  gravity 
of  iron  is  diminished  by  strains  in  excess  of  the  limit  of  elasticity,  and  this  result 
has  been  completely  confirmed  by  Mr.  Kirkaldy's  numerous  experiments.  The 
smith  calls  iron  "burnt"  which  has  been  rendered  brittle  in  "vorking  through  the 
often  repeated  applications  of  heat,  or  through  too  high  a  temperature.  Iron  ren- 
dered brittle  by  strains  in  excess  of  the  limit  of  elasticity  has  been  long  popularly 
termed  u  crystallized.1'  Both  these  states  are  accompanied  with  a  dilatation  of 
volume  and  attendant  hardness  and  brittleness,  and  both  seem  to  be  referable  to 
very  similar  causes.  In  fact,  a  very  general  belief  exists  that  very  ductile  good  iron, 
used  in  the  form  of  a  steam  boiler,  soon  gets  brittle.  There  are  some  applications 
of  metal  to  a  steam  boiler  peculiarly  liable  to  be  strained  beyond  the  limits  of  elas- 
ticity; by  mechanical  force,  by  the  mechanical  force  of  expansion  and  contraction, 
and  by  dilatation  of  volume  through  heat — all  three  acting  simultaneously.  Such 
is  the  case  with  fire-box  stay-bolts.  Accordingly,  they  are  found  to  get  very 
brittle  when  of  wrought  iron — which  is  a  much  less  ductile  metal  than  copper.  Mr. 
Z.  Colburn  states  that  he  has  "frequently  found  these  stays  (where  made  of 
wrought  iron)  to  be  as  brittle,  after  a  few  years'  use,  as  coarse  cast  iron."  He  has 
ubroken  them  off  from  the  sides  of  old  fire-boxes,  sometimes  with  a  blow  no  harder 
than  would  be  required  to  break  a  peach-stone."  *^f 

{To  be  continued.) 


MONTHLY    NOTES. 


New  Locomotive  Engine. — In  Paris  a  curious  invention  is  talked  of,  by  means 
of  which  a  locomotive  engine  can  be  set  in  work  by  the  operation  of  ammonia.  The 
ammonia  is  liquefied,  and  retained  in  a  special,  closed  reservoir,  and  when,  by  the 
action  of  a  portion  of  the  apparatus,  this  reservoir  is  partially  opened,  a  portion  of 
the  liquid  escapes,  and,  assuming  a  gaseous  form,  drives  forward  a  piston.  The 
latter  being  so  arranged  as  to  cut  off  immediately  the  supply  of  the  gas,  and  to  intro- 
duce some  water,  a  vacuum  is  produced  by  the  absorption  of  the  gas,  and  the  piston 
is  driven  back  by  atmospheric  pressure. 

*  "Comptes  Rcndus,"  xix.,  231.  f  Percy's  "Metallurgy,"  vol.  ii.f  p.  S72. 

%  "Technologiste,"  1850-51,  p.  102. 

g  "Proceedings  of  the  Royal  Society,"  March  5, 1SG3. 

||  Pog'-jendorf's  "  Annalen,"  2  s.,  vol.  ii.  p.  488. 

If  "  Steam  Boiler  Explosions,"  I860,  p,  32. 
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Proposed  Bridge  across  the  Mersey. — At  the  Birkenhead  Commissioners' 
meeting  on  Tuesday  the  promoters  of  the  great  Mersey  Bridge  scheme  laid  their 
plan  before  the  Board.  The  bridge  is  now  proposed  to  commence  at  Derby  Square, 
near  the  top  of  Lord  Street,  Liverpool,  and  terminate  in  Hamilton  Square,  Birken- 
head, a  distance  of  a  mile  and  a  quarter.  The  bridge  would  be  carried  on  lattice- 
work piers,  the  span  between  the  two  central  ones  being  1500  feet,  with  a  height 
of  100  feet  above  high- water  level.  The  cost  is  set  down  at  .£750,000,  but  most 
people  connected  with  the  locality  believe  that  double  that  amount  would  be  required. 
The  promoters  are  seeking  the  consent  of  the  Liverpool  Corporation,  the  Mersey 
Docks  Board,  the  Conservators  of  the  Mersey,  and  the  Birkenhead  Commissioners, 
the  four  great  governing  bodies,  before  trying  to  raise  capital  or  applying  to  Parlia- 
ment. The  Birkenhead  Commissioners  referred  the  communication  to  their  ferry 
committee,  the  several  opinions  being  that  the  scheme  was  chimerical.  Mr.  James 
Taylor,  one  of  the  members  of  the  Britannia  Engine  Works,  suggested  that  the  best 
means  of  communication  would  be  by  means  of  a  floating  street  or  floating  stage, 
dragged  across  by  steam  power  on  board,  working  chains  fixed  on  each  side  of  the 
river. —  Manchester  Courier. 

Pneumatic  Railway. — The  transmission  of  carnages  through  metallic  tubes 
is  now  about  to  be  tested  in  London  on  a  large  scale,  and  in  circumstances  that  will 
bring  out  more  clearly  its  capabilities.  The  tube,  which  will  be  12  feet  in  internal 
diameter,  will  begin  at  a  station  in  Great  Scotland  Yard,  pass  through  the  Thames 
embankment  to  the  river,  across  which  it  will  be  carried  in  a  channel  sunk  for  the 
purpose,  and  filled  in  with  concrete;  it  will  thence  pass  under  College  Street  and 
Vine  Street,  to  a  terminus  convenient  to  that  of  the  South-Western  Railway  at 
Waterloo  Bridge.  The  river  will  be  prepared  for  the  reception  of  the  tube  by  sink- 
ing three  piers,  by  means  of  iron  caissons.  When  these  have  been  brought  suffi- 
ciently near  the  bed  of  the  river,  the  upper  portions  of  the  caissons  will  be  removed, 
and  the  channel  for  the  tube  will  be  dredged  down  to  the  upper  course  masonry. 
The  tube  will  be  lowered  in  four  sections.  The  trains,  which  will  be  commodious 
and  well  lighted,  "ill  be  despatched  at  intervals  of  three  minutes,  being  drawn  in 
one  direction  by  exhaustion,  and  impelled  in  the  other  by  pressure.  The  works  will 
be  completed  in  twelve  months  from  their  commencement,  at  a  cost  of  £130,000. 
The  pressure  required  when  the  carriages  are  within  the  tube — an  arrangement  not 
only  proposed,  but  tried  forty  years  ago — is  but  the  one-fortieth  of  that  which  was 
necessary  with  the  Clegg's  atmospheric  railway  system,  with  which  a  continuous  valve, 
subject  to  serious  leakage,  was  required.  The  old  assertion  was  that  compression 
will  not  answer  as  well  for  the  propulsion  of  the  trains  as  exhaustion;  the  action  of 
the  latter  being  instantaneous,  while  that  of  the  former  is  slow  and  comparatively 
insignificant.  So  that  if  a  lighted  taper  were  placed  in  one  end  of  a  sufficiently  long 
pipe,  a  forge  bellows  at  the  other  end  will  not  blow  it  out.  This  has  been  proved 
an  absolute  fallacy.  The  matter  will,  however,  very  soon  be  tested,  upon  a  greater 
■working  scale  than  even  previously  at  Eversholt  Street  Station,  and,  should  it  be 
necessary,  exhaustion  can  be  used  in  both  directions. 

A  Mountain  of  Silver. — Silver  Peak  is  believed  to  be  pre-eminent  over  all 
silver  mountains,  as  the  Iron  Mountain  of  Missouri  is  superior  to  all  other  iron 
deposits.  Silver  Peak  is  situated  east  of  San  Francisco,  on  the  eastern  side  of 
the  Sierra  Nevada,  and  nearly  one  degree  south  of  the  city  of  Austin.  It  is  some 
two  miles  from  Castle  Mount,  an  old  extinct  crater  about  5000  feet  above  ocean 
level.  Near  Silver  Peak  is  an  extensive  deposit  of  salt,  and  not  far  distant  a 
hill  of  pure  sulphur.  The  whole  country  has  a  naked  appearance,  being  quite  des- 
titute of  vegetation,  and  bristles  with  mountains  scattered  over  a  plain  of  great 
extent.  The  dreadful  "Valley  of  Death,"  upon  the  plains  of  which,  along  the 
"old  Spanish  trail,"  travellers  have  suffered  so  much,  lies  but  a  short  distance 
to  the  south-east  of  the  crater  of  Silver  Peak.  Little  Salt  Lake,  in  Southern 
Utah,  lies  directly  east  of  Silver  Peak.  At  first  the  searchers  after  deposits  of  the 
precious  metals  confined  their  searches  to  the  Pacific  side  of  the  Sierra  Nevada,  but 
discoveries  in  New  Mexico,  Arizona,  and  Virginia  city  induced  athorough  examination 
of  the  east  side  of  Sierra  Nevada.  This  resulted  in  great  success,  the  most  brilliant 
of  which  is  fjund  in  the  neighbourhood  of  Austin,  on  the  line  of  the  great  overland 
mail,  where  a  city  has  sprung  up  within  three  years  which  Senator  Nye  says  con- 
tains a  population  of  10,000.  From  along  this  line  of  exploration  the  miners  are 
rapidly  extending  their  operations,  both  north  and  south.  Recently  (within  six 
months)  they  came  upon  this  immense  deposit  near  Castle  Mount.  Twelve  exceed- 
ingly rich  lodes,  or  "  ledges,"  as  the  miners  call  them,  were  discovered  on  that  single 
mountain.  This  discovery  in  an  unexpected  region  is  believed  to  be  the  most  valu- 
able yet  developed.  The  specimens — a  great  number  of  which  have  been  brought 
to  New  York  by  Colonel  Catherwood — are  certainly  very  remarkable,  and  merit  the 
attention  of  the  whole  financial  community.  If  there  is  no  mistake — and  with 
the  specimens  actually  before  us  we  do  not  see  how  there  can  be— a  new  deposit, 
superior  even  to  the  Comstock  lode,  which  has  furnished  so  many  millions  of  silver, 
is  about  to  pour  into  our  market  its  limitless  supply  of  this  precious  metal. — New 
York  Journal  of  Commerce. 

Waterworks. — The  Select  Committee  of  the  House  of  Commons  to  whom  the 
Waterworks  Bill  was  referred  last  Session  reported  to  the  House  that  in  their  opiniun, 
in  consequence  of  the  great  danger  to  life  and  property  attending  the  storing  of 
water  for  manufacturing  and  other  purposes  in  large  reservoirs,  it  is  expedient  that 
the  plans  for  the  construction  of  any  such  reservoir  should  be  submitted  to  the 
Home-office  or  the  Board  of  Trade,  and  a  competent  person  be  sent  to  report  upon 
the  site  and  plans ;  and  also  that  when  the  works  are  being  constructed,  and 
when  they  are  completed,  they  should  be  inspected,  and  it  should  be  competent  to 
the  Home-office  or  Board  of  Trade  then  to  prohibit  water  being  let  into  the  reservoir. 
The  committee  recommend  that  an  adequate  supervision  be  maintained  also  over  all 
large  reservoirs  from  time  to  time  after  their  construction,  lest  they  should  be 
allowed  to  decay  and  become  dungerous.  The  committee  do  not  propose  that  the 
responsibility  of  undertakers  of  waterworks  to  pay  damages  should  be  diminished  by 
this  inspection  and  supervision  ;  but  on  the  contrary,  that  the  law  upon  this  subject 
should  be  stringent  and  completely  unambiguous.  Believing  that  it  would  require 
much  time  and  great  consideration  to  give  effect  to  these  suggestions  by  legislation, 
the  committee  determined  to  proceed  no  further  with  the  bill  referred  to  them. 
They  recommend  that  a  measure  embodying  their  views  should  be  submitted  to  the 
new  Parliament  by  the  Government.—  Timet. 


Aluminium. — Heretofore,  it  has  been  thought  that  the  only  method  of  obtain- 
ing the  metal  aluminium  was  by  acting  on  the  chloride  with  the  alkaline  metals; 
but  M.  Basset,  of  Paris,  has  discovered  that  the  metalloids  and  metals,  which,  by 
double  decomposition,  will  form  chlorides  more  fusible  and  volatile  than  the  chlorides 
of  aluminium,  may  be  employed  for  reducing  these  latter.  For  instance,  arsenic, 
boron,  cyanogen,  zinc,  antimony,  mercury,  and  even  tin,  may  be  used,  and  also  the 
alloys  or  amalgams  of  zinc,  antimony,  and  tin.  The  inventor  prefers  to  use  zinc, 
owing  to  its  low  price,  the  facility  of  its  application,  its  volatility,  and  other  useful 
properties.  The  zinc  should  always  be  added  in  excess,  in  the  proportions  of  about 
four  of  zinc  to  one  of  chloride  of  aluminium.  When  the  latter  is  brought  into  the 
presence  of  zinc  at  a  temperature  of  from  250°  to  300c  centrigrade,  a  chloride  of  zinc 
is  obtained,  and  pure  aluminium  is  set  free.  This  latter  will  dissolve  in  the  excess 
of  zinc,  and  the  chloride  of  zinc,  combining  with  the  chloride  of  sodium,  the  mass 
becomes  thick  and  pasty,  while  the  alloy  of  zinc  and  aluminium  remains  liquid. 
If  the  temperature  of  the  mass  is  again  raised,  it  all  becomes  liquid,  the  zinc 
reduces  another  proportion  of  chloride,  and  the  excess  of  zinc  becomes  enriched  with 
an  extra  quantity  of  aluminium.  The  rich  alloy  is  again  melted  with  the  addition  of 
more  chloride  of  aluminium,  and  kept  well  stirred  or  agitated,  until  nearly  pure 
aluminium,  with  a  very  small  percentage  of  zinc,  is  obtained.  This  is  finally 
heated  to  whiteness,  and  the  zinc  becoming  volatilized,  pure  aluminium  remains. 

The  Isle  of  Man  Breakwater. — The  breakwater  now  being  erected  at  the 
picturesque  Port  Erin  Bay,  in  the  Isle  of  Man,  at  a  cost  of  nearly  £00,000,  is 
making  great  progress.  Port  Erin  Bay  is  an  almost  naturally  formed  harbour  of 
refuge,  requiring  merely  the  breakwater  now  being  erected  in  front  of  part  of  the 
entrance  to  completely  landlock  it.  The  adjoining  coast  is  very  rocky  and  pre- 
cipitous, and  therefore  the  Port  Erin  Harbour  of  Refuge  will  be  of  great  service, 
especially  to  the  immense  herring  fleet  belonging  to  the  island,  and  also  to  the 
shipping,  lying  as  it  does  right  in  the  track  of  the  American  and  Irish  traders.  During 
the  last  few  week  preparations  have  been  actively  made  to  clear  away  by  explosion 
an  immense  mass  of  rocks  which  interfered  with  the  progress  of  the  works.  For 
this  purpose  fourteen  chambers,  each  25  feet  deep,  were  drilled  into  the  rocks,  which 
are  so  hard  that  it  fully  occupied  the  time  of  three  men  several  days  to  drill  each 
chamber.  In  each  chamber  was  deposited  oOlbs.  of  gunpowder,  so  that  altogether 
7001bs.  of  powder  were  used.  A  large  number  of  persons,  amongst  whom  were 
many  of  the  principal  gentlemen  in  the  island,  assembled  to  witness  the  explosion. 
Fourteen  men  were  told  off  to  fire  the  fusees,  and  at  a  given  signal  they  attached 
the  matches  and  quickly  retired.  The  result  is  thus  described  by  an  eye-witness: 
— "  In  a  very  short  time,  during  which  the  spectators  held  their  breath  from 
exciting  expectancy,  about  half  a  dozen  of  the  chambers  exploded  and  with  a  dull, 
heavy  boom,  hurled  out  an  immense  body  of  rocks.  After  a  brief  pause  the  earth 
again  trembled,  and  the  bosom  of  the  adjoining  ocean  heaved,  as  the  remaining 
chambers  went  off  with  a  force  that  made  you  fancy  you  were  in  the  vicinity  of  an 
earthquake  during  an  eruption.  The  grand  result  was  that  about  20,000  tons  of 
solid  rock  were  torn  from  the  position  they  had  held  for  countless  ages,  and  hurled 
on  to  a  roadway  which,  a  few  minutes  before,  had  been  as  clear  as  a  high  road." 
Since  the  commencement  of  the  undertaking  in  October  last,  an  immense  amount 
of  labour  has  been  performed. — Manchester   Courier. 

Academy  of  Sciences. — At  the  last  sitting  a  communication  was  received 
from  Sir  David  Brewster  on  meteorological  correspondence  in  Scotland,  from  which 
it  appears  that  he  was  the  first,  when  appointed  secretary  to  the  Royal  Society  of 
Edinburgh  in  1820,  to  recommend  the  organization  of  a  regular  system  of  meteoro- 
logical observations  all  over  Scotland.  The  idea  was  carried  out,  and  in  the  first 
year  seventy  meteorological  journals  were  kept ;  and,  though  their  number  diminished 
considerably  during  the  following  years,  the  Society  nevertheless  possesses  five  full 
years  of  valuable  observations.  At  first  the  two  hours  of  the  twenty-four  which 
best  represent  the  average  of  the  day  were  fixed  arbitrarily  at  10  a.m.  and  10  p.m.  ; 
but  Sir  David  Brewster  having  recommended  a  series  of  hourly  observations  in 
order  to  determine  which  were  the  best  hours,  the  officers  of  the  Koyal  Engineers 
and  Artillery  stationed  at  Leitli  kindly  consented  to  superintend  the  operations  for 
the  purpose  In  182G  Sir  D.  Brewster  sent  circulars  all  over  Europe  to  obtain 
hourly  observations  of  the  weather  on  the  loth  of  July  and  the  loth  of  January, 
and  obtained  upwards  of  forty  of  them.  The  British  Association  also  ordered 
observations  to  be  made  at  various  periods  and  places  in  Scotland  and  the  Shetland 
Islands,  &c.  M.  Scoutetten  sent  in  a  paper  on  certain  further  researches  of  his,  for 
the  purpose  of  proving  that  the  electrical  state  of  mineral  waters  is  the  chief  cause 
of  their  activity.  He  contends  that  these  waters,  on  issuing  from  the  earth,  are  in 
a  state  of  peculiar  activity,  owing  to  certain  chemical  reactions  which  produce 
dynamic  electrical  phenomena;  a  fact  which  by  no  means  impairs  the  activity  of 
their  chemical  elements  on  the  human  body.  The  perpetual  secretary  presented, 
in  the  name  of  the  author,  the  rest  of  the  maps  of  the  Upper  San  Francisco,  com- 
piled by  M.  Liais.  M.  Paulveril  sent  in  a  paper,  accompanied  with  diagrams,  on  a 
new  air-pump  invented  by  him,  and  by  which  air  may  be  completely  extracted  from 
any  vessel.  It  is  well  known  that  the  ordinary  air-pump  always  leaves  a  little  air  i;i  ; 
but  we  are  at  a  loss  to  understand  how  that  can  be  remedied,  since  the  fault  lies,  not 
in  the  construction,  but  in  the  imperfect  materials  we  have  at  our  command. —  Times. 

Scientific  Dodges. — It  is  well  known  that  ink  is  a  precipitate  of  gallate  of 
iron  mixed  up  and  kept  in  suspension  in  gum  and  water.  As  the  water  evaporates 
the  ink  thickens,  and,  moreover,  becomes  mouldy  owing  to  a  small  proportion  of 
organic  matter  proceeding  from  the  gall-nut.  M.  Mathieu  Plessy  has  got  rid  of 
these  inconveniences,  by  making  a  new  kind  of  ink  with  pyrogallic  acid  and  the 
colouring  matter  derived  from  Brazil  wood  and  other  sorts  of  wood  used  in  dyeing. 
This  ink  flows  well,  and  never  turns  yellow  on  paper.  Dr.  Werner,  physician  to  the 
factory  of  MM.  Dollfus  at  Mulhausen,  treats  wounds  and  sores  of  every  kind  with 
a  liniment  thus  composed  : — Strisburg  turpentine,  1000  grammes  ;  bicarbonate  of 
soda,  25  grammes;  distilled  water,  10  litres.  Digest  for  six  days  in  a  water-hath 
at  a  temperature  not  exceeding  75°  centigrade,  and  filter.  This  is  a  sort  of  tur- 
pentine soap,  much  more  soluble  in  water  than  turpentine  itself.  It  evaporates 
but  slowly  and  costs  very  little.  Most  wounds  are  cured  in  one-third  of  the  time 
required  by  other  applications.  In  some  cases  the  wound  heals  with  extraordinary 
rapidity,  but  in  all  its  appearance  is  healthy,  and  very  little  suppuration  takes 
place — a  very  important  circumstance,  since  it  prevents  the  danger  arising  from 
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purulent  infection.  Radishes  may  be  grown  in  a  very  few  days  by  the  following 
method : — Let  some  good  radish  seed  souk  in  water  for  twenty-four  hours,  then  put 
them  in  a  bag  and  expose  it  to  the  sun.  In  the  course  of  the  day  germination  will 
commence.  The  seed  must  then  be  sown  in  a  well  manured  hotbed,  and  watered 
from  time  to  time  with  lukewarm  water.  By  this  treatment  the  radishes  will  in  a 
very  short  time  acquire  a  sufficient  bulk,  and  be  good  to  eat.  If  it  be  required  to 
^et  good  radishes  in  winter  during  the  severe  cold  an  old  cask  should  be  sawn  into 
two,  and  one  half  of  it  filled  with  good  earth.  The  radish  seed,  beginning  to  shoot 
as  before,  must  be  then  sown  in,  the  other  half  of  the  barrel  put  on  the  top  of  the 
full  one,  and  the  whole  apparatus  carried  down  into  the  cellar.  For  watering 
lukewarm  water  should  be  used  as  before.  In  the  course  of  five  or  six  days  the 
radishes  will  be  fit  to  eat. — Gnlignanis  Messenger. 

Chain  Cables. — The  Board  of  Trade  have  declined  to  comply  with  the  sugges- 
tion of  the  Liverpool  Chamber  of  Commerce  that  they  should  not  license  makers  of 
chain  cables  and  anchors  to  certify  their  own  work.  The  Board  of  Trade  do  not  see 
how  they  can  make  a  regulation  to  exclude  such  persons  from  holding  licenses. —  Times. 

Zirconium. — Since  the  discovery  of  aluminium,  which  was  brought  about  by 
the  aid  of  the  powerful  reducer  sodium,  chemists  have  been  untiring  in  their  endea- 
vours to  obtain  the  other  metals  suspected  to  exist  in  the  bases  which  had  until  then 
resisted  every  effort  to  decompose  them.  It  was  thus  magnesium  was  found  soon 
after  aluminium;  and  now  M.  Troost,  in  a  paper  addressed  to  the  Academy  of 
Sciences,  has  described  his  researches  on  zirconium,  or  the  base  of  zirconia,  which 
is  extracted  from  the  precious  stone  called  hyacinth  zircon,  or  "jargon,"  remarkable 
for  its  delicate  tints,  varying  between  white  and  red.  M.  Troost  wished  to  deter- 
mine whether  zirconium,  already  found  in  an  amorphons  state  by  Berzelius,  was  a 
metal  similar  to  magnesium  or  aluminium,  or  a  metalloid  not  unlike  carbon,  boron, 
or  silicium.  His  first  experiments  were  directed  towards  obtaining  zirconium  in  a 
crystallized  state,  and  in  this  he  succeeded  by  heating  one  part  of  double  fluoride  of 
zirconium  and  potassium  with  one  part  and  a  half  of  aluminium  in  a  crucible  made 
of  the  charcoal  which  accumulates  in  the  gas  retorts,  and  at  a  temperature  equal  to 
that  required  for  melting  iron.  When  the  crucible  has  cooled,  the  surface  cf  the 
button  of  aluminium  which  has  been  formed  is  covered  with  thin  crystalline  laminae 
pressed  together  like  the  leaves  of  a  book.  The  aluminium  may  be  removed  by 
dissolving  it  in  hydrochloric  acid  diluted  with  twice  its  volume  of  water;  by  this 
means  the  lamina;  of  zirconium  may  be  removed,  but  there  still  remain  some,  con- 
sisting of  an  alloy  of  aluminium  and  zirconium.  The  pure  metal,  in  a  crystallized 
state  as  described,  is  a  very  hard  substance  of  great  brilliancy,  and  resembling 
antimony  in  colour,  lustre,  and  brittleness.  The  lamina}  are  easy  to  cleave  in  two 
directions  inclined  to  each  other  at  about  93°,  their  planes  being  inclined  to  the 
third  or  ground  plane  at  an  angle  of  about  103°.  The  density  of  crystallized 
zirconium  is  4"15.  Chlorine  combines  with  it  a  dull  red  heat ;  the  sulphuric  and  nitric 
acids  do  not  attack  it  at  the  ordinary  temperature.  Its  real  dissolvent  is  hydro- 
fluoric acid.  Amorphous  zirconium,  as  obtained  by  Berzelius,  is  a  powder  scarcely 
distinguishable  from  powdered  charcoal;  it  is  a  bad  conductor  of  electricity. — 
Gallgna  n  Ps  Messenger. 

Flint  Implements  Again! — The  opinion  that  the  great  flint  deposit  of 
Prcssigny-le-Grands  (Indre-et-Loire)  was  a  place  where  gun-flints  used  to  be 
made — an  opinion,  it  must  be  recollected,  confirmed  by  the  President  of  the  Academy 
of  Sciences — has  at  length  found  an  adversary  in  the  Marquis  de  Vibraye,  who  last 
week  read  a  paper  to  the  Academy  on  the  subject.  He  first  quotes  the  testimony 
of  a  landed  proprietor  at  La  Claisiore,  M.  de  Chartrcs,  aged  82,  whose  father  died 
at  the  age  of  104,  and  who  has  stated  that  no  tradition  whatever  attributes  the 
nuclei  (rounded  flint  stones— nodules)  winch,  by  the  way,  cover  his  own  fields,  to 
the  existence  of  any  gun-flint  manufactory;  adding,  moreover,  that  that  quality  of 
flint  would  not  be  fit  for  the  purpose.  M.  Eugene  Robert  (of  whose  paper  on  the 
subject  we  gave  a  summary  a  few  months  ago)  had  asserted  that  the  surface  of  the 
flint  implements  at  Pressigny  was  not  covered  with  that  whitish  opaline  coating 
called  cacholong.  This  M.  de  Vibraye  denies,  and  quotes  specimens  existing  in  the 
museums,  and  in  which  this  coating  exists.  M.  Robert  had  also  affirmed  that  the 
flints  of  Pressigny  did  not  oftvr  the  slightest  trace  of  friction  or  grinding  for  the 
purpose  of  giving  them  a  useful  shape.  To  this  M.  de  Vibraye  replies  that  observers 
have  hitherto  had  their  attention  specially  drawn  to  the  large  blocks,  and  pnid 
no  attention  to  the  vast  number  of  splinters  lying  about,  and  most  of  which,  he 
allows,  bear  no  trace  whatever  of  workmanship,  though  there  are  a  certain  number 
winch  have  most  undoubtedly  been  purposely  fashioned  into  long  sharp  knives,  the 
edges  of  which  are  ground  with  the  greatest  care.  There  are  scrapers  artistically 
rounded  off,  at  both  ends  sometimes,  and  hammers  of  a  round  form,  bearing 
numerous  marks  of  their  having  been  used.  Certain  places  seem  to  have  been 
finishing  workshops,  where  the  hatchets  and  other  tools  were  properly  polished.  As 
a  proof  of  this,  M.  de  Vibraye  mentions  a  number  of  blocks  of  sandstone  orquartzite, 
with  deep  grooves  in  them,  into  which  the  implements  evidently  were  inserted  to 
give  them  the  last  finish. — Galignani's  Messenger. 

IYkk  Ikon.* — In  decomposing  nitride  of  iron  by  means  of  hydrogen  (in  the  obtain- 
ing of  which  compound  Dr.  Stahlschmidt  appears  to  have  been  more  successful  than 
previous  experimenters),  he  has  obtained  metallic  iron  of  very  remarkable  purity, 
which  is  described  as  being  of  a  silver-white  colour,  extraordinarily  ductile,  and  so 
remarkably  soft  that  it  can  be  readily  cut  by  a  common  knife.  This  iron  oxidizes  in 
the  air  quite  as  easily  as  ordinary  iron,  and  more  easily  in  moist  air.  It  possesses 
also  the  property  of  condensing  water  on  its  surface  when  exposed  to  atmospheric 
air.  The  specific  gravity  of  the  purest  iron  hitherto  obtained  by  electrolysis  is  as 
high  as  8"130,  that  of  ordinary  commercial  bar  or  plate  being  7-8,  whilst  in  this 
decomposed  nitride  it  is  as  low  as  6"03.  The  iron  obtained  by  Dr.  Stahlschmidt 
in  the  way  indicated,  dissolves  in  acids  without  leaving  the  slightest  residue,  and  thus 
appears  to  be  purer  than  any  iron  previously  obtained  by  any  other  method. 

The  Exhibition  Palace  fok  18G7. — The  building  in  question,  says  the 
Steele,  will  have,  as  already  mentioned,  the  form  of  a  broad  ellipse,  and  will  be  sur- 
rounded by  a  green  sward  to  cover  the  whole  extent  of  the  Champ-de-Mars.  In 
the  centre  of  the  building  will  be  laid  out  a  garden,  from  which  will  radiate  naves 
to  the  circumference;  they  being  intersected  by  circular  avenues  running  around  the 
whole  building.  The  radii  from  the  centre  will  serve  to  distinguish  the  different 
♦Poggendorfs  "Annalen,"  v.  1S65. 


countries,  as  each  nation  will  have  appropriated  to  it  a  number  in  proportion  to  its 
importance,  while  the  circular  passages  will  be  devoted  to  products  of  the  same  kind. 
So  that  to  examine  the  different  productions  of  a  country  the  visitor  must  pass  from 
the  centre  to  the  circumference,  or  vice  versa,  while  to  examine  the  same  products 
as  manufactured  by  different  States — silks,  for  instance — lie  will  only  have  to  follow 
the  circular  avenue  reserved  for  that  article  ;  lie  can  thus  pass  in  review  the  display  of 
that  kind  of  goods  of  all  the  different  countries.  As  the  circular  passages  become 
smaller  by  degrees  as  they  approach  the  centre,  the  most  valuable  objects,  and  those 
which  occupy  the  least  space,  will  be  contained  in  the  inner  circles,  and  the  passages 
nearer  the  circumference  will  be  reserved  for  the  articlesof  greater  bulk.  Consequently, 
the  works  of  art  will  occupy  the  first  gallery  around  the  garden  ;  and  the  next  will  be 
reserved  for  artistic  manufactures ;  then  will  come  furniture,  next  the  gallery  devoted 
to  articles  of  clothing,  in  silk,  wool,  linen,  or  cotton,  and  this  will  be  successively 
followed  by  those  of  raw  materials,  instruments,  and  modes  of  production,  articles 
of  food,  &c.  At  the  exterior  on  each  of  the  four  sides  will  be  placed  immense 
steam  boilers  for  putting  in  motion  the  engines  exhibited.  The  external  gallery  will 
form  a  promenade  around  the  palace.  Besides  the  radiating  and  elliptical  passa^i'S, 
there  will  be  two  large  naves,  which  will  traverse  the  building  in  the  direction  of  its 
axes,  and  will  consequently  intersect  each  other  at  right  angles.  The  nave  of  the 
principal  axis  will  pass  not  only  through  the  palace,  but  also  through  the  annexed 
buildings  outside,  and  will  have  an  entry  on  the  Quai  d'Orsay,  opposite  the  Pont 
dTdna,  and  another  in  the  Avenue  de  la  Mothe-Piquet,  opposite  the  grand  entrance 
to  the  Ecole  Militaire.  Those  portions  of  this  nave  which  pass  through  the  external 
dependencies  of  the  palace,  will  form  large  avenues  bordered  with  covered  galleries. 
The  nave  of  the  small  axis  will  have  one  of  its  entrances  in  the  Avenue  Labourdon- 
nais,  and  the  other  in  the  Avenue  Suffren.  In  order  to  give  to  the  exhibition  a  fitting 
character  of  universality,  agriculture  will  hold  a  large  place.  The  Champ  de  Mars 
will  be  bordered  with  sheds,  in  which  cattle  from  the  different  nations  will  be  exhibited, 
with  pavilions  for  bees,  silkworms,  cochineal,  and  other  useful  insects,  and  basins  for 
fresh  and  sea  water  fish  and  molluscse.  Two  pattern  farm  establishments  will  besides 
be  laid  out,  one  in  the  English  and  the  other  in  the  French  style;  elsewhere  will  bo 
reserved  spaces  for  horticultural  shows,  and  for  model  houses  for  the  working  classes, 
&c.  Four  sections  of  covered  galleries  erected  outside  the  main  building,  and  con- 
nected with  the  external  naves  of  the  great  axis,  are  designated  on  the  plan  as 
bazaars.  These  latter  will  be  among  the  greatest  novelties  of  the  exhibition ;  in 
them  will  be  seen  at  work  natives  of  the  different  countries  in  which  industry  is  still  in 
an  elementary  state,  as,  for  example,  an  Indian  of  Panama  plaiting  hats,  or  a  Nubian 
family  weaving  stuffs  with  a  loom  composed  of  a  few  sticks  only.  Those  primitive 
artisans  on  the  one  hand,  and  the  most  improved  machinery  of  western  Kurope  on 
the  other,  will  represent  the  two  poles  of  human  industry  in  1807.  The  modes  of 
reaching  the  Chainp-de-Mars  will  be  numerous;  there  will  be  supplementary  lines 
of  omnibuses,  and,  as  already  announced,  a  branch  from  the  circular  railway  at  Pont- 
du-Jour.  There  will  besides  be  lines  of  steamers  above  and  below  that  point  on  the 
river,  and  for  which  landing  places  will  be  formed  below  the  qnais.  Baths,  cafe's, 
and  a  restaurant  will  also  be  established  near.  The  above  are  the  arrangements  so 
far  adopted,  but  those  plans  may  be  modified  according  as  the  necessity  for  such 
changes  shall  be  shown  in  the  course  of  the  execution  of  the  different  projects. — 
Galignani's  Messenger. 

It  appears  from  the  following  letter  to  the  Times,  that  the  actual  design  of  this 
Exhibition  Palace  emanated  from  our  own  country : — 

Sir, — The  plan  of  the  intended  building  for  the  Pans  Exhibition,  and  the  method 
of  arranging  its  contents,  described  in  the  paragraph  of  the  Times  of  to-day,  copied 
from  Galignani's  Messenger,  was  designed  by  me,  in  conjunction  with  my  friend 
Mr.  E.  J.  Payne,  F.I.B.A.,  of  Birmingham,  between  four  and  five  years  ago,  and 
was  published  by  us  in  the  Builder  of  February  the  16th,  1861. 

Not  only  is  the  general  plan  of  the  intended  Paris  Exhibition  building,  and  the 
proposed  method  of  combining  in  the  same  arrangement  a  geographical  with  a  specific 
classification,  exactly  what  we  published,  but  all  the  small  details  are,  with  scarcely 
an  exception,  identical.  I  trust  that  the  Imperial  Commissioners  will  frankly  recog- 
nize our  authorship  of  the  design.  The  description  of  it  given  in  the  Builder  of  Feb- 
ruary the  16th,  1861,  with  ground  plan  of  arrangement  of  building,  is  being  reprinted, 
and  will  shortly  be  published  in  English  and  French. 

I  am,  Sir,  your  obedient  servant, 

George  Maw,  F.S.A. 

Benthall  Hall,  near  Broseley,  July  28. 

I  inclose  herewith  a  copy  of  the  article  from  the  Builder,  that  I  have  had  reprinted 
for  private  circulation. 


APPLICATIONS   FOR 

PROVISIONAL  PROTECTION  FOR  INVENTIONS 
UNDER  THE  PATENT  LAW  AMENDMENT  ACT. 

H&F  When  the  city  or  town  is  not  mentioned,  London  is  to  be  understood. 


1546 
1547 
1543 
1549 
1550 
1551 
1552 


1553 
15.-J4 
1555 
1556 
1557 
1558 
1559 
1560 
15131 


6th  June,  1865. 
George  HaseUine,  Chancery  Lane— Fire-arms.— A  com. 
David  Barker,  Battersea  Park,  Surrev — Artificial  fuel 
Henry  H.  and  John  F.  Kromschrorde'r,  llaverstock  Hill— Dry  gas  meters 
Richard  A.  Brooman,  Fleet  Street— Reservoirs.— A  com. 
Richard  A.  Brooman,  Fleet  Street— Cumbinpr  wool.— A  com. 
Alfred  and  Alfred  W.  Pemberton,  Eccles— Twisting  cotton 
George  HaseUine,  Chancery  Lane— Projectiles.— A  com. 

7th  June,  1865. 
James  Howarth,  United  States— Distilling  coal  shnle.— A  com. 
Arthur  C.  Henderson,  Charing  Cross— Tanning  hides.— A  Com. 
Victor  Duterne,  Paris— Metallic  stuffing 
Frederick  Foster,  Whitechapel— Liquid  feeders 
William  Tongue,  Wakefield-Combing  librous  materials 
Thomas  Smith,  Birmingham— Axes 

William  Sim  and  Arthur  Barff,  Glasgow— Generating  heat 
John  Ferguson  and  Robert  Miller,  Glasgow— Steel 
William  E.  Newton,  Chancery  Lane -Steam  engine  governors.— A  com. 


September  1,  1S65. 
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Sth  June,  1865. 
1562  Joseph  R.  Cooper,  Birmingham— Fire-arms 
15^33  Samuel  B.  Tucker,  Threadneedle  Street — Air  engines. — A  com. 

1564  II.  Hunt,  Lewishain,  Kent,  and  R.  Hunter,  Tottenham  Court  Road — Frames  for 

looking  glasses 

1565  Samuel  Stell,  Thomas  Broughton,  and  Francis  Hall,  Keighley — Spinning  wool 

1566  Jabez  Draper,  Kingsland — Sewing  machines 

1567  Harriet  S.  Cohen,  Magdalen  Row — Coating  the  bottoms  of  ships 
156S  George  Haseltine,  Chancery  Lane — Sifting  flour.— A  com. 

9th  June,  1865. 
1509  J.  H.  and  F.  R.  Holmes,  Norwich — Horse  hoes 

1570  Howard  B.  Pox,  Oxton— Necks  of  bottles 

1571  "William  W.  Hulse,  Manchester— Tools  fur  cutting  metals 

1572  George  Haseltine,  Chancery  Lane — Sewing  machines.—  A  com 

1573  William  E.  Gedge,  Strand  -Impregnating  woods. — A  com. 

1574  Julius  de  llemptine,  Ghent,  Belgium— Spinning  cotton 

1B75  Charles  Vernon  ami  William  Hodgkins,  West  Bromwich — Safety  valves 

1576  Ltent.-Col.  Baker,  Cambridge — Obtaining  power  when  fluid  pressure  is  employed 

1577  "William  H.  Harfield,  Royal  Exchange  Buildings — Steering  ship* 

1575  G.  E.  Meek,  Fleet  Street,  and  W.  H.  Howes,  Shoreditch — Fastenings  for  doors 

10th  June,  1S65. 
1579  Joseph.  M.  Dentith,  Flintshire — Chromate  of  potash 
15S0  John  Henderson,  Bradford — Printing  wool 
1681  Arthur  II.  Gilmore.  Bursledon — Supports  for  doors 
15S2  Richard  A.  Brooman, — Fleet  Street — Kilns. — A  com. 
15o3  Daniel  Spink,  Weston-super-Mare,  Somerset — Propelling  vessels 

12th  June,  1S65. 

1554  J.  Glazebrook,  M.  N.  Mills,  and  B.  R.  Mills,  Ashton-under-Lyne— Sewing  machines 

1555  Edward  T.  Hughes,  Chaucery  Lane — Violet  of  rosauiline. — A  com. 

1556  John  Edgar  Poynter,  Glasgow — Purifying  paralline 

1557  George  Haseltine,  Chancery  Lane — Excavating  rock.— A  com. 
15SS  Gaetan  Bonelli,  Paris — Photography 

15S9  George  Speight,  City  Road — Curving  collars 

1590  Richard  A.  Brooman,  Fleet  Street — Furnaces.— A  com. 

1591  John  Thomas,  Battersea — Lighting  gases 

1592  James  Hayes,  Bow  Lane — Sewing  machine 

1593  "William  J.  Hixon,  Bayswater — Permanent  way  of  railways 

13th  June,  1S65. 

1594  Albert  Robinson,  Westminster — Firing  tea.— A  com. 

15B5  Ge  >rge  Haseltine,  Chancery  Lane — Fuses  for  shells. — A  com. 

1596  J.  A.  Milliugton.  Maidstone,  and  A.  Alluutt,  Loose— Paper 

1597  Charles  Alfred  Hemingway,  Dewsbury — C.iscd  splint  for  fractures 

1595  John  James  Bodmer,  Newport — Constructing  partitions 

1599  William  Jeffrey  Hopkins,  Worcester — Force  dispelier 

1600  Charles  James  Collins,  Upper  Thames  Street — Artificial  fuel 
16*11  John  Henry  Johnson,  Middlesex— Wheels. — A  com. 

1602  Thomas  Routledge,  Ford,  and  William  Henry  Richardson,  Springwell — Paper  stock 

1603  Samuel  Hor  ridge,  Cheltenham — Signals  in  railway  trains 
1004  James  Griffiths,  Ludlow — Self-acting  break 

IGuo  Francois  Alexandre  Laurent  and  John  Casthelaz,  Paris — Phthalic  acid 

14(ft  June,  1S65. 

160G  Henry  George  Falrburn,  St.  Luke's — Compressing  cml 
1607  Benjamin  and  Stephen  Massey,  Openshaw — Hammers 
1     -  Charles  de  Vendenvre,  Kentish  Town — Spring  stoppers  to  chain  cables 

1609  Andrew  Edmund  Brae,  Leeds — Conducting  electric  currents  through  railway  trains 

1610  William  Edson,  Massachusetts — Hygrometric  condition  of  the  atmosphere 

1611  George  E.  Keats,  Leicester,  and  John  Keats,  Street,  Somerset— Sewing  machines 

1612  William  Robinson  Mulley,  Plymouth — Sheathing  iron  ships 

1613  S.Coortaold,  Waddon.andC.W.  Atkinson,  Bloomsbury — Shutting  carriage  windows 

1614  Henry  Orm~ou,  Chelsea—  Hot-water  boilers 

15(A  June,  18G5. 

1615  Stanislaus  Helcman,  Westminster — Shirt  collars 

1616  Stanislaus  Helcman,  Westminster — Stud  for  shirls 

1617  Jules  Francois  Dub-is,  Paris— Bit  for  horses 

1618  Virgile  Poitevin,  Paris— Steam  plough 

1619  Thomas  Rothwell,  Ramsbottom— Cotton  cardings 

1620  Richard  A.  Brooman,  Fleet  Street— Furnaces.— A  com. 

1621  William  Clark,  Chancery  Lane — Preventing  collisions  on  railways. — A  com. 

1622  M.  P.  W.  Boulton,  Tew  Park,  Oxfordshire — Generating  steam 

1623  George  Edgar  Way,  Strand — Pianofortes. — A  com. 

1624  Phineas  Lawrence  and  George  Jeffreys,  New  York— ^Copying  presses 
I  B25    T   hn  Hartley,  Otley — Corn  screens 

1626  Henri  Adrien  Bonneville,  Paris — Traction  of  vehicles — A  com, 

16th  June,  1865, 

1627  William  Edward  Gedge,  Strand — Manufacturing  pottery. — A  com. 

1628  Michael  Ilenry,  Fleet  Street — Telegraphic  communications. — Acorn. 

1629  Richard  A.  Brooman,  Fleet  Street — Shoes  for  horses.-  A  com. 

1630  Richard  A.  Brooman,  Fleet  Street — Watches. — A  com. 

1631  John  Henry  Johnson,  Middlesex — Lamp  burners. — A  com, 

1632  Charles  Augustus  Lamont,  New  York— Desiccating  eggs 

1633  William  Trevors  Wanklyn,  Manchester — Silk  winding  machine 

17th  June,  1865. 
1631  William  Deltonr,  New  York— Preparation  of  vegetable  fibre 
163$  Henry  Everard  Clifton,  Liverpool— levelling  of  leather  sheets 
1636  August  Klein,  Leipzig — Gunpowder  for  mining. — A  com. 

1037  Walter  Howes  and  William  Bur'.ey,  Birmingham  —  Lamps  for  railway  carriages 
1638  George  Payne,  Battersea — Purifying  cotton  seed  oil 
1';  ;u  Thomas  Russell  Crampton,  Westminster — Roadways 

1640  Edwin  Byerley,  Bristol — Communication  on  railway  trains 

1641  George  Haseltine,  Chancery  Lane — Sewing  machinery. — A  com. 

1642  Valentine  Baker,  Dubliu— Utilizing  water  power 

19th  June,  1S65. 

1643  Henry  Defrie3,  Honnsditch— Railway  trains 

1644  Edward  Whalley,  Blackburn — Doubling  yarns 

1645  Charles  Hook  and  Alfred  Peace,  Bridgewater — Propellers  for  ship3 

1646  George  Smith,  Clapham  Road,  Surrey — Locomotive  engines 

1617  John  Henry  Johnson,  Middlesex — Preservation  of  the  hair. — A  com. 
1648   William  Clay,  Liverpool — Ventilating  railway  carriages 

20th  June,  1835. 

1640  I'liilippe  Mingand,  Brunswick  Square— Obtaining  jellies  from  the  Arbutus 

I    .-'unvy  —  Envelopes 
1651   Abraham  Col  ley,  Enfield  Highway — Fire-arms 

William  Edward  Gedge,  Strand — Elastic  mattress. — A  com. 
Carlewj  .  Genoa— Light  for  photographic  purposes 
Lggs,  Cbaacery  Lane— Electric  ti legraph  instruments 

1655  Edward  Griffith  Brewer,  Chancery  Lane — Taps  or  valves.— A  com. 

1656  William  Clark,  Chancery  Lane— Generating  motive  power. — A  cu.n, 


1057  Jas.  Parrish,  Charles  Thatcher,  and  Thomas  Glasscock,  Goswell  Street—  Irun  tafes 

1658  John  Scholl,  Soho — Gas  burners 

1659  William  Henson,  Nottingham — Communication  on  railway  trains 
1360  Mark  Audinwood — Weston-upon-Treut,  Derby — Mowing  machines 
1061  Duncan  M'GIashan,  Glasgow — Sewing  machines 

1662  Evariste  Vignier,  Great  Tower  Street — Distilling 

1663  Emilo  Dupout,  Belgium— Wheels  for  railway  carnages 

21s/  June,  18C5. 
1661  John  Busfield  and  Samuel  Bairstow  Walmsley,  Bradford — Combing  wool 

1665  William  Clark,  Chancery  Lane— Lithographic  printing. — A  com. 

1666  William  Edward  Gedge,  Strand— Fire  escape. — A  com. 

1667  Michael  Henry,  Fleet  Street — Measuring  fluids. — A  com. 

1668  Charles  Henry  Gardner,  West  Harding  Street— Polishing  lithographic  stones 

1669  Charles  Talbot  Porter,  New  York— Surface  condensers 

1670  William  Charles  Rickman,  Emdshot,  Southampton — Rigging  of  balling-boats 

1671  William  Roberts,  Pimlico— Cutting  dovetails 

22nd  June,  1865. 

1672  Samuel  Godfrey,  Middlesborough-on-Tees— Furnace  bars 
1073  Nicholas  de  Becker,  Old  Bionipton — Umbrellas 

1674  Edward  Kenworthy  Dutton,  Sale,  Chester — Measuring  flow  of  liquids 

1675  Julian  Moses  Abrams,  Moorgate  Street — Reception  ol  coin 

1676  Michel  Siegrist,  Brompton— Signalling  on  railway  trains 

1677  William  Edward  Newton,  Chancery  Lane — Surface  coud  users. — A  com. 

1678  George  Haseltine,  Chancery  Lane— Sewing  machines. — Acorn, 

1679  James  Gale,  Devonshire  Terrace — Treating  gunpowder 

23rd  June,  1865. 

1680  Archibald  Edward  Dobbs,  Lincoln's  Inn— Drags  for  carriages 

1651  Candido  Ravelli,  Bedford  Square— Turntables 

1652  M.  D.  Rosenthal  and  S.  Gradenwiiz,  Houndsditch — Imitation  ivory  umbrella  tip3 

1653  Lesley  White,  Paisley — Clay  tobacco  pipes 

1084  William  J.  Murphy,  Cork — Stopping  railway  trains 

1685  William  Lusty,  Birmingham — Needles 

1686  Edward  Finch,  Chepstow — Rivets 

16S7  H.  S.  Snell,  Chancery  Lane,  and  F.  E.  Thomas,  Islington—  Supplying  gas  to  burners 

24(7*  June,  1S65. 
16SS  Henri  A.  Bonneville,  Paris — Life-boats. — A  com. 
16S9  Robert  Eastman,  Islington — Castors 
16D0  Matthew  A.  Muir  and  J.  M'llwham,  Glasgow— Preventing  noxious  exhalations 

1691  Richard  A.  Brooman,  Fleet  Street — Portable  table. — A  com. 

1692  George  Turton,  Sheffield — Floating  docks 

1693  Peter  A.  le  Comte  de  Fontainemoreau,  Paris— Nails. — A  com 

1694  Frederick  G.  David,  Paris— Printers'  rollers 

1695  J.  Solomon,  Red  Lion  Square — Magnesium  for  illuminating  purposes. — A  com. 

1696  Charles  R.  Bamber,  Jersey — Producing  magnesium  light 

1697  William  Clark,  Chaucery  Lane — Consuming  smoke. — A  com. 

26th  June,  1S65. 
169S  Thomas  L.  Jowett,  Swansea— Bricks 

1699  John  Nugent,  Birkenhead — Communicating  on  railway  trains 

1700  Morris  Ashby,  Staines — Cooling  liquids 

1701  Josse  E.  Spanoghe,  Antwerp — Motive  power 

1702  Richard  A.  Brooman,  Fleet  Street— Printing  in  colours, — A  com. 

1703  Charles  Worssam,  Kingsland  Road,  and  Geo.  Evans,  Portman  Square,  Middlesex- 

treatment  of  peat 

1704  Samuel  S.  Bateson,  Mayfaiv— Croquet  mallefs 

1705  John  Whittle,  Boston — Permanent  ways  of  railways 

1706  John  Medhurst,  Surrey — Portable  punching  apparatus 

1707  William  E.  Newton,  Chancery  Lane— Hats.— A  com. 

170S  William  E.  Newton,  Chancery  Lane — Pianofortes. — A  com. 

27(7*  June,  18G5. 

1709  Henry  M.  Kennard,  Crnmlin — Making  rivets 

1710  Henry  Shaw,  Walworth — Stopping  railway  carriages  in  motion 

1711  Richard  A.  Brooman,  Fleet  Street— Burning  liquid  hydrucaibons. — A  com. 

1712  James  Spratt,  Stranraer  Place— Cutting  hay 

1713  John  Kirkham,  Manchester — Securing  the  rails  of  railways 

1714  John  II.  Johnson,  Middlesex— Cotton  gins. — A  com. 

1715  William  Brooks,  Bristol— Heating  chisels 

2Sth  June,  1SG5. 

1716  Henry  G.  Fairburn,  St.  Luke's — Improved  fuel 

1717  W.  Ingham,  Manchester — Circular  pressing  machines  for  finishing  woven  fabrics 

1718  John  K.  Farnworth,  Alderley  Edge— Railway  carriage  windows 

1719  William  E.  Newton,  Chancery  Lane — Amalgams  of  quicksilver. — Acorn- 

1720  Wilhclm  Bever,  Schwelra,  Prussia -Skates.— A  com, 

1721  James  Webster,  Glasgow — Under  vests 

1722  W.Percival,  Aston-by-Budworth,Cehster — Table  to  be  employed  infinishingcheescs 

1723  Richard  Boot  and  John  Coxon,  Nottingh  un— Twist  lace  machines. 

1724  Paul  Jacoveno,  Coventry  Street— Raising  petroleum  oils 

1725  William  E.  Newton,  Chancery  Lane— Shirt  front.— A  com. 

1726  Edwin  Reynolds,  Nunhead,  Surrey — Opening  sash  windows 

1727  William  Bothani,  Sheffield— Fluid  regulator 

29th  June,  1865. 

1728  Robert  II.  Lee.se,  New  York— Bending  sheet  metal. — A  com 

1729  D.,  T.,  J.,  and  J.  Mercer,  Accrington— Sizing  machines 

1730  Richard  A.  Brooman,  Fleet  Street— PrintiDg  threads. — A  com. 

1731  John  Cox,  Edinburgh— Oars 

1732  George  Lizars,  Paris — Dry  gas  meters 

1733  Alexander  Prince,  Charing  Cross — Distributing  feeding  materials  in  high  furnaces 

1734  W.  I-;.  Newton,  Chancery  Lane — Preventing  the  incrustation  of  hollers. — A  com. 

1735  William  E.  Newton,  Chancery  Lane— Locks. — A  com. 

ZOth  June,  1S65. 

1736  P.  D.  Finnigan,  Camberwell  Road — Stopping  the  motion  of  locomotive  engines 

1737  William  Schofield,  Heywood — Gas  retorts 
173S  Henry  P.  Tipper,  Wilfenhall— Gun  barrels 

1739  Francois  Delamare-Debouttcvjlle,  France— Drawing  cotton 

1740  Henry  W.  Rosier,  Leadenhall  Street — Water  closets 

1741  Richard  A.  Prooman,  Fleet  Street— Collars. — A  com. 

1742  Richard  A.  Brooman,  Fleet  Street — Tuning  pianos, — A  com. 

1743  John  Keighley,  Bradford— Looms  for  weaving 

1744  William  II.  Davey,  Caledonian  Road — Washing  machines 

1745  Edwin  Elliott,  City  Road— Steam  boilers 
1740  Louis  Faure,  Paris — Elastic  railway  carriage 

1st  July,  1865. 

1747  George  Davies,  Lincoln's  Inn — Knitting  machines. — A  com. 

1748  William  R.  Lake,  Chancery  Lane — Moulding  clay.— A  com, 

1749  James  Atkins,  Birmingham  — Metallic  tubes 

1750  William  E.  Newton,  Chancery  Lane— Fire  arms.— A  com. 

1751  William  M'Gregor,  Blackhcaih— Points  of  railways 

1752  John  Calvert,  Strand— Propelling  ships 
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3rd  July,  1865. 
Isham  Baggs,  Chancery  Lane— Submarine  telegraphy 
Charles  de  Bergue,  Strand — Locomotive  engines. — A  com. 
Edward  Deane,  London — Tubular  structures 
John  F.  Jones,  New  York — .Machines  for  making  paper  board 
Stephen  Bates,  New  Radford — Twist  lace  machines  , 
George  and  Daniel  Hum,  Norwich— Mats 
Joseph  Naveaux,  Belgium— Retarding  railway  carriages 
Martin  Benson,  Manchester  Square— Steam  engines 
Louis  II.  G.  Ehrhardt,  Bayswatcr— Vices 

ilk  July,  1865. 
Stephen  Wright  Smethwick— Axles  for  carnages 
Philip  Passavaut,  Bradford — Linings  for  ladies'  dresses.— A  com. 
W.  Clapperton,  Johnstone,  and  A.  Lyle,  Greenock— Setting  up  casks 
Sylvain  B.  Labouret,  Paris — Suspended  bridges 
John  and  Richard  S.  Dale,  Manchester — Printing  upon  paper 
Josiah  Harrington,  Brixton — Carriages 
William  Jenkins,  Abergavenny — Lamp  oils 
James  E.  Wilson,  Torquay — Locomotive  engines 
Richard  A.  Brooman,  Fleet  Street — Dissolving  pitch. — A  oom, 
William  E.  Gedge,  Strand — Circular  endless  railway. — A  com. 

blh  July,  1865. 
Frederic  N.  Gisborne,  West  Strand— Giving  signals  on  board  ships 
John  Braithwaite,  Crook — Turning  wood 
William  S.  Parfitt,  Devizes — Aerated  Vaters 
John  and  Abram  Longbottom,  Leeds — Floor  cloths 
John  Jobson,  Derby,  and  John  F.  Dickson,  Leicester — Conversion  of  malleable  iron 

into  steel 
Joseph  W.  Gray,  St.  Dunstan's  Hill — Cleaning  rice 
George  Low,  Dublin — Boring  rocks. 
Harry  Emanuel,  New  Bond  Street— Ornaments  for  personal  wear 

6th  July,  1865. 
Hermann  Bcigel,  Finsbury  Square — Producing  oxygen 
Thomas  S.  Prideaux,  Piccadilly — Draught  beer 
George  Carter,  Willenhall — Locks 
James  11.  Smith,  Oxford  Street — Harmoniums 

William  Thomson.  Glasgow,  and  C.  b\  Vailey,  Beckenham — Electric  telegraphs 
Charles  F.  Clans,  Fcarnhcad — Obtaining  sulphates  of  potash 
John  H.  Johnson,  Middlesex — Railway  switches. — A  com. 
John  F.  Jones,  New  York  —Paper  board 
William  E.  Gedge,  Strand — Automaton  lay-figure. — A  com. 
Alfred  V.  Newton,  Chancery  Lane — Boxes. — A  com. 
Alfred  V.  Newton,  Chancery  Lane — Superphosphate  of  lime. — A  com. 
J.  W.  Swan,  Gateshead — Production  of  printing  surfaces  by  photographic  agency 
William  Clark,  Chancery  Lane — Cutting  files. — A  com. 

Ilk  July,  1865. 
James  M.  Macrum,  Hill  Street — Iron. — A  com. 
Pierre  M.  C.  Beziel.  Paris — Bracelets 
Augustin  F.  Morelle,  Paris — Portable  pocket  gas-generator 
Eric  II.  Waldenstrom,  Manchester — \ietallic  bolts. 

Isaac  Peel  and  William  !  I  argreaves, Bradford — Manufacturing  grease  from  soapsuds 
Thomas  Sheldon,  Scdgley — Handles  of  smoothing  irons 
Henry  D.  P.  Cunningham,  Bury — Training  guns 
Thomas  F.  Henley.  Pimlico — Stuffing  cushions. — A  com. 
Fischer  A.  Wilson,  Westminster — Breech-loading  ordnance 
John  Hopkinsun,  Regent  Street,  and  John  Whitelock,  Leeds — Harmoniums 
James  P.ullough.  Baxeoden — Looms  for  weaving 
Joseph  George,  Kings  Holme — Collins 

R.  Green,  Mortimer  Street,  and  J.  W.  llaiokc.  Great  Portland  Street— Fire  arms 
William  Goulding,  Leicester— Ornamental  baskets 
George  Fentiman,  Upper  East  Smithlield— Paints 
James  Willis,  Sheffield — Portable  dark  tents  for  photographers 

Slk  July,  1865. 
Isham  Baggs,  Chancery  Lane — Artificial  light 

William  E.  Newton,  Chancery  Lane— Break  for  wheels  of  carriages. — A  con). 
George  B.  Woodruff.  Cheapside— Marking  the  width  of  tucks  in  sewing  machines 
John  F.  Heather,  Old  Kent  Road,  Surrey — Locks 
Richard  A.  Brooman,  Fleet  Street— Cast  steel.— A  com. 
Benoni  Collins,  and  John  Butterfiold,  Manchester— Cutting  fustian  fabrics 
Joseph  Byford,  Long  Melford — Mowing  machines 
Hector  A.  Dufrene,  Paris — Circulation  of  volatile  liquids. — A  com. 
Christopher  O.  Papengouth,  Russell  Square — Constructing  ships 

lOt/i  July,  1865. 
George  T.  Livesey.  Old  Kent  Road— Purifying  ga1* 
Henry  Schooling,  Bethnal  Green — Ornamenting  confectionary 
William  A.  Lyttle,  London — Mechanical  effect  of  steam 
Richard  A.  Brooman,  Fleet  Street — Steam  carriages. — A  com. 
David  Cowan,  St.  Pancras — Lifts  for  transferring  goods 
Frederick  Taylor,  Chancery  Lane — Fountains 

W.  S.  Underbill,  Newport,  and  A.  II.  and  J.  Corden,  Chatwell— Reaping  machines 
John  Jones,  Liverpool — "  Making  up"  of  trousers 
Robert  Hineson,  Liverpool — Food  for  horses 

Henry  Fearnley,  Halifax,  and  Christopher  Smith,  Batlcy — Drying  domestic  clothes 
George  Firman,  Henley — Preparing  flax  for  scutching 


11  (ft  July,  1865. 
1829  James  Soutter  and  Thomas  Christie,  Edinburgh — Croquet  games 
1880  Frederick  Massey,  Clerkenwell — Ships'  logs 

1831  Hector  A.  Dufrene,  Paris— Ores. — A.  com. 

1832  Hector  A.  Dufrend,  Paris— Obtaining  motive  power. — A.  com. 
1838  Hector  A.  Dufrene,  Paris — Obtaining  oxygen. — A  com. 

1534  Nathaniel  Jenkins,  Boston— Water  valves 

1535  Benjamin  Fothergill,  Cornhill — Sewing  machines 

1836  Morris  II.  Keene,  Croydon — Traction  engines A  com. 

12ft  July,  1S65. 

1837  Thomas  C.  M'Keen,  United  States— Diving  apparatus 

1838  Thomas  C.  M  Keen,  United  States— Elevating  ships  in  water 

1839  Samuel  B.  Howlett,  Chelsea— Registering  the  force  of  the  winds 

1840  A.  Denayrowze,  Golden  Square — Equipments  used  by  persons  employed  under  water 
1811   Harrison  Blair,  Kearsley— Production  of  gases  from  aqueous  vapour 

1842  James  1C.  Wilson,  Torquay — Permanent  way  of  railways 
1S43  John  Saunders  and  Joseph  Piper,  Kidderminster— Tin  plates 

13(4  July,  1865. 
1814  George  C.  Collyer.  St.  George  Street  East,  and  Charles  L.  Roberts,  Clerkenwell— 

Utilizing  the  stalks  of  tobacco 
1845  Alexander  Mackle  and  J.  P.  Junes,  Warrington— Composing  type  for  printing 

14(4  July,  1B65. 
1S46  Henri  A.  Bonneville.  Palis— Copving  letters.— A  com. 
1817  William  Meddow.iv.lt,  Hammersmith— Rollers  for  window  blinds 


1S4S  John  B.  Chatterlev,  Birmingham— Cruet  frames 

1849  John  Clayton,  West  Bromwich— Ingot  moulds 

1850  David  and  John  Fulton,  Glasgow— Mandrils  for  rollers,  used  for  printing 

1851  John  and  James  M.  Murphy,  Cork— Staining  woods 

1852  William  P.  Bayliss,  Lambeth— Locomotion  of  trains 

1853  Stephens  Tripp,  Strand— Securing  envelopes 

1554  George  Clark,  Napier  Street — Drawing  instrument.— A  com. 

1555  Andrew  E.  Molin,  Sweden— Separating  gold  from  ores 

1856  A.  de  Metz,  Newington,  and  T.  W.  Fry,  Clapton— Railway  signals 

15(4  July,  1865. 

1857  Richard  V.  Tuson,  Camden  Town— Preservation  of  foods  for  animals 

1858  Samuel  Hingley,  Dudley—  Making  skelps  for  iron  tubes 

1859  William  Hughes,  Manchester — Presses.— A  com. 

1860  John  C.  Walker,  United  States— Springs  for  railroad  carriages 
1S61  William  R.  Lake,  Chancery  Lane— Flexible  gas  tubing. — A  com. 
1862  Anson  H.  Piatt,  United  States. — Lamps 

\llk  July,  1865. 
Stephen  Dummere,  Hampstead— Mattress 
Richard  A.  Brooman,  Fleet  Street- Pumps. — A  com, 

1814  July,  1865. 
Joshua  Thornton,  Cleckheaton  -Straightening  wool 
John  P.  B.  Le  Patourel,  Calcutta— Ventilators 
James  Armitage,  Bury— Drills  for  sowing  seeds 

J.  P.  Wint,  Kensington— Instruments  used  in  cutting  the  soles  of  bonts 
Andrew  Barclay,  Kilmarnock — Steam  boilers 
Timothy  W,  Wood,  Newark-upon-Trent— Sluices 
William  A.  Richards,  Holloway— Pouch  for  holding  tobacco 

19(4  July,  1865. 

J.  B.  'Whitehall,  and  T.  Pillings,  Nottingham— Cleaners  for  winding  s  Ik 

Henry  A.  Piatt,  United  States — Paper  ornamented  with  water  colours 

Johann  E.  F.  Liidekc,  Islington — Motive  power  by  capillary  attraction 

T.  and  H.  Metcalf,  and  T.  Clayton,  Manchester— Cooling  liquids 

Mark  Knowles,  Blackburn — Looms  for  weaving 

Donald  M'Cruinmen,  Gourock — Preparing  sea-weeds 

Constantino  Henderson,  Westminster — Connecting  rails 

Charles  Nicholas,  Cheltenham — Water-closets 

Joseph  G.  Rowe,  Westminster — Signal  apparatus 

11.  E.  Grilles,  Old  Broad  Street— Producing  fibres  suitable  for  being  spun  from  r-g- 

David  Caddick,  Ebbw  Vale — Working  of  furnaces  for  puddling 

William  Edwards,  Birmingham— Protecting  crinoline  steel 

George  Nimmo,  United  States — Crucibles 

George  Nimmo,  United  States— Uniting  iron  and  copper  to  form  compound  mcta'lic 

castings 
James  Miles,  Hampstead — Vermin  traps 
Thomas  H.  Ince,  Westminster — Shoeing  horses 

20(4  July,  1SG5. 
Charles  Rosson,  Birmingham — Breech-loading  guns 
William  Tranter,  Birmingham— Fire-arms 
Cortland  II.  Simpson,  Bexhill — Propelling  vessels 
Henry  A.  Clum,  United  States— Atmospheric  changes 
Thomas  Swinburne,  Gray's  Inn— Mechanism  foi  propelling  purposes 
Richard  C.  Bristol,  United  States — Slide  valves 
William  La  Penotierc,  Strand — Fire-arms 

Ralph  Smyth,  Hastings,  and  Wardle  E.  Evans,  Market  Place— Harmoniums 
Alfred  V,  Newton,  Chancery  Lane— Envelope  machines. — A  com. 
Morgan  L.  Parry,  St.  Paul's  Churchyard— Steam  engines 
John  H.  Wray,  Manchester— Signals.— A  com. 

21s(  July,  1865. 
Saint  John  Vincent  Day,  Glasgow — Propulsion  of  ships. — A  com. 
l.ouis  A.  M.  Chanlin,  Paris — Rendering  wood  incombustible 

George  Taylor,  Heywood,  and  Joseph  Crossley,  Bury— Rollers  for  spinning  cotton 
James  Walton,  Willenhall — Locks 

Richard  M.  Wanzer,  Cheapside— Sewing  machines. — A  com. 
Alfred  Smith,  Hackney — Sewing  machines 

Jean  II.  Chaudet,  Rouen,  Rue  des  Emmnrecs — Dyeing  textile  substances 
Edward  Sehaub,  Manchester— Dressing  yarns. — A  com. 
Charles  Gardner,  Dover— Cleaning  windows 
James  W.  Roberton,  Edinburgh — Cap  made  of  paper 
W.  S.  Yates,  Leeds,  and  A.  Freeman,  Manchester— Folding  fabrics  on  to  card  boards 

22nd  July,  1865. 
Edmund  Perre,  Manchester — Motive  power 
William  Diaper,  Finsbury — Safes 

George  Wilson  and  James  Goodfellow,  Glasgow — Sofas 
William  E.  Newton,  Chancery  Lane — Steam  engine,. — A  com. 
Joseph  P.  Gillard,  Paris— Carbonate  of  soda 
.Matthew  P.  W.  Boulton,  Tew  Park — Motive  power 
Samuel  Boyd,  London— Cotton  press 
William  Wapshare,  Salisbury— Cooking 
William  E.  Gedge,  Strand — Windmill  for  raising  water, — A  com. 

24(4  July,  1865. 
John  M.  Croft,  St.  John's  Wood— Steering  ships 
Herbert  W.  Hart,  Strand— Metal  pins 

Richard  A.  Brooman,  Fleet  Street — Facilitating  operations  in  the  throat. — A  com 
James  Leetch,  Oxford  Street — Article  of  dress  worn  by  ladies 

25(4  July,  1865. 
Max  B.  Schumann.  Manchester — Portable  chamber 
John  Rigg,  Crewe — Railway  carriages 

Louis  Petre  and  Edward  8.  Tucker,  Stamford  Street— Ornamental  tables 
Thomas  J.  Mayall,  United  States— Military  outfits 
Martyn  J.  Roberts,  Pendarren — Producing  friction 
Wladislaus  Zbyszewski.  of  Greenock— Generating  steam 

John  Juckes,  Bow,  and  John  Swinburne.  City  Road — Locomotive  boiler  furnaces 
Henry  Wright,  Court  Road— Shank  for  buttons 
John  H.  Johnson,  Middlesex — Lacing  boots. — A  com. 
John  H.Johnson,  Middlesex — Cleansing  wool. — A  com. 
Astley  P.  Price,  Middlesex — Carbonate  of  ammonia. — A  com. 

26(4  July,  1865. 
Michael  Kenney,  Dublin — Opening  bridges 
Thomas  Spencer,  Euston  Square — Preparation  of  soils 
William  and  Joseph  Richards,  Oldhury — Sal-ammoniac 
Jules  Bclicard,  Paris— Velvets 

George  T.  Bousfield,  Brixton— Burning  combustible  liquids. — A  com. 
Edward  Spicer,  lllackfiiars — Compositions  for  blastiug. — A  com. 
Samuel  Lusty.  Walworth — Fluid  meters 

Alfred  V.  Newton,  Chancery  Lane — Sewing  machinery. — A  com. 
William  E.  Newion,  Chancery  Lane — Planing  metals. — A  com. 
F.  Pulman,  Westminster,  and  R.  Ginman,  Woolwich— Coating  ships'  bottoms 
William  Barton,  Boston — Cooking  stoves 

J.  Jacques,  S.  Wenk,  and  A.  A.  Mathieu,  Paris — Preventing  accidents  on  railway: 
Tobiah  Pepper,  Newington  Green — Anti-flammable  starch 
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sectional  elevation  of  this  engine,  b  is  an  internal  reservoir  containing 
liquefied  ammonia ;  it  is  introduced  in  this  state  into  the  reservoir  by 
means  of  the  cock,  d,  its  liquefaction  having  been  previously  effected  in 
a  special  factory,  which  we  have  no  need  to  describe  here,  but  which 
is  supposed  to  be  furnished  with  the  necessary  means  of  compression. 

At  the  temperature  of  77°  Fah.  ammonia  becomes  liquid  when  forced 
under  a  pressure  of  ten  atmospheres ;  consequently  its  vapour  occupj'- 
ing  the  upper  portion  of  the  reservoir,  b,  has  the  same  tension. 

If,  now,  we  open  the  cock,  d,  it  is  plain  that  the  vapour  will  escape 
and  enter  the  cylinder,  A  (or  any  other  known  motor),  and  produce 
effects  continuing  as  long  as  there  is  any  liquid,  if  the  caloric  be 
supplied  as  fast  as  it  is  absorbed  by  the  expansion  of  the  gas.     If  the 


vapour  were  that  of  water  or  compressed  air,  it  could  be  permitted  to 
escape  directly  into  the  air;  but  regard  must  be  had  to  the  value  of  the 
ammonia,  and  also  to  restore  the  latent  heat  absorbed  by  the  dilatation. 
To  effect  these  purposes  the  following  contrivance  has  been  adopted: — 
The  escape  pipe  of  the  vapour  is  prolonged  by  means  of  the  tube,  e,  in 
the  interior  of  a  vessel,  n,  partly  filled  with  water,  to  about  two-thirds 
of  its  capacity,  at  the  ordinary  temperature,  into  which  the  gas  i.^  dis- 
charged freely.  By  virtue  of  the  large  absorption  of  ammoniacal  gas 
by  water,  there  will  be  an  instant  combination  as  soon  as  the  vapours 
of  the  first  enter  into  the  latter ;  this  union  can,  however,  only  take 
place  on  one  condition,  that  the  latent  heat  and  also  the  caloric  of  com- 
bination shall  he  parted  with  and  communicated  to  the  water.  If, 
third  SERIES. — vol..  I. 


therefore,  we  only  take  notice  of  this  one  action,  it  will  be  manifest 
that  at  each  stroke  of  the  piston,  or  at  each  development  of  vapour  in 
b  and  dissolution  in  d,  the  heat  absorbed  by  the  former  will  be  com- 
municated to  the  latter.  A  coil  tube,  H,  communicating  at  the  top 
and  bottom  with  the  recipient  b,  facilitates  the  rapid  transmission  of 
heat  between  the  inner  and  outer  vessels.  A  pump,  g,  of  very  simple 
construction,  since  it  has  no  resistance  to  its  action  but  the  liquid 
column  in  the  coil  tube,  is  set  in  motion  by  the  prolongation  of  the 
piston  rod.  At  each  stroke  it  drives  a  certain  quantity  of  liquid 
ammonia  through  the  coil,  which  the  reader  will  observe  is  plunged 
in  the  water  vessel,  d.  To  maintain  the  action  of  the  machine  liquid 
ammonia  is  introduced  by  the  feed  cock,  d,  while  on  the  other  hand 
the  water  can  be  discharged  from  d,  when  it  becomes  too  much  charged 
with  the  alkali,  and  fresh  water  supplied.  The  saturated  solution  can 
be  utilized  either  as  manure,  by  fixing  in  the  ordinary  way,  or  by  fur- 
nishing ammonia  for  the  supply  of  the  engine.  It  is  to  be  remarked 
that  ammoniacal  gas  is  of  0596  specific  gravity,  air  being  unity;  or,  a 
litre  (01  cubic  inches)  weighs  0'77G  grammes,  whereas  a  litre  of  liquid 
ammonia  weigh  7G0  grammes  :  consequently  a  cubic  metre  of  gas 
(1000  litres)  is  contained,  very  nearly,  in  a  litre  of  the  liquid.  To 
obtain  the  same  quantity  of  compressed  atmospheric  air  at  the  same 
pressure,  viz.,  ten  atmospheres  or  147  lbs  per  square  inch,  it  would  bo 
necessary  to  have  a  vessel  capable  of  holding  100  times  as  much  as 
the  space  occupied  by  liquid  ammonia. 


THE    STEAM   FIRE-ENGINE   COMPETITION   AT   THE 
COLOGNE  INTERNATIONAL   EXHIBITION. 

This  Exhibition  was  opened  on  the  1st  June  last,  and  was  kept  open 
for  a  month.  It  consisted  chiefly  of  agricultural  implements,  portable 
steam  engines,  centrifugal  pumps,  fire-engines,  &c.  In  addition  to  the 
ordinary  medals  awarded,  there  were  three  special  prizes  offered,  viz., 
one  of  150  Freidrich's  d'or  for  the  best  steam  plough,  wdiich  was 
awarded  to  Messrs.  John  Fowler  &  Co.,  of  Leeds;  one  of  500  dialers 
for  the  best  traction  engine  or  street  locomotive,  also  awarded  to 
[Messrs.  Fowler ;  and  one  of  500  thalers  (£75)  for  the  best  steam  fire- 
engine,  awarded  to  Messrs.  Merryweather  &  Sons,  of  London. 

The  competitive  trials  of  the  steam  fire-engines  took  place  on  the 
Gth  June,  at  a  distance  of  about  three  miles  from  Cologne,  on  the  banks 
of  the  Rhine  opposite  "Mulheim.  A  stage  was  erected  on  which  there 
was  a  polo,  the  top  being  about  120  feet  from  the  ground;  at  a  height  of 
50  feet  was  placed  a  water  target,  similar  to  those  used  at  the  Crystal 
Palace  trials  in  1863,  into  which  the  water  was  projected  which  issued 
from  the  nozzle  of  the  engine  at  work ;  the  branch-pipe  or  nozzle  of 
each  engine  was  in  the  first  experiment  placed  at  a  horizontal  distance 
of  40  feet,  and  in  the  second  experiment  at  a  horizontal  distance  of  60 
feet,  from  a  vertical  line  with  the  water  target :  a  large  canvas  pipe  con- 
veyed the  water  received  into  a  gauge  tank  holding  2470  gallons. 

As  there  was  but  one  water  target,  the  engines  played  one  at  a  time 
in  succession,  the  order  of  which  was  determined  by  drawing  lots.  We 
give  a  short  description  of  each  engine,  taking  them  in  the  order  in 
which  they  were  worked.  The  first  to  work,  according  to  the  lots 
drawn,  was  an  American  engine,  the  "  Victoria,"  exhibited  by  Messrs. 
Wirth  &  Co.,  of  Frankfort-on-the-Maine.  It  was  made  by  the  Amoskeag 
Company  in  the  United  States,  and  was  the  same  engine  that  was 
entered  by  Butt  &  Co.,  and  competed  in  the  large  class  at  the  Crystal 
Palace  trials  in  1863.  It  has  one  vertical  steam  cylinder  10^  inches 
diameter  over  a  double-acting  pump  of  6  inches  diameter,  the  pistons 
having  12  inches  stroke;  between  steam  cylinder  and  pump  is  a  slotted 
cross  head  giving  motion  to  a  crank  and  fly-wheel. 

Next  in  order  for  working  was  a  German  engine  made  by  Messrs. 
Moltrecht  &  Co.,  of  Hamburg.  This  engine  weighed  3487  lbs.;  its  boiler 
and  arrangement  of  steam  valve,  &c,  is  almost  an  exact,  but  certainly 
an  imperfect  copy,  of  those  parts  in  Merryweather's  steam  fire-engine 
"  Torrent."  Its  delivery  and  suction  air-vessels  were  attached  at  right 
angles  to  the  vertical  boiler,  so  that  they  laid  horizontally  and  formed  a 
bed-plate  for  the  steam  cylinder  and  pumps,  as  in  the  "  old  style  "  of 
Amoskeag  engines.  Although  this  engine  raised  steam  and  got  to  work 
quicker  than  any  engine  except  Merryweather's,  it  was  unable  to 
maintain  its  steam;  the  jet  thrown  by  it  was  small  and  did  not  effectu- 
ally reach  the  water  target,  so  that  the  jury  have  omitted  all  mention 
of  it  in  the  official  report. 
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The  engine  of  Messrs.  Shand,  Mason,  &  Co.,  was  next  tried.  It  was 
one  of  their  large-size  vertical  engines,  of  similar  construction  to  that 
exhibited  by  these  makers  at  the  Crystal  Palace  trials  in  18G3.  The 
steam  cylinder,  which  is  10  inches  diameter,  is  placed  vertically  over  a 
bucket  and  plunger  pump,  the  plunger  of  which  is  9  inches  diameter, 
the  stroke  of  pistons  10  inches,  governed  by  a  crank  and  fly-wheel ; 
motion  being  given  to  the  crank  by  a  connecting  rod  from  the  bottom 
of  the  hollow  plunger. 

Messrs.  Merryweather  &  Sons'  engine  (an  engraving  of  which  we 
annex),  which  took  the  first  prize  of  500  thalers,  was  the  last  in  order 
of  working.  This  engine,  which  is  on  the  makers'  "  single-cylinder  " 
principle,  is  a  medium  size  in  the  light  class,  and  was  part  of  an  order 


being  executed  by  them  for  the  Spanish  government.  It  has  one  steam 
cylinder  of  8  inches  diameter,  and  one  double-acting  pump  of  5}  inches 
diameter,  both  fixed  horizontally  on  the  framing  of  the  engine,  with  18 
inches  stroke  of  pistons;  the  piston  rod  being  in  one  piece,  the  steam 
piston  attached  at  one  end,  and  the  water  piston  at  the  other  end. 
Motion  is  given  to  the  slide  valve  direct  by  an  arm  attached  to  the 
piston  rod  traversing  on  a  twisted  b.ir,  so  causing  it  to  oscillate  with 
the  movement  of  the  pistons  to  and  fro.  Two  small  levers  connected 
with  the  slide  valve  are  fixed  at  one  end  of  the  oscillating  bar.  The 
boiler,  pump,  framing,  and  general  arrangement  of  this  engine  is  of  the 
same  construction  as  in  the  "Sutherland"  steam  fire-engine  by  these 
makers,  which  gained  the  first  prize  at  the  Crystal  Palace  trials  of  1863. 
Doubtless  the  success  of  Merryweather's  engine  at  the  Cologne  Exhibi- 
tion trials  is  due  to  the  principles  embodied  in  their  engines,  which 
we  described  in  our  report  of  the  Crystal  Palace  competition,  viz.,  that 
they  use  a  pump  with  large  and  easy  water  passages  and  valves,  work- 
ing it  at  but  a  moderate  speed,  so  allowing  time  for  the  water  to  issue 
in  a  collected  form.  The  extraordinary  rapidity  with  which  this  engine 
raised  steam  is  certainly  remarkable. 

The  maximum  steam  pressure  used  in  each  engine  was  120  lbs.  per 
square  inch;  Messrs.  Merryweather  starting  with  100  lbs.,  Messrs. 
Shand,  Mason,  &  Co.,  with  GO  lbs.,  and  Messrs.  Wirth  &  Co.,  with  60 
lbs.  steam  pressure. 

The  Jurors  were :— Dr.  Ruhlmann,  Professor,  of  Hanover.  Herb 
Wottitz,  Engineer,  of  Vienna.  Dr.  Goldstein,  General  Director, 
of  Neyenthal.  Dr.  IIartstein,  Government  Counsellor,  and  Director 
of  the  Agricultural  Exhibition  at  Popplesdorf.  IIerr  PERUELS,  En- 
gineer, of  Berlin. 

AVc  subjoin  the  official  report : — 
(Copy  of  the  official  report  concerning  the  decision  of  the  jury  at  the 

trial  of  Steam  Fire-Engines  held  at  Cologne.) 

The  undersigned,  when  judging  of  the  Steam  Fire-Engines,  paid 
attentiou  chiefly  to  the  following  points. 

1.  The  time  required  for  getting  sufficient  steam  to  work  the  engines. 


2.  The  quantity  of  water  in  general,  and  especially  its  density,  in 

proportion  to  the  distance  over  which  the  water  was  thrown. 

3.  The  height  of  the  stream. 

4.  The  general  construction  of  the  engines,  and  especially  their  dura- 

bility and  steadiness  while  being  worked. 

5.  The  weight,  from  which  to  draw  conclusions  as  to  their  trans- 

portability. 
As  regards  the  getting  of  steam  for  working  the  engines,  the  engine 
of  Messrs.  Merryweather  and  Sons,  of  London,  effected  this  in  7  minutes 
28  seconds;  that  of  Messrs.  Shand,  Mason,  and  Co.,  of  London,  in 
11  minutes  28  seconds  ;  and  that  of  Messrs.  Wirth  and  Co.,  of  Frank- 
fort-on-tho-Maine,  in  16£  minutes. 

At  a  distance  of  forty  feet  the  largest  quantity 
of  water  was  thrown  by  the  engine  of  Messrs. 
Shand,  Mason,  and  Co.;  the  second  in  this 
respect  were  Messrs.  Wirth  and  Co. ;  whilst  as 
regards  the  compactness  of  the  stream,  the  latter 
decidedly  took  the  first  place,  and  Messrs.  Shand, 
Mason,  and  Co.,  were  second  in  this  respect. 

At  a  distance  of  sixty  feet  Messrs.  AVirth  and 
Co.  took  the  first  place,  and  Messrs.  Merryweather 
and  Sons  the  second  place. 

As,  however,  the  dimensions  and  working 
power  of  the  engines  are  taken  into  consideration, 
then  Messrs.  Merryweather  and  Sons  are  fairly 
entitled  to  the  first  place ;  there  is  also  to  men- 
lion  that  the  engine  of  Messrs.  Wirth  and  Co.  was 
worked  during  a  wind  more  favourable  than  that 
under  which  the  other  two  had  to  stand  the  trial. 
Concerning  the  height  of  the  streams,  the 
engine  of  Messrs.  AVirth  and  Co.  was  first,  even 
if  full  consideration  is  given  to  the  unfavourable 
wind  which  the  other  two  engines  had  to  work 
against. 

All  practical  questions  as  regards  the  construc- 
tion of  steam  fire-engines  have  not  yet  been 
decided.  All  three  engines  are  of  solid  work- 
manship, and  fully  warrant,  during  the  usual 
duration  of  working  time,  as  regards  steadiness, 
every  advantage  that  could  be  wished  for. 

The  weights  of  the  engines  are  as  follows — namely  :  Messrs.  Merry- 
weather and  Sons,  38131bs.;  Messrs!  Shand,  Mason,  and  Co.,  61281bs.; 
Messrs.  AVirth  and  Co.,  58331bs. 

Considering  the  short  space  of  time  in  which  Messrs.  Merryweather 
and  Sons'  engine  commenced  working  after  the  time  of  lighting  the  fire, 
and  considering  the  proportionately  equal  results  in  other  respects,  and 
further,  in  consideration  of  the  strikingly  light  weight  of  this  engine,  the 
undersigned  declare  that  they  have  awarded  to  the  steam  fire-engine  of 
Merryweather  and  Sons,  of  London, 

I.  Stand — 247. 
The  special  (ausgesetzte)  money  prize  of  500  thalers ;  and 
A  Gold  Medal  to  the  steam  fire-engine  of  Messrs.   Shand, 


Mason, 


and  Co.,  of  London. 


I.  Stand— 248. 


And  a  Silver  Medal,  granted  by  the  Ministry,  to  the  steam  fire-engine 
of  Messrs.  Wirth  and  Co.,  of  Frankfort-on-the-Maine. 

I.  Stand — 156, 
Cologne,  June  20th,  1865. 

(Signed)  M.  Goldstein. 

Agreed. 
(Signed)  T.  AVottitz. 

the  same 
(Signed)  Ruiilmanx. 


BROAVN'S  ROTATORY  STEAM  GENERATOR. 

Illustrated  ly  Plate  9. 

The  ingenious  rotatory  steam  generator  which  forms  the  subject  of  our 
copper-plate  engraving  this  month  is  the  invention  of  Mr.  Henry  Brown, 
engineer  of  the  Emelianofka  Foundry,  St.  Petersburg,  and  has  recently 
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been  patented  in  tins  country.  The  main  object  Mr.  Brown  aims  at  is 
die  augmenting  of  the  heating  surface,  economizing  fuel,  and  superheating 
or  drying  of  the  steam.  In  this  boiler  no  stays  are  required,  as  from 
the  peculiarity  of  its  construction  it  forms  its  own  stays,  and  is  perhaps 
the  strongest  shape  that  can  be  given  to  a  boiler,  whilst  it  occupies  a 
small  space  in  comparison  with  boilers  of  other  constructions  and  of 
equal  power. 

Fig.  1  of  the  engraving  represents  a  longitudinal  vertical  section  of 
the  boiler ;  fig.  2  is  front  and  elevation  of  the  same ;  and  fig.  3  is  a 
vertical  transverse  section  thereof. 

The  boiler,  a,  is  of  a  cylindrical  form,  with  spherical  ends.  It  is 
inclosed  in  a  metal  casing,  B,  which  is  lined  with  fire-bricks  at  the 
bottom  part  of  the  casing,  and  under  the  boilers  are  placed  two  furnaces, 
the  furnace  doors,  c  c  (of  which  there  are  four),  are  placed  on  one  side 
of  the  casing.  Between  the  boiler  and  the  brick  casing  there  is  left  a 
space  for  enabling  the  flames  and  heat  from  the  furnaces  to  play  entirely 
round  the  boiler. 

The  boiler  is  hung  on  two  cast-iron  hollow  necks,  d  d,  each  neck 
having  a  ring,  E,  keyed  on  to  it,  and  turned  true,  and  on  these  rings  the 
boiler  revolves.  The  rings,  e  e,  work  in  chairs,  f  f,  which  rest  on 
brackets,  G  g,  fastened  to  each  end  of  the  outer  casing,  b.  The  ring,  e, 
at  the  end  by  which  the  boiler  is  rotated  has  a  toothed  rim,  e1,  cast  on 
it  which  projects  beyond  the  chair.  Into  this  tooth  rim  or  worm  wheel 
an  endless  screw,  f1,  works,  the  shaft  of  which  is  supported  in  bearings 
attached  to  the  upper  gland  of  the  chair ;  this  shaft  is  to  be  driven  by 
a  small  engine  that  is  required  for  feeding  the  boiler. 

Through  one  of  the  necks,  D,  passes  a  tube,  h,  which  forms  the  flue 
by  which  the  smoke  passes  off  to  the  chimney,  I.  In  the  neck  at  the 
opposite  end  of  the  boiler  is  placed  the  steam  pipe,  j,  which  passes 
through  a  stuffing  box  in  the  neck.  That  part  of  the  pipe  which  passes 
through*  the  stuffing  box  is  enlarged,  and  the  steam  channel  placed 
eccentrically  in  it,  so  as  to  leave  room  for  placing  the  feed  pipe,  K,  under 
the  steam  pipe  (see  figs.  1  and  2).  Inside  the  boiler  the  steam  pipe  is 
carried  up  towards  the  top,  and  the  feed  pipe  towards  the  bottom  of 
the  boiler. 

Through  the  centre  of  the  steam  pipe,  and  through  a  stuffing-box  is 
passed  a  small  rod,  a,  fitted  with  a  lever,  b,  on  the  end  inside  the  boiler, 
to  which  is  attached  a  hollow  metal  float,  c,  resting  on  the  surface  of  the 
water  in  the  boiler.  To  the  other  end  of  the  rod  outside  the  boiler  is  fitted 
a  lever,  d,  with  pointer  and  index,  e.  As  the  water  in  the  boiler  rises  or 
falls  so  will  the  float,  and  therefore  the  position  of  the  handle  outside 
will  show  the  height  of  water  in  the  boiler.  Should  the  rod  stick  or 
work  tight  in  the  stuffing-box,  by  turning  the  handle,  d,  the  float  will 
be  pressed  into  the  water  so  that  the  attendant  can  feel  the  surface  of  it 
in  the  boiler.  To  the  end  of  the  steam  pipe  outside  the  boiler  is  fitted 
a  vertical  pipe,  l,  which  has  in  the  middle  of  its  length  an  eye,  I,  ac- 
curately bored  out  to  fit  the  turned  end  of  the  steam  pipe,  j.  The  metal 
of  the  eye  is  cut  through  or  split  on  one  side  as  shown  at  m,  fig.  2, 
and  the  eye  of  the  vertical  pipe,  l,  is  slipped  on  to  the  steam  pipe,  j, 
two  cramps  or  clips  being  placed  on  the  eye  of  the  vertical  pipe,  l, 
which  are  screwed  up  by  four  bolts,  by  which  the  steam  pipe,  j,  is 
clipped  fast.  The  lower  end  of  the  vertical  pipe,  l,  is  bolted  to  a 
flange  projecting  from  the  chair,  f,  above  referred  to,  and  keeps  the 
steam  pipe,  J,  from  turning  round  as  the  boiler  revolves.  An  aperture 
is  made  in  the  steam  pipe,  J,  to  correspond  with  the  aperture  in  the 
vertical  pipe,  l,  for  the  steam  to  pass.  On  the  top  end  of  the  vertical 
pipe,  l,  are  placed  two  safety  valves,  m  m,  and  a  neck,  n,  is  provided,  to 
which  a  pipe  is  to  be  fitted  for  carrying  the  steam  to  the  engine.  On 
the  vertical  pipe,  l,  the  steam  pressure  gauges  can  be  fitted.  The  top 
and  bottom  parts  of  the  chairs,  f,  in  which  the  boiler  revolves  have  a 
flange  cast  on  them,  which  is  bolted  to  the  casing  to  prevent  any  cold 
air  entering  through  the  space  that  is  left  round  the  necks,  d,  on  the 
boiler.  The  chairs  are  cast  hollow,  and  water  flows  through  them  by 
means  of  the  pipes,  d'  d\  to  keep  them  cool.  At  the  smoke  end  of  the 
boiler,  between  the  chair  and  the  chimney,  is  placed  a  damper,  o,  the 
frame  of  which  is  fastened  both  to  the  chimney  and  chair. 

The  top  of  the  outside  casing  has  several  openings,  p  p,  which  are 
closed  by  caps  hung  by  levers  to  a  shaft,  R,  which  runs  along  the  top  of 
the  casing,  supported  by  brackets  fastened  to  the  casing.  One  of  the 
levers  is  made  with  a  long  arm  to  which  is  hung  a  chain  or  rod,  by  which 
the  caps  are  lifted  off  the  openings.  The  use  of  these  openings  is  to  pre- 
vent the  top  part  of  the  boiler  being  overheated,  should  the  revolution  of 
the  boiler  be  arrested  for  a  time.     By  lifting  the  caps  cold  air  will  rush 


on  to  the  top  part  of  the  boiler  and  cool  it  down ;  it  will  also  check  the 
draft  of  the  chimney,  and  damp  the  fire  on  the  grate.  When  the  boiler 
is  at  work  the  openings  arc  closed,  the  caps  being  made  tight  by  means 
of  a  sand  joint.  The  top  part  of  the  casing  takes  off  from  the  lower 
part,  should  the  boiler  require  to  bo  examined ;  there  buiug  an  angle 
iron  frame  round  the  two  halves  of  the  casing,  by  which  they  are 
screwed  together. 

The  inside  of  the  cylindrical  part  of  the  boiler  throughout  the  greater 
portion  of  its  length  is  divided  into  compartments  by  radial  plates  bent 
into  a  U-shape.  Of  these  divisions  there  may  be  any  number,  in 
the  drawing  seven  of  them  are  shown.  The  U-shaped  plates  are  placed 
radially  inside  the  shell,  and  between  each  arm  of  the  U  is  left  a  small 
space,  k,  h,  h.  The  shell  of  the  boiler  is  cut  through  to  correspond  with 
these  spaces,  7i,  which  form  slots  running  the  length  of  the  cylindrical 
part  of  the  boiler.  The  lower  part  of  the  U-bent  plates  where  they 
meet  together  forms  a  hollow  space  in  the  centre  of  the  boiler ;  this  and 
the  small  spaces,  h,  above  referred  to,  constitute  the  flues  of  the  boiler, 
by  which  the  smoke  passes  off  to  the  chimney. 

The  upper  arms  of  the  U  -plates  and  their  ends  are  flanged,  the 
flanges  of  the  arms  are  rivetted  to  the  outside  shell  of  the  boiler,  and  the 
end  flanges  have  plates  rivetted  to  them,  which  close  up  the  small 
narrow  spaces,  h,  between  the  arms  of  the  U -plates. 

The  hollow  part  in  the  centre  of  the  boiler  is  closed  at  one  end  by  a 
plate,  and  opens  at  the  other  end  by  the  tube,  u,  into  the  chimney. 
The  flat  surfaces  of  the  U-bent  plates  are  sunk  into  cups,  g  g,  of  which 
there  are  two  on  the  radial  and  five  on  the  longitudinal  length  of  the 
plate.  These  cups  are  sunk  to  a  depth  equal  to  half  the  space,  h, 
between  the  plates  which  form  the  radial  flues.  Thus  when  the  plates  are 
all  fitted  together  in  their  places,  the  bottom  of  one  cup  rests  on  the  in- 
verted bottom  of  the  one  opposite,  the  cup  so  placed  serving  instead  of 
stays  to  support  the  pressure  of  the  steam.  The  spaces,  i  i,  between  the 
radial  divisions  are  occupied  by  steam  and  water,  the  level  of  which 
latter  should  not  be  higher  than  the  centre  of  the  boiler,  but  may  bo 
lower. 

The  ends  of  the  U  -plates  being  flanged,  as  they  dip  and  rise  out  of 
the  water  they  will  retain  a  quantity  of  water  equal  to  the  depth  of  the 
flange.  As  the  plates  rise  into  the  vertical  position,  this  water  will  run 
off  one  plate  on  to  the  opposite  one.  This  will  prevent  the  plates  being 
burnt  whilst  they  are  out  of  the  water,  and  the  water  on  these  plates 
will  be  flashed  into  steam,  which  coming  in  contact  with  the  heated 
plates  will  become  dried  and  superheated. 
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RECENT      PATENTS. 


TREATMENT  OF  YARNS. 

J.  Henry  Johnson,  London  and  Glasgow. — Communicated  by  Leon 
Jarosson,  Paris. — Pedant  dated  November  8,  1804. 

Tins  invention  relates  to  a  novel  system  or  mode  of  apparatus  for 
washing  and  bleaching  yarns  or  threads,  and  textile  fabrics  composed  of 
flax,  hemp,  or  cotton,  whereby  a  considerable  economy  in  time,  labour,  and 
materials  employed  is  effected.  According  to  this  invention  the  thread 
or  textile  fabric  to  be  washed  and  bleached  is  first  impregnated  with  an 
alkaline  solution,  such  for  example  as  salt  of  soda,  or  potash,  or  caustic 
soda,  of  a  strength  varying  from  one  to  five  degrees  by  the  hydrometer, 
according  to  the  nature  of  the  threador  fabric.  After  being  allowed  to  drain, 
the  materials  are  to  be  suspended  from  bars  or  rollers  inside  a  close  vessel, 
provided  with  a  tight-fitting  lid  or  cover  and  safety  valve,  care  being 
taken  to  suspend  the  materials  closely  together,  so  as  to  fill  up  the 
vessel.  Having  closed  the  lid  or  cover  tightly,  steam  is  introduced  into 
the  vessel  through  a  perforated  pipe  underneath  a  false  bottom,  the 
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materials  being  left  to  the  action  of  the  steam  at  a  pressure  of  from 
one  to  two  atmospheres,  for  a  period  varying  from  one  to  two  hours. 
On  the  completion  of  this  steaming  process  the  goods  are  removed' 
rinsed,  and  subjected  to  the  action  of  chloride  and  acids,  as  in  the  usual 
mode  of  treatment.  In  order  to  remove  the  gummy  foreign  matter  from 
flax  thread  or  yarn  before  washing  it  with  fabrics,  it  is  simply  requisite 
to  subject  it  to  the  action  of  steam  for  about  an  hour  in  the  closed  vessel 
above  referred  to,  when  the  thread  or  yarn  will  be  found  to  be  round, 
brilliant  and  firm,  &c.  Referring  to  the  annexed  engraving,  which  repre- 
sents a  sectional  elevation  of  the  general  arrangement  of  apparatus 
employed,  and  the  mode  of  using  the  same  in  carrying  out  the  said  inven- 
tion, a,  is  a  large  sheet  metal  vessel  or  receiver  provided  with  a  hinged  lid 
or  cover,  tightly  closed  by  means  of  screws,  a.  Any  other  convenient 
form  of  receiver  may  be  employed,  and  it  maybe  made  of  wood,  stone,  or 
copper.  The  fabrics  or  yarns  of  cotton  or  flax  are  simply  impregnated 
with  an  alkaline  solution,  such  for  example  as  a  solution  of  salt  of  soda, 


or  of  potash,  or  of  caustic  soda,  varying  from  one  to  five  degrees  by  the 
hydrometer,  according  to  the  nature  of  the  particular  materials  operated 
upon.  When  the  materials  are  well  moistened,  and  have  been  allowed 
to  drain,  they  are  suspended  inside  the  receiver,  a,  as  shown  in  the 
drawing,  from  rollers,  E,  placed  close  together  so  as  to  leave  as  little 
vacant  space  as  possible  inside  the  receiver.  The  cover  is  now 
closed  perfectly  tight  by  means  of  the  screws,  a,  and  the  cock,  b,  for  the 
introduction  of  the  steam  by  the  pipe,  b,  is  opened.  The  steam  enters 
by  the  perforated  portion,  c,  of  this  pipe,  situate  beneath  the  wooden 
false  bottom,  d,  of  the  receiver,  and  is  kept  turned  on  for  the  space 
of  from  one  to  two  hours,  pressure  being  maintained  inside  the  receiver 
during  that  period  equal  to  from  one  to  two  atmospheres.  When  the 
steaming  process  is  completed  it  is  simply  requisite  to  remove  the  goods 
from  the  receiver,  to  rinse  them  well,  and  then  to  subject  them  to  the 
well  known  treatment  of  chlorides  and  of  acids  for  the  purpose  of 
bleaching  them.  A  safety  valve,  G,  is  fitted  to  the  lid  or  cover  of  the 
apparatus  to  prevent  any  danger  of  the  pressure  becoming  increased 
beyond  the  desired  amount,  and  a  discharge  cock,  h,  is  fitted  to  the 
bottom  of  the  receiver  for  the  purpose  of  running  off  the  water  of  con- 
densation collecting  therein. 


IMPROVEMENTS  IN  GATHERED  FABRICS. 

IIf.rbert  Taylor,  London. — Patent  dated  December  13,  18C4. 

This  invention  relates  to  the  production  of  ruffles,  frills,  and  gathered 
fabrics,  and  consists  in  so  making  such  articles  that  the  gathers  are 
held  in  place  by  a  thread  which  passes  through  the  cloth  necessarily 
and  invariably  between  the  gathers ;  the  gathers  resembling  curved 
corrugations  rather  than  more  sharply  defined  folds  or  plaits. 

These  gathers  may  be  produced  iu  an  ordinary  sewing  machine, 
and  stitched  either  with  a  single-thread  chain  stitch,  a  lock  stitch,  or 
double-thread  loop  stitch,  such  as  is  known  as  the  Grover  &  Baker 
stitch.  In  producing  these  gathers  in  a  sewing  machine,  the  feeding 
mechanism,  that  is  to  say,  that  portion  of  the  feeding  device  and  presser 
foot  which  takes  hold  of  and  feeds  the  cloth,  is  disposed  in  such  a  posi- 


Fig.  1. 


Fig.  3. 


tion  with  reference  to  the  stitching  apparatus  that  the  cloth  shall  be 
fed  just  past  the  needle  before  the  cloth  is  gathered,  and  left  free  beyond 
the  needle  from  the  pressure  of  the  foot,  so  that  it  can  be  gathered  by 
the  stitching  apparatus  whilst  in  the  act  of  drawing  up  the  loop  or 
forming  the  stitch.  For  this  purpose  an  additional  removable  presser 
foot  or  shoe  may  be  employed,  capable  of  being  placed  upon  the  ordi- 
nary presser  foot,  and  so  constructed  and  arranged  as  to  be  easily 
attached  to  or  detached  from  an  ordinary  sewing  machine,  so  that  when 
attached  it  renders  the  stitching  apparatus  capable  of  gathering  in  the 
manner  before  described,  and  when  detached  of  sewing  a  plain  seam 
in  ungathered  work.  Or  the  separate  foot  or  shoe  may  be  dispensed 
with,  and  a  special  presser  foot  provided,  having  the  shoe  or  part  which 
projects  downwards  from  the  underside  formed  thereon.  As  the  sole 
object  of  this  separate  shoe  or  of  the  projecting  part  of  the  presser  foot 
is  to  change  the  position  of  that  portion  of  the  feed  mechanism  which 
acts  directly  upon  or  feeds 
the  cloth,  in  its  relation  to 
the  position  of  the  stitching 
apparatus,  either  of  the 
foregoing  modifications  or 
other  equivalent  device  may 
be  employed.  The  fullness 
of  the  gathers  may  be  regu- 
lated either  by  changing  the 
tension  of  the  thread  or  the 
throw  of  the  feeder,  or  both 
if  desired. 

Fig.  1  represents  a  plan, 
partly  in  perspective,  show- 
ing the  upper  or  right  side 
of  the  gathered  work  as 
made  according  to  this  in- 
vention. Fig.  2  is  a  plan 
of  the  under  or  wrong  side 
of  the  work  on  a  rather 
larger  scale  than  fig.  1,  and 
fig.  3  is  a  diagram  edge 
view  of  the  gathered  work 
on  a  large  scale,  showing 
more  clearly  the  positions  of 
the  stitches  with  relation  to  the  gathers.  Although  these  views  illus- 
trate only  a  single-thread  chain,  or  what  is  known  as  a  tambour  stitch, 
the  inventors  wish  it  to  be  distinctly  understood  that  they  do  not  confine 
themselves  to  this  particular  stitch,  as  the  lock  stitch  or  the  double- 
thread  loop  stitch,  known  as  the  Grover  &  Baker  stitch,  may  be  used. 

It  will  be  seen  on  referring  to  these  figures  that  the  gathers  are  held 
in  place  by  a  thread,  which  invariably  passes  through  the  cloth  or 
fabric  between  the  gathers  ;  such  gathers  resembling  regular  curved 
corrugations  rather  than  more  sharply  defined  folds  or  plaits. 

Fig.  4  represents  a  side  elevation  of  the  instruments  to  be  employed 
in  producing  this  gathered  work,  which 
instruments  may  be  adapted  to  any  well 
known  or  other  convenient  sewing  machine. 
For  convenience,  we  will  suppose  the  stitch- 
ing to  be  produced  by  the  single-thread 
machine,  known  as  the  Willcox  &  Gibb's 
machine,  suitably  modified  for  the  purpose  ; 
that  is  to  say,  having  that  portion  of  the 
serrated  or  roughened  feeding  detail,  a  (fig. 
4),  and  presser  foot,  b,  which  unitedly 
take  hold  of  and  feed  the  cloth  along, 
disposed  in  such  a  position  with  reference  ' 
to  the  needle,  c,  that  the  cloth  shall  be  fed  just  past  the  needle, 
C,  before  it  is  gathered,  and  left  free  from  the  pressure  of  the  foot, 
b,  so  soon  as  it  passes  beyond  the  needle,  thus  leaving  it  at  liberty 
to  be  drawn  up  or  gathered  by  the  mere  action  of  the  stitching  appara- 
tus whilst  in  the  act  of  drawing  up  the  loop  or  tightening  the  stitch. 
To  accomplish  this  end,  an  additional  removable  presser  foot  or  shoe, 
d,  may  be  employed,  capable  of  being  easily  fitted  on  to  the  ordinary 
presser  foot,  b  ;  or,  if  preferred,  in  lieu  of  having  the  part,  d,  removable 
from  the  ordinary  presser  foot,  which  will  admit  of  ordinary  stitching 
being  formed  at  will,  it  may  be  formed  in  one  piece  with  a  special 
presser  foot. 
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ELASTIC  FABRICS. 
II.  L.  Hall.— Patent  dated  \lth  December,  1864. 
This  invention  relates  to  the  manufacture  of  elastic  fabrics  for  various 
purposes,  whereby  such  fabrics  are  rendered  non-extensible  in  one 
direction,  and  consists  in  combining  parallel  threads,  net  work,  or  other 
open  or  reticulated  fabrics  of  any  suitable  fibrous  material,  with  a 
sheet  or  sheets  of  india  rubber  placed  on  one  or  both  sides  of  the  fibrous 
materia],  such  sheets  being  united  thereto,  and  to  each  other,  by  adhesion 
and  pressure.  When  using  net  or  other  open  or  reticulated  fabric  the 
same  should  be  so  made  as  to  be  non-extensible  in  one  direction,  as  one 


Fisr.  1. 


Fig.  2. 


of  the  chief  objects  to  be  obtained  is  the  preventing  of  the  elastic  fabric 
from  stretching  in  one  direction.  This  may  be  accomplished  by  making 
one  set  of  the  threads  straight  and  parallel  with  the  direction  of  non- 
extensibility  of  the  elastic  fabric.  One  or  both  surfaces  of  the  india 
rubber  may  be  ground-corrugated  or  otherwise  figured  by  means  of 
suitable  rollers  or  other  pressing  surfaces,  so  as  to  present  an  appear- 
ance resembling  the  ordinary  woven  elastic  fabrics. 

In  practically  carrying  out  this  said  invention  it  is  preferred  to  stretch 
the  parallel  threads,  a,  shown  in  diagram  fig.  1  of  the  annexed 
engravings,  in  a  frame  of  any  convenient  size, 
by  passing  a  continuous  thread  zig  zag  fashion 
round  pins,  b,  or  comb  teeth  arranged  in  rows 
at  equal  distances  apart,  and  when  a  frame  is 
thus  filled  the  sheet  or  sheets  of  india  rubber 
are  applied  upon  the  threads  by  pressure  in 
any  convenient  manner.  Or  in  lines  of  mere 
parallel  threads  a  species  of  net  of  the  character 
shown  by  the  diagram  fig.  2  is  sometimes 
used,  consisting  of  a  series  of  parallel  threads, 

a,  connected  together  by  diagonal  cross  threads, 

b,  such  fabric  being  readily  manufactured  in 
a  lace  or  bobbin  net  machine.  Fig.  3  repre- 
sents a  piece  of  elastic  fabric  provided  with 
strengthening  strips,   a,  of  any  stout  fabric, 

which  are  either  connected  on  to  the  outer  surface  of  the  elastic  fabric, 
or  introduced  into  the  centre  thereof,  between  the  two  sheets  of  rubber, 
as  shown  in  fig.  3,  and  in  the  sectional  diagram  fig.  4.  These  strength- 
ening pieces  are  here  disposed  with  a  view  to  the  severing  of  the  piece 
along  the  dotted  line  1-2,  when  two  side  springs  for  a  boot  will  be 
obtained,  the  strengthening  of  the  edges  serving  to  hold  the  stitches 
which  secure  the  side  springs  to  the  upper  leathers.  In  all  these  figures 
the  arrows  indicate  the  direction  of  non-extensibility  of  the  fabric. 


STEAM  ENGINES  AND  BOILERS. 

William  Nalder  and  Alfred  Belcher,  East  Cfiallou: — Patent 
dated  December  29,  1804. 

This  invention  relates,  firstly,  to  a  novel  arrangement  of  the  eduction 
port  or  ports  of  the  cylinder  of  a  steam  engine,  and  of  the  piston  to  be 
employed  therewith,  with  a  view  to  the  obtainment  of  greater  economy 
in  the  construction  and  working  of  the  engine.  The  eduction  port 
opens  directly  from  the  longitudinal  centre  of  the  cylinder,  or  two  ports 
may  be  made  one  on  each  side  of  the  centre,  and  the  opening  or  open- 
ings thereof  may  be  made  to  extend  rouud  the  whole  or  any  portion  of 
the  inner  circumference  of  the  cylinder.  The  piston  is  to  be  made  of 
any  convenient  depth  or  thickness,  according  to  the  portion  of  the 
stroke  at  which  the  eduction  port  is  to  be  opened,  but  it  is  preferred  to 
make  it  of  such  a  thickness  as  to  nearly  fill  up  the  portion  of  the 
cylinder  between  the  end  cover  and  the  eduction  port  when  one  port  is 
used,  so  that  just  before  it  arrives  at  the  end  of  its  stroke  it  will  open 


fully  the  eduction  port  by  uncovering  the  same.  When  two  ports  are 
used,  the  length  of  the  piston  should  be  equal  to,  or  nearly  equal  to,  the 
half  length  of  the  cylinder. 

Secondly,  to  an  improved  construction  of  governors  or  regulators  for 
steam  engines  of  all  kinds,  and  to  a  peculiar  arrangement  of  the  regu- 
lating valve  educted  thereby.  The  centrifugal  balls,  or  weights,  are 
connected  by  links  to  a  sliding  collar  on  the  governor  spindle,  or  on  the 
crank  shaft  of  the  engine  itself  in  the  case  of  small  or  portable  engines. 
The  centripetal  action  of  the  governor  balls  is  obtained  from  two  blade 
springs  which  are  connected  at  one  end  to  a  fixed  collar  on  the  spindle 
or  shaft,  and  at  the  other  end  are  screwed  or  otherwise  rigidly  secured 
to  the  governor  balls,  or  weights,  which  receive  their  centrifugal  action 
in  the  usual  way.  By  this  arrangement  facility  is  afforded  for  working 
the  governor  on  a  horizontal  shaft  or  spindle,  or  at  any  desired  angle, 
whilst  greater  economy  of  construction  and  efficiency  of  action  are 
obtained.  The  valve  in  connection  with  the  governor  is  made  to  slide 
upon  the  back  of  the  ordinary  sliding  stop  valve  or  regulator.  By  this 
arrangement  greater  compactness  is  obtained,  with  increased  certainty 
of  action,  and  the  governor  has  the  same  proportionate  control- 
ling power  at  every  position  of  the  stop  valve  or  regulator,  and  is 
enabled  to  completely  cut  off  the  steam  in  case  the  load  be  suddenly 
removed. 

Thirdly,  to  an  improved  construction  of  feed-pump,  whereby  simpli- 
city and  economy  are  combined,  with  greater  certainty  of  action.  In 
this  pump  we  make  the  stop-cock  for  the  suction  pipe  elongated,  in 
order  to  form  the  seat  for  the  lift  valve,  which  is  situated  on  the  side  of 
the  plug  farthest  from  the  suction  pipe.  By  this  means  one  clack-box 
with  its  fittings  is  dispensed  with,  and  the  valve  water  passage  and 
plunger  are  in  a  right  line  in  the  case  of  vertical  or  nearly  vertical 
pumps. 

Fourthly,  to  an  improved  construction  of  connecting  rod  applicable 
to  feed-pumps  and  valve  motions.  This  rod  is  made  flexible  at  one 
part  by  being  flattened  out  at  such  part,  or  otherwise  made  elastic  and 
flexible  at  the  part  required.  This  rod  may  either  form  a  continuation 
of  the  pump  rod  or  valve  spindle  itself,  or  it  may  be  rigidly  secured 
thereto  and  to  the  eccentric  ring,  thus  dispensing  with  joints  which  are 
always  liable  to  wear. 

Fifthly,  to  an  improved  construction  and  arrangement  of  the  fulcra, 
levers,  and  springs  for  safety-valves  of  steam  boilers,  whereby  greater 
sensitiveness  is  obtained.  For  this  purpose  we  make  the  fulcrum  in 
the  form  of  a  knife  edge,  which  fits  inside  a  hollow  boss  in  the  end  of 
the  valve  lever;  the  knife  edge  resting  upon  the  lower  side  of  the  boss. 
The  ends  of  this  fulcrum  are  fixed  in  side  lugs,  and  it  may  be  made 
capable  of  adjustment  therein  so  as  to  change  the  knife  edge  in  action 
when  required,  by  simply  turning  the  fulcrum.  The  free  end  of  the 
valve  lever  may  be  made  to  form  a  blade  spring,  which  is  held  down  by 
a  spindle  jointed  thereto,  and  passing  through  a  fixed  lug,  an  adjustable 
nut  being  screwed  on  to  the  end  of  the  spindle,  such  spindle  being 
properly  divided  or  graduated  to  indicate  the  pressure.  Or,  in  lieu  of 
making  the  spring  in  one  piece  with  the  valve  lever,  a  separate  blade 
spring  may  be  employed,  fixed  at  one  end  to  a  lug,  and  connected  at  its 
opposite  end  to  a  vertical  spindle  which  passes  through  the  end  of  the 
usual  valve  lever,  a  nut  being  employed  for  adjusting  the  valve  to  any 
pressure.  By  these  arrangements  of  blade  springs  and  levers,  an 
economical  substitute  for  the  more  expensive  "  Salter's  balance "  is 
obtained.  The  improved  fulcrum  is,  however,  obviously  applicable  to 
all  safety-valve  levers. 

Sixthly,  to  an  improved  mode  of  lubricating  the  crank  bearings  of 
steam  engines,  which  may  also  be  applied  to  other  bearings.  This  is 
effected  by  employing  a  brass,  which  is  so  formed  as  to  hold  the  lubri- 
cant within  itself  at  one  or  both  ends  thereof,  an  annular  channel  or 
chamber  being  made  in  one  or  both  ends  of  the  brass  to  contain  the  oil 
or  other  lubricating  fluid.  In  this  channel  or  chamber  revolves  an 
enlarged  ring  or  collar,  which  is  fitted  to  or  formed  on  the  journal. 
When  in  motion,  these  collars  take  up  the  oil  and  distribute  it  over  the 
bearing,  but  when  at  rest  the  oil  flows  back  again  into  the  channel  or 
chamber.  By  this  mode  of  lubricating,  a  considerable  saving  of  oil  is 
obtained.  This  peculiar  brass  may  be  applied  to  other  machinery  in 
which  bearings  of  a  like  description  are  applicable. 

Fig.  1  of  the  engravings  represents  a  sectional  plan  of  a  steam-engine 
cylinder,  in  which  the  piston  and  the  ports  are  constructed  and  arranged 
in  accordance  with  the  first  part  of  this  invention.  A  represents 
the  cylinder,  which  may  be  worked  either  in  a  vertical,  horizontal, 
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or  oblique  position,  or  caused  to  oscillate,  as  may  be  found  most 
convenient,  b  is  the  piston,  secured  to  the  rod,  c,  in  the  usual  or  other 
convenient  manner,  and  d  is  the  ordinary  stuffing  box.  e,  p  are  the 
two  steam  ports,  and  g  is  an  exhaust  port  made  in  the  body  of  the 
cylinder  midway  between  the  two  end  covers,  n  n.  This  port  may  or 
may  not  extend  round  the  entire  circumference  of  the  cylinder — in 
the  drawings  it  is  represented  as  extending  half-way  round  only. 
The  piston,  B,  is  made  of  such  a  thickness  as  nearly  to  occupy  the 

Fig.  1. 


Fig.  2. 


whole  of  that  portion  of  the  interior  of  the  cylinder  between  one  of  the 
covers,  n,  and  the  exhaust  port ;  but  as  the  piston  itself  opens  and 
closes  the  exhaust  port  to  each  end  of  the  cylinder  alternately,  in  lieu 
of  such  operation  being  effected  by  the  slide  valve  as  heretofore,  it  fol- 
lows that  by  varying  the  thickness  of  the  piston  the  period  of  opening 
or  closing  the  exhaust  port  will  also  be  varied. 

Fig.  2  represents  an  elevation  of  an  improved  form  of  governor 
or  regulator  for  steam  engines,  con- 
structed in  accordance  with  the  second 
part  of  this  invention.  A  a  are  the 
balls  or  weights  which  are  connected  by 
the  links,  b  b,  to  the  sliding  collar,  c,  on 
the  governor  spindle  or  main  shaft,  d, 
of  the  engine,  as  the  case  may  be ;  this 
governor  being  capable  of  working  in 
any  position.  E  E  are  two  blade  springs 
which  are  connected  at  their  outer  free 
ends  with  the  balls,  A,  and  are  rigidly 
secured  at  their  opposite  ends  to  a  fixed 
collar,  f,  on  the  spindle  or  shaft,  d.  The 
sliding  collar,  c,  is  connected  in  the 
ordinary  manner  with  the  usual  regulat- 
ing valve,  or  with  the  improved  sliding 
regulating  valve,  which  forms  a  part  of 
this  head  of  this  invention,  and  which 
is  illustrated  by  figs.  3  and  4  of  the 
drawings,  which  represent  respectively 
a  cross  section  of  a  longitudinal  section 
of  the  improved  arrangement  and  combination  of  regulator  or  stop  and 
throttle  valve.  A  is  the  throttle  valve  in  connection  with  the  governor 
by  the  spindle,  B,  which  valve  is  made  to  slide  upon  the  back  of  the 
ordinary  sliding  stop  valve  or  regulator,  C.  The  port,  D,  leads  direct 
to  the  steam  chest,  e,  which  is  in  communication  witli  the  cylinder  by 
means  of  the  usual  steam  ports,  p  is  the  opening  in  the  regulator 
valve  which,  in  fig.  4,  is  represented  in  its  closed  position,  g  is  the 
valve  spindle  of  the  regulator  valve,  actuated  in  the  ordinary  or  other 
convenient  manner.      The  throttle  valve,  A,  slides  over  and  covers 
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Fig.  4. 


more  or  less  the  opening,  f,  of  the  regulator  valve  in  whatever  position 
that  valve  may  be  placed,  as  is  clearly  seen  on  reference  to  the 
drawings. 

Fig.  5  is  a  vertical  section  of  a  feed-pump,  constructed  in  accordance 
with  the  third  part  of  this  invention.  A  is  the  stop-cock  of  the  pump, 
the  body  of  which  cock  is  elongated  so  as  to  form  the  seat  for  the  lift 
valve  ;  by  this  arrangement  one  clack-box  with  its  fittings  is  dispensed 


with,  and  a  more  direct  passage  for  the  water  is  obtained.  C  is  the  inlet 
for  the  water.  This  figure  also  illustrates  the  application  of  the 
improved  connecting  rod  to  the  plunger,  E,  of  the  feed-pump,  as  set 
forth  under  the  fourth  head  of  this  invention.  This  connecting  rod, 
F,  is  made  flexible  by  flattening  out  and  making  thinner  one  portion 
thereof,  as  shown  at  /,  by  which  means  the  necessity  for  joints  and 
joint  pins  is  obviated,  as  the  inherent  elasticity  of  the 
rod  will  answer  the  same  purpose,  and  will  admit  of  both  Fig.  5. 
ends  being  rigidly  secured  to  the  moving  and  moved  parts. 
In  some  cases  the  rod  may  be  made  in  one  with  the  plun- 
ger, E,  as  shown  in  fig.  5 ;  but  if  preferred  the  flexible  rod 
may  be  bolted  to  the  plunger,  which  may  be  made 
hollow. 

Figs.  G  and  7  represent  elevational  details  of  a  portion 
of  a  flexible  rod,  P,  with  its  flattened  part,  /,  suitable  as 
eccentric  rods  for  working  valve  spindles,  or  for  working 
the  flanges  of  pumps,  or  other  like  reciprocating  parts 
of  machinery  which  have  hitherto  been  worked  by  jointed 
in  lieu  of  rigidly  connected  rods. 

Fig.  8  represents  a  sectional  elevation  of  a  safety 
valve,  constructed  and  arranged  according  to  the  fifth 
part  of  this  invention.  A  is  the  safety-valve  and  B  the 
valve  lever,  which  it  is  proposed  to  construct  in  the  form 
of  a  blade  spring,  so  that  the  inherent  elasticity  of  the 
lever  itself  will  enable  the  ordinary  spring  of  the 
"  Salter's  balance"  to  be  dispensed  with.  The  fulcrum, 
c,  of  the  valve  lever  is  knife-edged,  and  bears  against  the 
lower  inner  surface  of  a  hollow  boss,  d,  formed  on  the  valve 
end  of  the  lever.  This  knife-edge  fulcrum  may  be  either 
fixed  or  adjustable,  but  it  is  preferred  to  make  it  adjustable  by  fitting  or 
forming  the  knife-edges  to  or  on  a  cylindrical  pin,  which  is  free  to  be 
turned  more  or  less  as  required,  in  corresponding  holes  made  in  the 
fixed  legs  or  brackets,  e.  By  this  means  the  position  of  the  knife-edge 
of  the  fulcrum  may  be  adjusted  with  the  greatest  exactitude  with  refer- 
ence to  the  point  of  contact  between  the  valve  and  its  lever.     The  free 

Fig.  8. 


or  elastic  end  of  the  valve  lever  is  connected  by  an  eye  and  knife-edge, 
or  otherwise  to  a  vertical  spindle,  f,  which  passes  through  a  guiding 
bracket,  g,  secured  to  the  front  or  other  convenient  part  of  the  boiler. 
A  nut,  ii,  on  the  bottom  of  this  spindle  serves  to  increase  or  diminish 
the  downward  pressure  or  resistance  of  the  valve,  which  pressure  is 
indicated  by  graduations  or  divisions  made  on  the  spindle,  f;  the  posi- 
tion  of  the   graduations 

with  regard  to  the  fixed  Fig.  9.  Fig.  10. 

guiding  bracket,  G,  show- 
ing the  exact  pressure 
upon  the  valve.  If  pre- 
ferred, a  rigid  valve  lever 
of  the  ordinary  construc- 
tion may  bo  employed 
connected  to   a  vertical 

spindle  which  is  acted  upon  by  one  end  of  a  blade  spring,  the  other  end 
of  which  is  secured  to  any  convenient  fixed  point. 

Figs.  9  and  10  represent  respectively  a  transverse  and  longitudinal 
section  of  a  self-lubricating  bearing,  constructed  according  to  the  sixth 
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part  of  this  invention,  and  represented  as  applied  to  the  end  of  a  con- 
necting rod  and  crank  pin,  but  is  equally  applicable  to  other  bearings 
and  journals.  A  is  the  brass  or  bearing,  •which  is  made  in  two  parts  as 
heretofore,  but  is  provided  with  an  oil  chamber,  B,  which  is  in  com- 
munication by  means  of  ducts,  b,  with  each  of  the  annular  chambers 
or  channels,  c  C,  formed  at  each  end  of  the  bearing.  Within  each  of 
these  annular  chambers,  c,  revolves  a  collar,  D,  fast  on  the  journal,  e, 
to  be  lubricated.  These  collars,  when  in  motion,  take  up  the  oil  which 
flows  from  the  oil  chamber,  b,  or  from  the  ordinary  oil  cup,  into  the 
centre  of  the  bearing,  and  thence  into  the  annular  channels  or  cham- 
bers, C  C,  and  distribute  it  over  the  wearing  parts  of  the  bearing  and 
journal.  When  the  parts  are  at  rest  the  oil  flows  back  again  into  the 
chambers,  b  and  c  c. 


IMPROVEMENTS  IN  PRODUCING  GASES  AND  VAPOUR  IN 
A  HEATED  STATE. 

James  Young,  Limefield.— Patent  dated  January  14,  18G5. 

Tui3  invention  relates  essentially  to  an  improved  method  of  and 
apparatus  for  obtaining  certain  gases  and  vapour  in  a  heated  state. 
For  example,  one  method  which  is  employed  to  produce  the  gases  and 
vapour  in  the  heated  condition,  consists  in  using  a  hollow  cylinder 
placed  upright,  and  containing  coke,  charcoal,  coal,  or  other  such  material. 
The  material  contained  within  the  cylinder  is  set  fire  to  near  the  bottom, 
and  air  is  forced  into  or  drawn  through  it  by  the  draught  of  a 
chimney.  When  the  contents  of  the  cylinder  have  attained  a  high 
temperature  the  current  of  air  is  stopped,  and  steam  is  blown  in  at  the 
top,  being  forced  down  through  the  heated  material,  after  which  there 
issue  from  the  bottom  hot  carbonic  oxide  and  hydrogen,  with  more 
or  less  steam.  The  apparatus  before  referred  to  may  be  placed 
horizontally,  instead  of  vertically,  or  in  an  inclined  position.  Instead 
of  using  a  cylindrical  vessel,  one  of  any  other  suitable  shape  may  be  em- 
ployed. In  addition  to  using  steam  to  pass  through  the  apparatus,  as 
described,  cuburctted  hydrogen  or  other  gas  or  vapour  may  be  used 

along    with     steam,    or 
Fig.  1.  separately. 

T>y  the  improved  ap- 
paratus presently  more 
particularly  described, 
any  gases  or  vapours, 
which  are  not  acted  on 
by  coke,  charcoal,  coal, 
and  such  like  material,  at 
the  temperature  to  which 
the  apparatus  may  be 
raised,  may  be  heated;  or 
in  the  case  of  such  gases 
and  vapours  as  are  acted 
on  by  hot  coke,  coal, 
charcoal,  or  the  like,  the 
gases  or  vapours  result- 
ing from  such  action  may 
bo  obtained  in  a  heated 
state. 

All  apertures — except 
one  at  the  top  for  the 
admission  of  the  gas  or 
vapour  on  which  it  is 
desired  to  operate,  and 
one  at  the  bottom  for  its 
exit — being  closed,  gas 
or  vapour  on  being  caused 
to  flow  through  the  apparatus  will,  by  absorbing  heat  from  the  highly 
heated  contents  of  the  vessel,  issue  from  the  lower  orifice  at  a  tempera- 
ture the  intensity  of  which  will  depend  on  the  degree  to  which  the  mate- 
rials have  been  heated,  and  the  rate  at  which  the  gas  or  vapour  is 
canesd  to  flow  through  such  apparatus. 

Fig.  1.  of  the  engravings  represents  a  vertical  section  of  the  simplest 
form  of  apparatus,  and  fig.  2  is  a  similar  view  of  a  slightly  modified 
arrangement. 


It  has  hoen  found  convenient  to  employ  a  form  of  apparatus  consisting 
of  a  cylinder  of  wrought  iron,  A  b,  somewhat  similar  to  a  founder's 
cupola  and  lined  with  fire-brick,  having  a  large  aperture,  c,  at  the  top, 
capable  of  being  closed  by  a  tight-fitting  lid,  D,  and  serving  for  the  in- 
troduction of  fuel,  and  also  as  an  exit  for  the  products  of  combustion 
whilst  the  apparatus  is  being  heated.  E,  is  a  tuyere  for  supporting  a 
blast  of  air  whilst  the  fuel  is  being  heated,  and  which  is  connected  to 
the  main  blast  pipe  by  a  leather,  or  other  suitable  flexible  tube,  f,  or 
by  any  other  connection  by  which  it  can  be  easily  removed  from  the 
tuyere  hole,  when  the  temperature  inside  the  vessel,  a  b,  is  sufficiently 
elevated. 

When  the  apparatus  is  to  be  worked  for  any  length  of  time,  it  will 
be  proper  to  introduce  lime,  and  with  some  fuels  a  little  clay,  in  order 
that  the  impurities  may  be  fluxed  into  a  fluid  slag  in  the  usual  way,  when 
they  may  be  allowed  to  run  out  by  the  slag-hole,  n  ;  k,  is  a  pipe  and 
stopcock,  by  which  the  gas  or  vapour  may  be  admitted  to  the  upper  end 
of  the  vessel,  a  b. 

In  working  this  apparatus  the  vessel,  A  e,  having  been  charged  with 
fuel,  and  with  a  proper  mixture  of  lime,  or  other  suitable  material  as  is 
well  known,  in  order  to  flux  the  impurities,  and  the  cover  D  being 
removed,  the  fuel  in  the  lower  part  is  to  be  lighted  or  kindled,  and  a 
blast  of  air  turned  on  by  the  pipe,  E,  till  the  contents  of  A  B  are  suffi- 
ciently hot.     The  cover,  d,  is  then  to  be  secured  on  the  upper  aperture, 


Fig.  2. 


c,  the  tuyere,  e,  withdrawn,  the  slag  hole,  n,  closed,  and  the  gas  or 
vapour  on  which  it  is  desired  to  operate  admitted  by  opening  the  stop- 
cock, K,  when  a  stream  of  heated  gas  or  vapour  will  issue  from  the 
tuyere  hole  at  e.  Of  course,  if  more  convenient,  the  tuyere  hole  may 
be  closed,  and  the  hot  gas  allowed  to  issue  by  the  slag  hole ;  or  both 
may  be  closed,  and  a  third  hole  for  the  exit  of  the  gas  only  may  be 
opened. 

In  order  to  render  this  process  continuous  two  or  more  such  vessels 
must  be  employed,  so  that  hot  gas  may  issue  from  one  while  the  other 
is  heating  up.  If  steam  be  admitted  by  the  cock,  K,  and  the  tempera- 
ture be  greatly  elevated,  a  highly  heated  mixture  of  hydrogen  and  car- 
bonic oxide,  with  perhaps  a  little  steam,  will  issue  from  the  lower  orifice ; 
but  if  the  temperature  be  lower,  say  about  a  red  heat,  the  greater  part 
of  that  which  issues  at,  e,  will  be  superheated  steam.  If  air  be  passed 
through,  the  products  will  consist  of  heated  carbonic  oxide  and  nitrogen ; 
or  if  these  latter  gases  be  passed  through,  they  will  simply  issue  in  a 
heated  state. 

In  the  latter  case  the  modification  (fig.  2)  of  the  apparatus  may  be 
employed. 

The  vessel  A  B,  (fig.  2),  is  lined,  as  before,  with  fire-brick,  having  a 
charging  aperture,  c,  and  being  divided  vertically  by  a  brick  wall,  r,, 
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reaching  to  nearly  the  top.  Each  division  is  furnished  with  a  tuyere 
hole,  e,  and  e',  and  a  slag  hole,  H,  and  H,  and  is  filled  with  fuel. 

This  fuel  in  both  divisions  having  been  lighted  or  kindled  at  the 
bottom,  and  both  blasts  turned  on  (the  door,  D,  being  removed)  till  both 
are  heated  up;  the  door,  d,  may  be  replaced  and  secured,  and  one  tuyere, 
e',  removed,  when  the  carbonic  oxide  and  nitrogen  produced  in  the 
division,  N,  will  be  very  highly  heated  in  passing  downwards  through 
the  fuel  contained  in  the  division,  n',  and  will  issue  from  the  tuyere 
hole,  e'.  During  this  time  the  temperature  of  the  division,  n,  will  be 
increasing  considerably,  and  so  soon  as  the  division,  n',  begins  to  cool, 
the  tuyere,  e',  may  be  inserted  into  its  tuyere  hole,  and  the  tuyere,  E, 
withdrawn,  when  the  division,  n',  will  produce  carbonic  oxide  and 
nitrogen  whilst  it  is  being  heated  up,  and  this  will  be  raised  to  a  high 
degree  of  heat  in  passing  through  the  division  n.  So  soon  as  N  is  partly 
cooled  the  operation  is  to  be  reversed,  and  so  on. 

Iron  pipes  lined  with  fire-clay  may  be  connected  to  the  holes  by  which 
the  hot  gases  issue,  whereby  these  gases  may  be  conveyed  some  distance 
if  required. 


IMPROVEMENTS  IN  LAMPS. 

William  Gregg,  Dublin. — Patent  dated  January  18,  1865. 

This  invention  relates  to  improvements  in  lamps  or  lanterns,  intended 
either  for  indoor  or  outdoor  use ;  the  object  to  be  attained  being  in- 
creased illuminating  power,  whether  using  gas,  oil,  or  other  inflammable 
fluid,  without  increasing  the  cost  of  burning,  and  without  materially 
adding  to  the  expense  of  construction. 

According  to  this  invention,  it  is  proposed  to  make  the  glass  of  the 
lamp  or  lantern,  or  that  part  which  incloses  and  surrounds  the  flame,  of 
a  shape  tapering  downwards,  and  to  form  the  sides  thereof  of  bent  glass 
in  lieu  of  flat  panes  as  hitherto  adopted  in  street  lamps,  whereby  less 
resistance  is  offered  to  the  wiud.  The  top,  or  dome,  of  the  lamp  or 
lantern  consists  of  an  earthenware  or  china  reflector,  with  or  without  a 
metallic  covering,  which  is  curved  or  otherwise  shaped  to  suit  the 
angle  of  reflection  according  to  the  position  of  the  lamp.  This  reflector 
may  or  may  not  project  or  overhang  beyond  the  circumference  of  the 
top  of  the  lamp,  and  such  projecting  part  may  be  made  of  tin  or  other 
bright  metal  on  the  underside,  or  painted  white.  When  gas  is  used, 
the  tap  or  regulator  may  be  situate  near  the  centre  of  the  lamp,  and 
this  tap  may  either  be  of  the  ordinary  construction,  or  it  may  consist  of 
two  concentric  tubes,  one  moving  up  or  down  inside  the  other,  and 
having  a  slot  formed  therein  to  serve  as  a  guide.  The  gas  is  let  in 
through  the  inner  tube,  when  it  is  drawn  down,  and  is  shut  off  by 
pushing  up  that  tube  until  it  is  arrested  by  a  stop.  At  the  bottom  of 
the  lamp  or  lantern,  there  is  filled  a  trap-door,  composed  of  metallic 
gauze,  which  admits  air  freely,  and  affords  access  to  the  interior  of  the 
lamp  or  lantern  when  lighting.  The  hot  air  escapes  through  suitable 
apertures  at  the  top.  The  addition  of  the  reflector,  which  can  be 
readily  cleansed  by  simply  wiping  the  same,  augments  the  lighting 
power  obtained  from  a  given  flame  by  directing  and  concentrating 
the  rays  of  light  downwards  into  the  street,  or  in  any  other  direc- 
tion required,  in  lieu  of  allowing  a  large  proportion  to  be  diffused  in 
directions  in  which  they  are  not  required.  The  trap-door,  which  is 
weighted  to  cause  it  to  close  of  itself,  enables  the  lamp  to  be  lighted  by 
a  small  lamp  on  the  end  of  a  pole,  which  is  inserted  upwards  through 
the  trap-door  for  that  purpose,  thus  dispensing  with  the  use  of  a  ladder 
except  for  the  purpose  of  cleaning  the  same,  the  tap  or  regulator  being 
opened  and  closed  by  the  pole  used  in  lighting.  The  lamp  may  be 
supported  in  a  ring  or  band  suspended  from  the  ceiling,  supported  by  a 
wall  bracket,  or  attached  to  a  pillar  or  other  support ;  and  as  there  is 
less  metal  work  underneath  the  lamp  or  lantern,  than  in  any  other  at 
present  in  use,  shadows  will  bo  almost  entirely  avoided.  The  whole  is 
put  together  or  taken  asunder  by  three  screws  at  each  end  of  the  ribs 
or  sashes  of  the  lantern. 

Fig.  1  is  a  vertical  sectional  elevation  of  the  improved  lamp,  pro- 
vided with  a  gas  burner,  and  intended  for  use  as  a  street  lamp.  Fig.  3 
is  a  sectional  plan  of  the  same,  taken  along  the  line  1,  2,  in  fig.  1 ;  and 
fig.  2  is  a  vertical  section  of  the  tap  or  cock,  which  it  is  preferred  to  use 
in  the  improved  gas  lamp. 

In  figs.  1  and  2,  A  represents  the  glass  sides  of  the  lamp,  which  are 
fitted  into  light  metal  frames,  b,  and  are  tapered  and  bent  in  lieu  of 
being  flat,  so  as  to  form  a  circle  in  horizoutal  section,  and  afford  less 


resistance  to  the  wind  than  when  flat  sides  are  employed,  c  is  a  curved 
earthenware  or  china  reflector,  and  may  or  may  not  have  a  metallic 
covering,  constructed  so  as  to  suit  the  angle  of  reflection  desired,  and 
forming  the  top  or  dome  of  the  lamp.  This  reflector  it  is  preferred  to 
make,  so  as  to  project  slightly  beyond  the  sides  of  the  lamp,  as  shown. 
d  is  the  gas  burner,  which  is  situate  near  the  centre  of  the  lamp ;  and  E 
i3  a  sliding  tap  (shown  in  enlarged  detail  at  fig.  3)  for  turning  on  and 


Fig.  !• 


Fig.  2. 


means  of  a  pole  employed  in  1 


shutting  off  the  supply  of  gas.  This  tap 
consists  of  an  inner  tube,  F,  to  which  the 
burner  is  secured,  sliding  gas-tight  in  the 
end  of  the  outer  tube,  G,  which  is  fixed. 
The  bottom  of  the  inner  tube  is  closed 
by  a  screwed  cap  or  otherwise,  and  a 
number  of  lateral  perforations  are  made 
in  the  tube  near  its  lower  end.  A  pro- 
jecting arm,  I,  attached  to  the  tube,  f, 
enables  it  to  be  easily  raised  or  lowered  by 
;hting  the  lamp,  a  small  lantern  being  fitted 
to  the  end  of  such  pole  when  used  for  that  purpose.  When  the  tube,  f, 
is  pushed  up  the  gas  will  bo  shut  off,  as  the  perforations  will  be  closed 
by  being  concealed  within  the  contracted  part,  a,  of  the  outer  tube  ;  and 
when  the  tube,  f,  is  drawn  down  to  the  position  shown  in  the  drawing, 
the  gas  will  have  free  passage  through  it  to  the  burner.  The  upward 
and  downward  play  of  the  tube,  f,  is  controlled  or  checked  by  the 
pin  and  slot  at  a.  Any  suitable  packing  may  be  employed  at  a',  as 
shown  in  the  drawing,  to  insure  the  tightness  of  the  sliding  joint.  The 
bottom  of  the  lamp  is  composed  of  finely  perforated  metal  or  wire 
gauze,  k  (fig.  3),  one  half  of  which  is  hinged  so  as  to  open  upwards,  as 
shown,  in  the  form  of  a  trap-door,  c,  the  door,  or  flap,  brung  so  weighted 
as  to  close  by  its  own  gravity.  This  open-work  bottom,  in  combination 
with  suitable  outlets  at  the  upper  part  of  the  lamp,  insures  a  constant 
supply  of  air  to  the  burner.  The  object  of  the  hinged  flap,  c,  is  to 
admit  of  the  end  of  the  lighting  pole  being  introduced  for  the  purpose 
of  turning  on  the  gas  and  lighting  the  same,  or  of  turning  it  off,  whereby 
the  necessity  for  a  ladder  is  obviated.  One  of  the  panes  of  glass  may 
be  made  to  open,  for  the  facility  of  cleaning  the  interior  of  the  lamp. 


IMPROVEMENTS  IN  ORDNANCE  AND  MOULDS. 

J.  H.  Johnson — London  and  Glasgow. —  Communicated  by  William 
Jones,  Nhni  Novgorod,  Russia. — Patent  dated  February  2, 1865. 

This  invention  relates  partly  to  the  production  or  manufacture  and 
strengthening  of  heavy  ordnance,  and  to  apparatus  employed  therein, 
whereby  a  more  homogeneous  mass  is  obtained,  with  increased  resistance 
to  longitudinal  and  radial  or  transverse  strain.  This  part  of  the  inven- 
tion is  also  applicable  to  the  production  of  other  heavy  hollow  castings, 
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such,  for  example,  as  mortars  and  the  cylinders  of  hydraulic  presses. 
Another  part  of  this  invention  relates  to  an  improved  mode  of  mounting 
orduauce,  whereby  greater  accuracy  and  steadiness  are  obtained,  with 
less  recoil  than  heretofore.  According  to  the  first  part  of  this  invention, 
it  is  proposed  to  cast  in  a  peculiar  manner,  to  be  described,  guns, 
mortars,  and  other  heavy  hollow  castings  of  brass,  sterro  metal,  mild 
cast  steel,  or  of  any  other  alloy  capable  of  resisting  the  greatest  tensile 

Fig.  1. 


~!rain.  In  making  such  castings  according  to  this  invention,  it  is  pro- 
posed to  cast  them  in  several  layers,  each  layer  being  cast  upon  or 
over  another  whilst  it  is  in  a  glowing-hot  state ;  and  so  soon  as  each 
layer  is  set  in  the  mould,  and  whilst  still  in  a  glowing-hot  state,  the 
casting  is  removed  from  the  mould  and  subjected  to  a  forging  process 
by  the  aid  of  rolls,  presses,  or  power-hammers.  After  being  forged  the 
casting  is  reheated  in  a  heating  furnace,  and  conveyed  thence  in  a 

Fig.  2. 


glowing-hot  state  to  another  and  larger  mould  than  the  previous  one 
used,  in  which  the  next  layer  is  cast  upon  the  previous  one,  and  so  on; 
the  operations  of  forging  and  reheating  being  repeated  after  the  casting 
of  each  succeeding  layer.  In  casting  ordnance,  the  primary  or  central 
barrel  is  cast  parallel  or  cylindrical  in  a  suitable  mould,  placed  verti- 
cally, or  on  one  end,  and  whilst  still  in  a  glowing  state  is  removed  from 
the  mould  and  conveyed  to  a  rolling  mill,  where  it  is  rolled  by  passing 
longitudinally  between  grooved  rolls.  From  this  rolling  mill  it  is  con- 
veyed, after  being  reheated,  to  another  rolling  mill  containing  three 
rolls,  and  is  then  rolled  laterally  or  transversely,  the  barrel  being  laid 
between  the  surfaces  of  the  three  adjoining  rolls,  with  its  axis  parallel 
to  the  axis  of  such  rolls.  These  rolls  are  so  shaped  as  to  form  a 
bulbous  enlargement  at  or  towards  one  end  of  the  barrel,  such  end 
corresponding  with  the  breech  end  of  the  gun.  Some  of  the  succeeding 
layers  which  are  cast  over  this  barrel,  as  hereinbefore  described,  may 
or  may  not  extend  along  the  entire  length  of  the  same,  and  each  suc- 
ceeding layer  should  be  shorter  than  the  previous  one,  so  as  to  give  the 
desired  taper  towards  the  muzzle  of  the  gun,  and  afford  the  requisite 
strength  at  the  breech.  All  these  layers  are  of  a  bulbous  contour,  and 
taper  off  in  thickness  towards  one  or  both  ends  of  the  gun.  If  pre- 
ferred, the  barrel  or  first  tube  may  be  reduced  by  the  grooved  rolls  to  the 
size  required  for  the  bulb,  and  the  rest  reduced  to  the  proper  taper  and 
form  under  a  steam-hammer  or  hydraulic  forging  press  ;  or  the  proper 
taper  and  form  may  be  given  by  a  lathe,  but  the  shaping  by  forging  is 
preferred.  This  system  of  casting  in  successive  layers,  and  forging 
each  layer  separately  whilst  hot  from  the  mould,  is  equally  applicable 


to  the  strengthening  of  the  breech  of  existing  ordnance.  The  moulds 
employed  are  made  of  cast  iron,  divided  longitudinally,  and  provided 
with  clamps  or  other  convenient  fastenings  for  securing  the  two  halves 
firmly  and  air-tight  together.  The  bottom  of  the  mould  is  closed,  but 
the  top  is  open  and  covered  with  a  lid  fitting  air-tight.  The  two  halves 
of  each  mould  are  supported  on  carriages  running  on  rails  or  tramways, 
so  as  to  be  readily  separated  or  brought  together  as  desired.  Each 
half  of  the  mould  is  provided  with  the  halves  of  two  "gates,"  so  that 
when  closed  the  mould  will  have  two  "  gates"  or  inlets  for  the  molten 
metal,  and  upon  each  "  gate"  is  fitted  a  funnel-shaped  vessel  to  receive 
the  molten  metal,  provided  with  a  discharge  plug  at  the  bottom,  the 
metal  being  run  into  the  mould  from  both  vessels  simultaneously  on 
opposite  sides  of  the  mould.  Before  running  in  the  metal,  however, 
the  mould  is  heated  by  introducing  therein  a  pipe  having  a  series  of 
gas  burners  and  blowpipes,  and  supplied  with  gas  and  air  from  any 
convenient  source,  the  ignited  gas  jets  inside  the  mould  serving  to  heat 
the  same.  Other  means  may,  however,  be  adopted  for  heating  the 
mould.  Previous  to  and  during  the  running  in  of  the  metal,  the  air  and 
gases  are  exhausted  from  the  mould  by  connecting  it  by  a  pipe  with  an 
exhausted  chamber,  or  directly  with  an  air-pump  or  other  suitable 
exhaustive,  so  that  the  casting  will  be  made  in  vacuo  or  nearly  so,  and 
wiil  be  thereby  rendered  perfectly  free  from  air  blows.  When  the 
casting  is  complete,  and  whilst  still  hot,  it  is  introduced  into  an 
annealing  furnace,  and  surrounded  with  powdered  charcoal,  or  immersed 
tihp.d  SEEKS. — VOL.  I. 


in  a  fusible  metal  bath  where  the 
heat  can  be  maintained  forany  length 
of  time,  and  reduced  as  may  be 
required  during  the  annealing  pro- 
cess. The  mandrill,  which  had  been 
previously  contained  in  the  bore  of 
the  casting,  is  removed  during  the 
annealing  process,  and  a  pipe  is  introduced  into  the  bore,  through  which 
pipe  hot  air  is  blown  in  returning  up  through  the  annular  space  between 
the  pipe  and  the  bore.  The  temperature  of  this  air  must  be  reduced 
gradually  as  the  cooling  of  the  casting  proceeds,  until  the  air  introduced 
therein  turns  perfectly  cold.  The  annealed  casting  is  then  finished 
in  the  usual  manner  by  boring  and  turning,  and  the  trunnions,  if  in- 
tended for  a  gun,  shrunk  on. 

It  is  also  proposed,  in  the  manufacture  of  ordnance,  to  shrink  the 
trunnions  on  to  the  breech  end  of  the  gun  in  lieu  of  near  the  longitu- 
dinal centre  thereof.  In  this  case  a  special  mount  or  gun-carriage  is 
employed,  which  may  be  constructed  of  wrought  iron,  and  provided 
with  a  vertical  arm  or  arms  working  on  a  joint  at  the  lower  end,  and 
carrying  a  roller  or  antifriction  pulley  at  the  upper  end.  The  fore  part 
of  the  gun  rests  upon  this  antifriction  pulley,  and  is  elevated  or  de- 
pressed by  causing  the  arm  with  the  pulley  to  approach  towards  or 
recede  from  the  breech  end  of  the  gun  by  means  of  a  horizontal  screw 
and  spindle  and  hand  wheel  convenient  to  the  hand  of  the  gunner. 
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Fig.  1  of  the  engravings  represents  a  longitudinal  section  of  a  gun  or 
piece  of  heavy  ordnance,  constructed  in  accordance  with  this  invention. 
This  gun  is  cast  in  several  layers,  a  b  (two  only  are  shown  in  the 
engravings),  but  any  other  number  may  be  employed ;  such  layers  being 
successively  cast  upon  a  central  barrel,  c,  and  upon  each  other  whilst 
in  a  glowing-hot  state,  as  previously  described.  One  of  the  moulds 
employed  in  casting  these  layers  is  represented  in  sectional  elevation  at 
fig.  2,  in  transverse  vertical  section  at  fig.  3,  and  in  transverse  horizon- 
tal section  through  the  pouring  "gates"  or  ways  at  fig.  4.  The  central 
barrel  having  been  cast  and  forged  to  the  desired  shape  as  previously 
described,  and  reheated,  is  placed  in  the  vertical  mould,  A,  made  of 
cast  iron,  in  two  halves,  each  half  being  carried  by  a  travelling  carriage, 
v.  B,  provided  with  a  raised  platform,  o,  for  the  facility  of  access  to  the 
top  of  the  mould,  which  is  closed  air-tight  by  a  lid  or  cover,  D.  e  e  are 
two  pouring  "gates"  or  ways,  one  half  of  each  being  formed  on  each 
half  of  the  mould,  as  shown  in  fig.  5  ;  and  clamps,  F,  are  employed  for 
securing  the  two  halves,  of  the  mould  together.  The  molten  metal  is 
poured  into  these  "gates"  from  suitable  funnel-shaped  vessels  or 
receivers  placed  above  them,  and  opening  direct  into  each  "gate"  by 
an  orifice  at  the  bottom,  which  is  closed  by  a  movable  plug.  Before 
running  in  the  metal,  however,  the  mould  should  be  heated  in  the 
manner  before  described,  or  otherwise,  so  as  not  to  chill  the  metal 
casting ;  and  previous  to  and  during  the  running  in  of  the  metal  the  air 
and  gases  should  be  exhausted  from  the  mould  in  any  well-known 
manner.  In  casting  each  succeeding  layer,  a  larger  diameter  of  mould 
must  be  employed  to  allow  for  the  increasing  diameter  of  the  casting ; 
but  all  those  moulds  will  be  of  a  similar  construction  to  that  illustrated 
in  the  engravings,  which  is  the  one  intended  for  casting  the  first  layer 
on  to  the  central  tube  or  barrel. 


REVIEWS    OF    NEW    BOOKS. 


Tables  for  facilitating  the  calculation  of  Earthwork  in 
the  Construction  of  Railways,  Roads,  Canals,  Dams,  &c.  By 
David  Cunningham,  C.E.    Royal,  8vo.     Spon :  London,  1865. 

There  are  two  great  earthwork  tables  hitherto  in  use  amongst  British 
engineers,  those  of  Mr.  Bidder  and  of  Sir  John  MacNiel.  The  former 
are  oertainly  objectionable,  as  the  author  of  the  tables  before  us  says, 
by  reason  of  over-condensation,  and  the  latter  have  always  been  viewed, 
by  those  who  have  tried  to  use  them,  as  unwieldy  and  difficult.  Some 
difficulty  there  must  bo  in  the  use  of  any  book  of  tables  at  first,  for 
until  a  certain  amount  of  dexterity  and  acquaintanceship  with  their 
structure  and  powers  have  been  obtained,  the  art  of  reference  is  attended 
with  the  same  loss  of  time  and  trouble  that  attends  the  use  of  the  slide 
rule  in  the  hands  of  the  beginner;  who  could  much  more  readily  answer 
the  questions  put,  by  a  slate  and  slate  pencil  than  by  the  instrument, 
although  to  one  familiar  with  its  use,  it  will  give  the  response  at  a 
glance  almost. 

These  earthwork  tables  before  us  have  about  as  little  of  this  pre- 
liminary difficulty  as  any  we  have  seen,  or  as  is  perhaps  possible.  There 
is  no  doubt  but  that  a  set  of  tables  workable  with  facility  was  a  profes- 
sional want,  which  has  been  thus  supplied. 

The  main  mass  of  the  volume,  consisting  altogether  of  100  very 
clearly  printed  and  beautifully  arranged  pages  of  tables,  is  occupied 
witli  direct  earthwork  tables  of  cuttings  or  fillings,  starting  from  a  base 
of  six  feet  in  breadth,  and  with  increments  of  one  foot,  advancing  up  to 
fifty  feet,  and  with  various  slopes,  from  one-fourth  to  one,  up  to  two 
to  one. 

There  are  then  certain  supplementary  tables,  which  may  be  used  in 
various  ways  in  modification  of  the  preceding,  and  more  especially  in 
supplying  intermediate  slopes  to  those  given  directly  by  the  tables. 

The  work  commences,  as  all  such  should,  by  developing  the  formula: 
upon  which  the  tables  are  constructed,  and  in  showing  certain  con~ 
trivances  for  rapidly  and  approximately  ascertaining  and  checking 
quantities.  There  are  a  few-  subordinate  tables,  as  of  English  and  Irish 
acreage,  &c,  added,  all  in  strict  subordination  to  the  main  object  of  the 
work ;  which  has  the  immense  advantage  of  being  free  from  that 
stuffing  out  with  useless  old  matter,  tabular  or  otherwise,  by  which  so 
many  books  of  this  class  are  tried  to  be  made  look  replete  with  matter 
of  value. 

The  volume  is  well  bound  by  the  publisher  in  cloth.     Earthwork 


tables  are  roughly  and  constantly  handled,  however,  by  those  who 
really  have  to  use  them,  and  we  would  suggest  that  a  leather  spring 
back,  retaining  the  cloth  cover,  would  be  an  improvement. — Ed. 


The   Transactions  of  the  Society  of  Engineers   for  186i. 
8vo.     Spon  :  London.     Pp.  207,  with  many  plates. 

This  volume  of  Transactions  marks  the  first  decade  of  the  establishment 
of  the  Society  of  Engineers,  and  is  of  sucli  a  character  that  its  members 
may  not  only  look  back  with  satisfaction  to  what  they  have  done,  but 
with  the  very  best  hopes  and  auguries  for  the  future.  The  volume,  a 
thick,  well  printed,  admirably  illustrated,  and  handsome  one,  though 
devoid  of  the  least  pretentiousness  in  externals,  would  do  credit  to  the 
productions  of  the  Institution  in  Great  George  Street,  and  in  one  im- 
portant respect  would  be  well  imitated  by  those  who  have  the  conduct 
of  the  Proceedings  of  that  body;  namely,  in  the  promptitude  with  which 
the  papers  read  are  now  placed  before  the  public.  The  oldest  paper  in 
the  volume,  that  by  Mr.  Nursey  on  Fuel,  was  only  read  in  January, 
1864,  and  here  we  have  it  published  within  about  eighteen  months ; 
a  very  different  state  of  things  from  that  which  characterizes  the  Great 
George  Street  volumes,  which  have  often  been  years  in  arrear.  This 
tardiness  has  been  muoh  diminished,  however,  since  Mr.  Forrest  became 
the  really  acting  and  active  secretary  of  the  Institution ;  still  there  is 
room  for  improvement  in  this  and  in  many  other  important  respects  in 
the  conduct  of  the  Institution  in  Great  George  Street. 

The  contents  of  this  volume  fully  sustain,  by  the  intrinsic  merit  of 
the  papers,  the  promptitude  with  which,  on  the  part  of  the  officers  of 
the  society,  and  the  style  in  which,  on  the  part  of  the  publisher,  they 
have  been  brought  before  the  public.  There  is  literally  not  a  paper  of 
mediocre  merit  amongst  them.  We  may  specially  refer  to  Mr.  Wilson's 
"  Memoir  on  the  Manufacture  of  Coal  Gas,"  as  forming  the  best  index 
we  have  yet  met  with  in  English  to  the  best  modern  practice  in  gas 
making. 

Mr.  Pendred's  paper  on  "  Elastic  Railway  Wheels,"  is  also  a  very 
suggestive  one,  and  contains  the  first  attempt  we  have  noticed,  in 
English  at  least,  to  approach  the  subject  of  the  wear  and  tear  of  wheels, 
and  of  permanent  way,  on  fundamental  principles.  We  must,  however, 
add,  that  we  cannot  quite  concur  in  some  of  those  principles  as  here 
enunciated.  Mr.  Latham's  papers  on  "  Water  Supply  of  Towns,"  are 
also  creditable  compilations  by  a  man  well  up  to  bis  work. — Ed. 


CORRESPONDENCE. 


We  do  not  hold  ourselves  responsible  for  the  views  or  statements  of  oiir 
Correspondents. 


GENERATING    STEAM    BY    LIQUID    FUELS. 
(To  the  Editor  of  the  Practical  Mechanics  Journal.') 

Sin, — The  petroleum  grate,  illustrated  in  your  August  part,  has  long  beon  given 
up  as  a  mere  toy.  The  boiler  lately  experimented  upon  at  Woolwich  Dockyard  is 
of  a  totally  different  construction.  I  am  quite  ready  to  admit  that  my  method  of 
using  petroleum  as  steam  fuel  is  not  very  scientific — it  is  merely  practical.  It  is 
owing  to  the  excessive  scientific  character  of  other  attempts,  that  no  success  has 
hitherto  attended  them.  The  first  experiments  at  Woolwich  were  made  at  my  own 
expense;  I  had  my  own  apparatus,  and  was  attended  by  my  own  engineer,  and 
stoker;  and  it  was  only  after  I  had  fully  proved  that  petroleum  could  be  used  as  a 
steam  fuel  with  great  advantage,  that  the  late  boiler  was  made  there  by  the  authori- 
ties. It  could  for  any  length  of  time  be  kept  in  full  action,  vaporizing  the  water 
at  the  rate  of  12|  lbs.  to  1  of  fuel.  But  there  were  some  great  defects  in  it;  so 
many  contrivances  had  been  introduced  out  of  fear  of  the  oil,  that  I  could  not 
obtain  its  full  effect.  The  boiler  had  too  large  an  amount  of  water,  nearly  three  tons; 
too  small  a  fire-grate  surface,  less  than  five  feet;  its  combustion  chamber  was  not 
fully  protected  by  water  space ;  it  had  no  direct  draught,  but  worse  than  all,  the 
oil  could  not  be  placed  under  pressure  without  leakage^  and  therefore  would  not 
give  a  quick  combustion. 

It  was  so  evident  that  by  an  improved  form  it  would  do  more,  and  give  every- 
thing that  was  desired,  that  it  has  been  taken  to  pieces,  and  is  now  in  process  of 
reconstruction  ;  in  about  a  month  or  six  weeks  it  will  be  again  in  action.  It  will 
then  be  able  to  burn  Rangoon  coal  or  shale  oil,  together,  and  at  the  same  time 
with  the  other  petroleums.  It  is  fully  expected  it  will  vaporize  from  14  to  1G 
lbs.  of  water  to  1  lb.  of  fuel.  The  whole  of  the  fire  boxes,  the  combustion  chamber,, 
and  tubes,  will  be  filled  constantly,  for  any  length  of  time,  with  an  intense  flame, 
through  which  very  little  carbon  can  escape  as  smoke.  The  flame  can  be  lowered 
instantly,  and  the  entrance  of  air  easily  regulated,  and  all  leakage  of  the  oil  made 
impossible. 

It  is  not  to  be  supposed  that  a  boiler  for  the  use  of  a  new  fuel  can  be  completed 
in  the  first  attempt.  The  principle  of  burning  petroleum  through  a  porous  material 
is  extremely  simple,  but  its  application  is  one  of  great  difficulty ;  and  it  is  only  now* 
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after  a  vear  and  a  half  constant  study  and  experiment,  that  I  have  submitted  to 
the  engineers  of  the  Dockyard  a  design  of  a  boiler  which  appears  to  meet  their 
approval — one  of  the  same  simple  type  of  the  present  marine  boiler,  but  over  which 
it  will  be  more  than  twice  as  powerful.  The  boiler  now  being  reconstructed  is  a 
near  approximate  to  it.  The  peculiarity  of  the  petroleum  boiler  is,  there  is  no 
great  heat  in  front  of  the  fire  doors;  the  engineer  or  stoker  can  attend  without 
inconvenience — the  great  heat  being  in  the  combustion  chambers. 

Mr.  St.  John  V.  Day  must  permit  me  to  tell  him  he  does  not  understand  petro- 
leum, or  he  would  not  speak  favourably  of  its  being  burnt  in  jets,  like  gas.  Less 
than  one-half  the  oil  submits  to  be  vaporized  ;  the  rest  is  a  heavy  mass  of  residuum. 
This,  by  my  method,  is  burnt ;  the  only  portion  remaining  unconsumed,  being  a 
porous  material  in  itself,  remains  in,  and  I  believe  strengthens  the  core  the  oil  is 
burnt  through. 

I  should  like  to  be  permitted  to  hint  to  Mr.  Day,  that  many  of  our  most  eminent 
engineers  have  tried  their  skill  at  snip  targets,  which  have  been  smashed  and  put 
aside  without  their  being  subjected  to  any  sarcasm  or  reproach.  Outside  the 
Dockyard  gates  no  one  believes  in  the  success  of  my  undertaking.  I  am  working 
alone,  unaided,  and  at  a  great  sacrifice ;  and  I  may  be  excused  at  being  a  little 
sensitive  at  what  is  said  about  me. 

C.  J.  RICHARDSON, 

Architect  and  Consulting  Engineer  for  the  Warming  and 

Ventilation  of  Buildings  and  the  Construction  of 

Petroleum  Furnaces. 

Sir, — I  am  gratified  in  finding  that  Mr.  Richardson  has  penetrated  his  subject  so 
far  as  to  conclude  that  the  boiler  for  generating  steam,  described  in  the  specification 
of  his  patent,  is  at  least  not  scientific — he  might  as  well  have  added  "  impractical !" 
and  suppose  that  if  Mr.  Richardson  even  now  really  understands  petroleum,  it  must 
be  a  matter  of  regret  to  him  that  his  specification  was  ever  allowed  to  fill  a  spare 
corner  in  the  Patent-Office  repositories. 

Mr.  Richardson  should  know,  that  no  man,  who  thoroughly  appreciated  his  own 
complete  understanding  of  a  matter  so  very  important  as  the  one  to  which  he  has 
turned  his  attention,  would  allow  his  designs  to  be  turned  topsy-turvy  by  even 
dockyard  officials,  as  he  himself  confesses  to  have  been  the  case  at  Woolwich,  but 
rather,  until  permitted  to  carry  out  his  own  invention  as  his  own,  retire  from  the 
contest.  I  have  yet  to  learn  that  because  any  mechanical,  or  combination  of 
chemical  and  mechanical  principles,  is  not  scientific,  a  good  practical  result  may  be 
deduced  therefrom,  which  the  tone  of  Mr.  Richardson's  letter  would  endeavour  to 
impress.  Mr.  Richardson  may  rest  assured,  that  unless  he  follows  the  dictates  of 
true  science  in  conducting  his  experiments,  as  an  experimenter  he  must  fail,  for 
the  economical  combustion  of  mineral  oils  depends  entirely  on  utilizing  them  in 
strict  accordance  with  known  chemical  facts. 

I  scarcely  consider  it  worth  while  to  discuss  with  Mr.  Richardson  the  question  as 
to  the  degree  of  understanding  petrolenm  which  either  he  or  myself  possess.  I 
only  speak  from  what  is  known  to  be  the  result  of  Messrs.  Sim  &  Barff's  method  of 
utilizing  the  mineral  oils  as  steam  fuel.  One  thing  is  certain,  that  if  burnt  as  oil 
direct,  or  through  a  porous  material,  the  whole  of  the  free  carbon,  except  the 
small  amount  carried  away  in  the  vaporous  form,  becomes  deposited  on  the  recipient 
plates  of  a  boiler.  This  Mr.  Richardson,  by  any  such  method  as  he  proposes,  can 
never  prevent ;  and  if  he  will  but  recal  to  memory  the  fact  that  the  specific  heat  of 
deposited  carbon,  according  to  the  experiments  of  Avogadro,  is  0"257*  against 
0*126  of  iron  (Wilcke),  it  is  not  a  difficult  matter  to  appreciate  how  greatly  such  a 
deposit  affects  the  thermal  value  of  the  fuel.  I  am  ready  to  admit  that  if  the  fuel 
(petroleum)  is  burned  as  gas  direct,  the  same  injurious  deposit  will  take  place ;  but 
in  Messrs.  Sim  &  Barff's  invention,  advocated  in  these  pages,  the  free  carbon  is 
entirely  taken  up  by  the  decomposed  water — the  elements  of  which,  oxygen  and 
hydrogen,  mix  with  the  uncombined  carbon  vapour,  and  the  mixture  is  thus  com- 
pletely burnt. 

Mr.  Richardson  is  quite  right  in  asserting  that  only  a  certain  portion  of  the  oil 
"submits  to  be  vaporised,"  and  that  the  rest  forms  a  residuum  ;  I  indorse  this 
statement  when  the  oil  is  vaporized  alone!  but  not  when  another  liquid,  such  as 
watei^  is  decomposed  with  it,  eodem  in  tempore  et  situ!  and  the  chief  advantage 
gained  by  the  decomposition  of  water  therewith  is,  that  the  oil  is  completely  burnt, 
and  the  absorbent  surfaces  of  the  boiler  kept  perfectly  clean  for  any  length  of  time. 
It  may  with  all  justice  be  argued,  that  the  decomposition  of  water  is  effected  at  a 
great  sacrifice  of  the  thermal  effect  of  the  fuel ;  reasoning  a  priori  this  is  the  case, 
but  when  it  is  remembered  that  the  whole  of  the  heat  is  restored  as  the  gaseous 
mixture  burns,  the  loss  no  longer  appears. 

The  latter  remarks  of  your  correspondent's  letter  are  scarcely  worth  comment,  and 
I  certainly  had  thought  that  the  merits  of  Mr.  Richardson's  invention  for  pro- 
tecting vessels  of  war,  "the  large  luminary  and  a  host  of  satellites,"  had  been 
fully  and  fairly  discussed  years  ago  in  the  pages  of  a  contemporary;  for  myself,  I 
see  no  benefit  in  re-entering  upon  the  topic. 

St.  JOHN  V.  DAY. 
*  "Ann.  de  Chem.  et  de  Phys,"  lv.  92. 


PROCEEDINGS    OF   SCIENTIFIC    SOCIETIES. 


BRITISH  ASSOCIATION. 
PRESIDENT'S  ADDRESS. 
Assemeled  for  the  third  time  in  this  busy  centre  of  industrious  England,  amid 
the  roar  of  engines  and  the  clang  of  hammers,  where  the  strongest  powers  of  nature 
are  trained  to  work  in  the  fairy  chains  of  art,  how  softly  falls  upon  the  ear  the 
accent  of  science,  the  friend  of  that  art,  and  the  guide  of  that  industry !  Here  where 
Priestley  analyzed  the  air,  and  Watt  obtained  the  mastery  over  steam,  it  well  becomes 
the  students  of  nature  to  gather  round  the  standard  which  they  carried  so  far  into 
the  fields  of  knowledge.  And  when,  on  other  occasions,  we  meet  in  quiet  colleges 
and  academic  halls,  how  gladly  welcome  is  the  union  of  fresh  discoveries  and  new 


inventions  with  the  solid  and  venerable  truths  which  are  there  treasured  and  taught. 
Long  may  such  union  last;  the  fair  alliance  of  cultivated  thought  and  practical 
skill ;  for  by  it  labour  is  dignified  and  science  fertilized,  and  the  condition  of  human 
society  exalted ! 

Through  this  happy  union  of  science  and  art,  the  young  life  of  the  British  Associ- 
ation—  one  third  of  a  century — has  been  illustrated  by  discoveries  and  enriched 
by  useful  inventions  in  a  degree  never  surpassed.  How  else  could  we  have  gained 
that  knowledge  of  the  laws  of  nature  which  has  added  to  the  working  strength  of  a 
thousand  millions  of  men  the  mightier  power  of  steam,*  extracted  from  the  buried 
ruins  of  primeval  forests  their  treasured  elements  of  heat  and  light  and  colour,  and 
brought  under  the  control  of  the  human  finger,  and  converted  into  a  messenger  of 
man's  gentlest  thoughts,  the  dangerous  mystery  of  the  lightning  ?t 

How  many  questions  have  we  asked — not  always  in  vain — regarding  the  con- 
stitution of  the  earth,  its  history  as  a  planet,  its  place  in  creation  ?  now  probing 
with  sharpened  eyes  the  peopled  space  around — peopled  with  a  thousand  times  ten 
thousand  stars;  now  floating  above  the  clouds  in  colder  and  clearer  air;  now 
traversing  the  polar  ice — the  desert  sand — the  virgin  forest — the  unconquered 
mountain ;  now  sounding  the  depths  of  the  ocean,  or  diving  into  the  dark  places  of 
the  earth.  Everywhere  curiosity,  everywhere  discovery,  everywhere  enjoyment, 
everywhere  some  useful  and  therefore  some  worthy  result.  Life  in  every  form,  of 
every  grade,  in  every  stage ;  man  in  every  clime  and  under  all  conditions ;  the  life 
that  now  surrounds  us,  and  that  which  has  passed  away — these  subjects  of  high 
contemplation  have  been  examined  often,  if  not  always,  in  the  spirit  of  that  philo- 
sophy which  is  slowly  raising,  on  a  broad  security  of  observed  facts,  sure  inductions, 
and  repeated  experiments,  the  steady  columns  of  the  temple  of  physical  truth. 

Few  of  the  great  branches  of  the  study  of  nature  on  which  modern  philosophy  is 
intent  were  left  unconsidered  in  the  schools  of  Athens;  hardly  one  of  tbem  was  or 
indeed  could  be  made  the  subject  of  accurate  experiment.  The  precious  instruments 
of  exact  research — the  measures  of  time,  and  space,  and  force,  and  motion — are  of 
very  modern  date.  If  instead  of  the  few  lenses  and  mirrors  of  which  traces  appear 
in  Greek  and  Roman  writers,  J  there  had  been  even  the  first  Galilean  or  the  smallest 
Newtonian  telescope  in  the  hands  of  Hipparchus,  Eratosthenes,  or  Ptolemv,  would 
it  have  been  left  to  their  remote  successors  to  be  still  straggling  with  the  elements  of 
physical  astronomy,  and  waiting  with  impatience  till  another  quarter  of  a  century 
shall  have  rolled  away  and  given  us  one  more  good  chance  of  measuring  the  dis- 
tance of  the  Sun  by  the  transit  of  Venus  ?  Had  such  instruments  as  Wheatstone's 
Chronoscope  been  invented,  would  it  have  been  left  to  Foucault  to  condense  into  his 
own  apartment  an  experimental  proof  of  the  velocity  of  light,  and  within  a  tract  of 
thirty  feet  to  determine  the  rate  of  its  movement  through  all  the  vast  planetary 
space  of  millions  and  thousands  of  millions  of  miles,  more  exactly  than  had  been 
inferred  by  astronomers  from  observations  of  the  satellites  of  Jupiter?  §  By  this 
experiment  the  velocity  of  light  appears  to  be  less,  sensibly  less,  than  was  previously 
admitted  ;  and  this  conclusion  is  of  the  highest  interest.  For,  as  by  assuming  too 
long  a  radius  for  the  orbit  of  Jupiter  the  calculated  rate  of  light-movement  was  too 
great ;  so  now  by  employing  the  more  exact  rate  and  the  same  measures  of  time  we 
can  correct  the  estimated  distance  of  Jupiter  and  all  the  other  planets  from  the  sun. 
We  have  in  fact  a  really  independent  measure  of  planetary  space ;  and  it  concurs  with 
observations  of  the  parallax  of  Mars,  in  requiring  a  considerable  reduction  of  the 
assumed  diameters  of  the  planetary  paths.  The  distance  of  the  earth  from  the  snn 
must  be  reduced  from  above  ninety-rive  to  less  than  ninety-three  millions  of  miles, 
and  by  this  scale  the  other  space  measures  of  the  solar  system,  excepting  the 
diameter  of  the  earth  and  the  distance  and  diameter  of  the  moon,  may  be  corrected.  [[ 

The  light  and  heat  which  are  emitted  from  the  sun  reach  the  earth  without 
great  diminution  by  the  absorptive  action  of  the  atmosphere ;  but  the  waste  of  heat 
from  the  surface  of  our  planet  through  radiation  into  space  is  prevented,  or  rather 
lessened,  by  this  same  atmosphere.  Many  transparent  bodies  admit  freely  heat-rays 
derived  from  a  source  of  high  temperature,  but  stop  the  rays  which  emanate  from 
bodies  only  slightly  warmed.  The  atmosphere  possesses  this  quality  in  a  remarkable 
degree,  and  owes  it  to  the  presence  of  diffused  water  and  vapour — a  fact  which  Dr. 
Tyndall  has  placed  in  the  clear  light  of  complete  and  varied  experiment.  ^[  The 
application  of  this  truth  to  the  history  of  the  earth  and  of  the  other  planets  is  obvious. 
The  vaporous  atmosphere  acts  like  warm  clothing  to  the  earth.  By  an  augmented 
quantity  of  vapour  dissolved,  and  water  suspended  in  the  air,  the  waste  of  surface- 
heat  of  the  earth  would  be  more  impeded;  the  soil,  the  water,  and  the  lower  parts 
of  the  atmosphere  would  grow  warmer;  the  climates  would  be  more  equalized;  the 
general  conditions  more  like  what  has  been  supposed  to  be  the  state  of  land,  sea,  and 
air  during  the  geological  period  of  the  Coal-measures. 


*  The  quantity  of  coal  dug  in  Great  Britain  in  the  year  1S64  appears  by  the  returns  of 
Mr.  R.  Hunt  to  have  been  92,787,873  tons.  This  would  yield,  if  employed  in  steam- 
engines  of  good  construction,  an  amount  of  available  force  about  equal  to  that  of  tbe 
whole  human  race.  But  in  the  combustion  of  coal  not  less  than  ten  times  this  amount 
of  force  is  actually  set  free — nine-tenths  being  at  present  unavailable,  according  to  the 
statement  of  Sir  Wm.  Armstrong,  in  his  Address  to  the  Meeting  at  Newcastle,  in  1S63. 

f  The  definite  magnetic  effect  of  an  electrical  current  was  the  discovery  of  Oersted  in 
1819;  Cook  &  Wheatstone's  patent  for  an  Electric  Telegraph  is  dated  in  1S37;  the  first 
message  across  the  Atlantic  was  delivered  in  185S.     Tantffi  molis  erat. 

\  The  effect  of  lenses  or  globes  of  glass  or  crystal  (ua>*o;)  in  collecting  tbe  solar  rays 
to  a  point  are  fiimiliarly  referred  to  by  Aristophanes  in  the  Nubes,  766;  and  the  orna- 
mental use  of  convex  and  concave  reflectors  is  known  by  the  curious  discussions  in  the 
IVth  Book  of  Lucretius. 

§  Fizeau  performed  experiments  on  the  velocity  of  light  between  Suresnes  and  the 
Butte  Montmartre,  by  means  of  the  oxy-hydrogen  light,  reflected  back  in  its  own  path. 

The  space  was  28,324  ft.  Engl.    Twice  this  distance  was  traversed  in  -— ■-  of  a  second 

=  167,528  geogr.  miles  in  a  second.  From  observations  of  Jupiter's  Satellites  Delambre 
inferred  167,976  miles,  Struve  166,096.  The  experiment  of  M.  Foucault  gives  298,000,000 
metres  =  160,020  geogr.  miles. 

||  Estimates  of  the  earth's  distance  from  the  sun  have  varied  much  Cassini  and 
Flamsteed,  using  observations  of  the  parallax  of  Mars,  ascribe  it  to  ten  or  eleven 
thousand  diameters  of  the  earth  =  79  or  89  millions  of  miles.  Huyghens  est  una  ted  it  at 
twelve  thousand  =  95  millions  of  miles.  In  1745,  Buffon  reported  it  as  the  common 
opinion  of  astronomers  at  30  millions  of  leagues  (Fr.)  =  90  millions  miles  (Engl.),  but 
after  the  transit  of  Venus  in  1769,  he  allowed  33  millions.  Such  w,as  tbe  effect  of  that, 
now  supposed  erroneous  experiment  on  the  opinions  of  astronomers.  (Epoques  de  la 
Nature.) 

1J  Proc.  of  Roy.  Soc.  1861.    The  Rumford  Medal  was  adjudged  to  Dr.  Tyndall  in  1864. 
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Such  an  augmentation  of  the  watery  constituents  in  the  atmosphere  would  he 
a  natural  consequence  of  that  greater  flow  of  heat  from  the  interior,  which  by  many 
geologists,  mathematicians,  and  chemists  is  supposed  to  have  happened  in  the  earlier 
periods  of  the  history  of  the  earth. 

By  the  same  considerations  we  may  understand  how  the  planet  Mars,  which 
receives  not  half  so  much  heat  from  the  sun  *  as  the  earth  does,  may  yet  enjoy, 
as  in  fact  it  seems  to  enjoy,  nearly  a  similar  climate,  with  snows  alternately  gather- 
ing on  one  or  the  other  of  its  poles,  and  spreading  over  large  spaces  around,  but 
not,  apparently,  beyond  the  latitude  of  50°  or  40°;  the  equatorial  band  of  30° 
or  40°  North  or  South  being  always  free  from  snow-masses  bright  enough  and 
large  enough  to  catch  the  eye  of  the  observer.  Mars,  may,  therefore,  be  inhabited, 
and  we  may  see  in  the  present  state  of  this  inquiry  reason  to  pause  before  refusing 
the  probability  of  any  life  to  Jupiter  and  even  more  distant  planets. 

The  history  of  suns  and  planets  is  in  truth  the  history  of  the  effects  of  light 
and  heat  manifested  in  them,  or  emanating  from  them.  Nothing  in  the  universe 
escapes  their  influence ;  no  part  of  the  space  is  too  distant  to  be  penetrated  by  their 
energy;  no  kind  of  matter  is  able  to  resist  their  transforming  agency.  Many  if  not 
all  the  special  forces  which  act  in  the  particles  of  matter  are  found  to  be  reducible 
into  the  general  form  of  heat;  as  this  is  convertible  and  practically  is  converted 
into  proportionate  measures  of  special  energy.  Under  this  comprehensive  idea  of 
convertibility  of  force,  familiar  to  us  now  by  the  researches  of  Joule, t  the  reasonings 
of  Grove  J  and  Helmholtz,  and  the  theorems  of  Rankine,§  it  has  been  attempted 
by  Mayer,  Wateraton,  and  Thompson  ||  to  assign  a  cause  for  the  maintenance  of 
the  heat-giving  power  of  the  sun  in  the  appulse  of  showers  of  aerolites  and  small 
masses  of  matter,  and  the  extinction  of  their  motion  on  the  surface  of  the  luminary. 
By  calculations  of  the  same  order,  depending  on  the  rate  of  radiation  of  heat  into 
space,  the  past  antiquity  of  the  earth  and  the  future  duration  of  sunshine  have  been 
expressed  in  thousands  or  millions  of  centuries.^  In  like  manner  the  physical 
changes  on  the  sun's  disc,  by  which  portions  of  his  darkly  heated  body  become  visible 
through  the  luminous  photosphere,  have  been  connected,  if  not  distinctly  as  a  cause, 
certainly  as  a  coincident  phenomenon,  with  particular  magnetic  disturbances  on 
the  surface  of  the  earth ;  the  solar  spots  and  the  magnetic  deflections  concurring 
in  periods  of  maxima  and  minima  of  ten  or  eleven  years'  duration.  Thus  even  these 
aberrant  phenomena  become  part  of  that  amazing  system  of  periodical  variation 
which  Sabine  and  his  fellow-labourers,  British,  French,  German,  Russian,  and 
American,  have  established  by  contemporaneous  observation  over  a  large  part  of  the 
globe" 

With  every  change  in  the  aspect  and  position  of  the  sun,  with  every  alteration 
in  the  place  and  attitude  of  the  moon,  with  every  passing  hour,  the  magnetism  of 
the  earth  submits  to  regular  and  calculable  deviation.  Through  the  substance  of 
the  ground,  and  across  the  world  of  waters,  Nature,  ever  the  beneficent  guide  to 
Science,  has  conveyed  her  messages  and  executed  her  purposes,  by  the  electric 
current,  before  the  discovery  of  Oersted  and  the  magical  inventions  of  Wheatstone 
revealed  the  secret  of  her  work. 

Even  radiant  light  in  the  language  of  the  new  philosophy  is  conceived  of  by 
Maxwell  f|  as  a  form  of  electro-magnetic  motion.  And  thus  the  imponderable, 
all-pervading  powers,  by  which  molecular  energy  is  excited  and  exchanged,  are 
gathered  into  the  one  idea  of  restless  activity  among  the  particles  of  matter:  — 

...icterno  percita  motu : 

ever  moving  and  being  moved,  elements  of  a  system  of  perpetual  change  in  every 
part,  and  constant  preservation  of  the  whole. 

What  message  comes  to  us  with  the  light  which  springs  from  the  distant  stars,  and 
shoots  through  the  depths  of  space  to  fall  upon  the  earth  after  tens,  or  hundreds, 
or  thousands  of  years?  It  is  a  message  from  the  very  birthplace  of  light,  and  tells 
us  what  are  the  elementary  substances  which  have  influenced  the  refraction  of  the 
ray.  Spectral  analysis,  that  new  and  powerful  instrument  of  chemical  research 
for  which  we  are  indebted  to  Kirchhoff,  has  been  taught  by  our  countrymen  to  scru- 
tinize not  only  planets  and  stars,  but  even  to  reveal  the  constitution  of  the  nebula?, 
those  mysterious  masses  out  of  which  it  has  been  thought  new  suns  and  planets 
might  be  evolved — nursing-mothers  of  the  stars.  For  a  time  indeed,  the  resolution 
of  some  nebulae,  by  the  giant  mirror  of  Lord  Rosse,  afforded  ground  for  opposing  the 
speculation  of  Herschel  and  the  reasoning  of  Laplace,  which  required  for  their  start- 
ing-point the  admission  of  the  existence  of  thin  gaseous  expansions,  with  or  without 
points  or  centres  of  incipient  condensation,  with  or  without  marks  of  internal  move- 
ment. The  latest  results,  however,  of  spectral  analysis  of  stars  and  nebulas  by 
Mr.  Huggins  and  Professor  W.  A.  Miller,  have  fairly  restored  the  balance.  The 
nebula?  are  indeed  found  to  have  in  some  instances  stellar  points,  but  they  are  not 
stars;  the  whole  resembles  an  enormous  mass  of  luminous  gas,  with  an  interrupted 
spectrum  of  three  lines,  probably  agreeing  with  nitrogen,  hydrogen,  and  a  substance 
at  present  unknown. §§  Stars  tested  by  the  same  accurate  hands  are  found  to  have 
a  constitution  like  that  of  our  own  sun,  and,  like  it,  to  show  the  presence  of  several 

*  The  proportion  is  about  —  according  to  the  received  measure  of  the  mean  distance. 

t  Phil.  Mag.  1813;  Reports  of  the  British  Association,  1815;  Trans,  of  the  Royal 
Society,  1650. 

t  Grove  on  the  Correlation  of  Physical  Forces,  1S4G. 

5  Rankine,  Trans,  of  the  Royal  Society  of  Edinburgh,  1850-1 ;  Phil.  Trans.  1S54. 

II  Communication  to  the  Royal  Society  of  Edinburgh,  1854. 

^f  Professor  Thomson  assigns  to  the  sun's  heat,  supposing  it  to  be  maintained  by  the 
appulse  of  masses  of  matter,  a  limit  of  300,000  years;  and  to  the  period  of  cooling  of  the 
earth  from  universal  fusion  to  its  actual  state,  98,000,000  years.  These  are  the  lowest 
estimates  sanctioned  by  any  mathematician. 

**  Among  the  interesting  researches  which  have  been  undertaken  on  the  subject  of  the 
spots,  may  be  mentioned  those  of  Wolf  (Comptes  rendus,  1859),  who  finds  the  number 
and  periodicity  of  the  spots  to  be  dependent  on  the  position  of  Venus,  the  Earth,  Jupiter, 
and  Saturn.  Stewart  has  made  a  special  study  of  the  relation  of  the  spots  to  the  path 
of  Venus  (Proc.  of  the  Roy.  Soc.  18(54);  and  Chacornac  is  now  engaged  in  unfolding  his 
conception  of  the  spots  as  the  visible  effect  of  volcanic  excitement.  The  peculiar  features 
of  the  solar  surface  are  under  examination  by  these  and  other  good  observers;  such  as 
Dawes,  Nasmyth,  Secchi.  Stone,  Fletcher,  and  Lockyer. 

tt  Proc.  of  Roy.  Soc.  1S64.  The  elder  Herschel  appears  to  have  regarded  the  light  of 
the  sun  and  of  the  fixed  stars  as  perhaps  the  effect  of  an  electro-magnetic  process— a 
perpetual  aurora. 

gg  Proc.  Roy.  Soc.  and  Phil.  Trans.  1SG4. 


terrestrial  elements — as  sodium,  magnesium,  iron,  and  very  often  hydrogen.  While 
in  the  moon  and  Venus  no  lines  whatever  are  found  due  to  an  atmosphere,  in 
Jupiter  and  Saturn,  besides  the  lines  which  are  identical  with  some  produced  in  our 
own  atmosphere,  there  is  one  in  the  red,  which  may  be  caused  by  the  presence  of  some 
unknown  gas  or  vapour.  Wars  is  still  more  peculiar,  and  enough  is  ascertained  to 
discountenance  the  notion  of  his  redness  being  due  to  a  peculiarity  of  the  soil.* 

To  aid  researches  into  the  condition  of  celestial  bodies,  the  new  powers  of 
light,  discovered  by  Niepce,  Daguerre,  and  Talbot,  have  been  employed  by  Bond, 
Draper,  De  la  Rue,  and  other  astronomers.  To  our  countryman,  in  particular, 
belongs  the  honour  of  successful  experiments  on  the  rose-coloured  flames  which 
extend  from  certain  points  of  the  sun's  border  during  an  eclipse ;  as  well  as  of  valu- 
able contributions  through  the  same  agency  to  that  enlarged  survey  of  the  physical 
aspect  of  the  moon,  which  since  1S52  the  Association  has  striven  to  promote.  By 
another  application  of  the  same  beautiful  art,  in  connection  with  clock-work,  the 
momentary  changes  of  magnetic  force  and  direction,  the  variations  of  temperature, 
the  fluctuations  of  atmospheric  pressure,  the  force  of  the  wind,  the  fall  of  rain, 
the  proportion  of  ozone  in  the  air,  are  registered  in  our  observatories;  and  thus  the 
inventions  of  Ronalds  and  his  successors  have  engaged  the  solar  rays  in  measuring 
and  comparing  contemporaneous  phenomena  of  the  same  order  over  large  parts 
of  the  globe — phenomena  some  of  which  are  occasioned  by  those  very  rays. 

As  we  ascend  above  the  earth,  heat,  moisture,  and  magnetic  force  decrease,  the 
velocity  of  wind  augments,  and  the  proportion  of  oxygen  and  nitrogen  remains  the 
same.  The  decrease  of  heat  as  we  rise  into  the  air  is  no  new  subject  of  inquiry, 
nor  have  the  views  respecting  it  been  very  limited  or  very  accordant.  Leslie  con- 
sidered it  mathematically  in  relation  to  pressure ;  Humboldt  gave  the  result  of  a  large 
inquiry  at  points  on  the  earth's  surface  unequally  elevated  above  the  sea ;  and  finally, 
Mr.  Glaisher  and  Mr.  Coxwell,  during  many  balloon  ascents  to  the  zones  of  life- 
destroying  cold,  far  above  our  mountain  tops,  have  obtained  innumerable  data,  in  all 
seasons  of  the  year,  through  a  vast  range  of  vertical  height.  The  result  is  to  show 
much  more  rapid  decrease  near  the  earth,  much  slower  decrease  at  great  elevations; 
thus  agreeing  in  general  with  the  view  of  Leslie,  and  yet  throwing  no  discredit  on 
the  determinations  of  Humboldt,  which  do  not  refer  to ,  the  free  atmospheric 
ocean,  but  to  the  mere  borders  of  it  where  it  touches  the  earth,  and  is  influenced 
thereby,  f 

The  proportion  of  carbonic  acid  gas  in  the  atmosphere  at  great  heights  is  not 
yet  ascertained :  it  is  not  likely  to  be  the  same  as  that  generally  found  near  the  earth  ; 
but  its  proportion  may  be  more  constant,  since  in  those  regions  it  is  exempt  from  the 
influence  of  the  actions  and  re-actions  which  are  always  in  progress  on  the  land  and 
in  the  water,  and  do  not  necessarily  compensate  one  another  at  every  place  and  at 
every  moment. 

Other  information  bearing  on  the  constitution  of  the  atmosphere  comes  to  us  from 
the  auroral  beams  and  other  meteoric  lights  known  as  shooting  stars.  For  some  of 
these  objects  not  only  appear  at  heights  of  10,  50,  and  100  or  more  miles  above 
the  earth,  but  at  the  height  of  50  miles  it  is  on  record,  that  shooting  stars  or  fire- 
balls have  left  waving  trains  of  light,  whose  changes  of  form  were  in  seeming  accord- 
ance to  varying  pressure  in  the  elevated  and  attenuated  atmosphere.  J 

Researches  of  every  kind  have  so  enriched  meteorology  since  our  early  friend, 
Professor  J.  Forbes,  printed  his  suggestive  reports  on  that  subject,  and  so  great  have 
been  the  benefits  conferred  on  it  by  the  electric  telegraph,  that  at  this  moment  inM. 
Leverrier's  observatory  at  Paris,  and  the  office  so  lately  presided  over  by  Admiral 
Fitzroy  in  London,  the  messages  are  arriving  from  all  parts  of  Europe  to  declare 
the  present  weather,  and  furnish  grounds  for  reasonable  expectation  of  the  next  prob- 
able change.  Hardly  now  within  the  seas  of  Europe  can  a  cyclone  begin  its  career 
of  devastation,  before  the  warning  signal  is  raised  in  our  sea-ports,  to  restrain  the 
too  confident  sailor.  The  gentle  spirit  which  employed  this  knowledge  in  the  cause 
of  humanity  has  passed  away,  leaving  an  example  of  unselfish  devotion,  in  a  work 
which  must  not  fail  through  any  lack  of  energy  on  the  part  of  this  Association,  the 
Royal  Society,  or  the  Government.  We  must  extend  these  researches  and  enlarge 
these  benefits  by  the  aid  of  the  telegraph  bringing  the  ends  of  the  world  together. 
Soon  may  that  thread  of  communication  unite  the  two  great  sections  of  the  Anglo- 
Saxon  race,  and  bring  and  return  through  the  broad  Atlantic  the  happy  and  mutual 
congratulations  for  peace  restored  and  friendships  renewed. 

The  possible  combinations  of  force  by  which,  in  the  view  we  have  been  consider- 
ing, the  characteristic  forms  and  special  phenomena  of  solid,  liquid,  and  gaseous 
matter  are  determined,  may  be  innumerable.  Practically,  however,  they  appear  to 
be  limited,  as  natural  products,  to  less  than  one  thousand  distinguishable  com- 
pounds, and  less  than  one  hundred  §  elementary  substances.  Of  these  elements 
the  most  prevalent  are  few  on  the  earth ;  as  of  gases,  oxygen,  hydrogen,  nitrogen ; 
of  solids,  silicon,  calcium,  magnesium,  sodium,  iron;  and  it  is  interesting  to  learn  by 
analysis  of  the  light  of  stars  and  planets,  that  these  substances,  or  some  of  them, 
are  found  in  most  of  the  celestial  objects  yet  examined,  and  that,  except  in  one  or 
two  instances,  no  other  substances  have  been  traced  therein.  Even  the  wandering 
meteoric  stones,  which  fall  from  their  courses,  and  are  examined  on  the  earth,  betray 
only  well-known  mineral  elements,  though  in  the  manner  in  which  these  are  com- 
bined, some  differences  appear,  which  by  chemical  research  and  the  aid  of  trans- 
parent sections  Professor  Maskelyne  and  Sir.  Sorby  are  engaged  in  studying  and 
interpreting.  || 

By  the  labours  of  Lavoisier  and  his  contemporaries,  chemistry  acquired  a  fixed 
logic  and  an  accurate  nomenclature.  Dalton  and  the  great  physicists  of  the  early 
part  of  this  century  gave  that  law  of  definite  combination  by  proportionate  weights 

*  Phil.  Trans.  1SG4. 

t  Reports  of  the  British  Association  for  1SG2, 1863, 1864. 

j  This  is  the  result  of  a  careful  discussion  made  by  myself  of  observations  on  a  meteor 
seen  from  Rouen  to  Yorkshire,  and  from  Cornwall  to  Kent,  Jan.  7, 1856. 

g  At  the  present  moment  the  number  of 'elementary  substances'  is  sixty-one. 

||  Professor  Maskelyne  has  made  a  convenient  classification  of  the  large  collection  of 
meteorites  in  the  British  Museum,  under  the  titles  of  "Aerolite  or  Meteoric  Stone;'1 
"  Ae'rosiderite  or  Meteoric  Iron;11  and  "  Aerosiderolites,"  which  includes  the  intervening 
varieties.  Mr.  Sorby,  whose  latest  results  are  unpublished,  but  will  be  communicated 
to  the  Royal  Society,  is  of  opinion  that  the  substance  of  meteorites  has  undergone 
changes  due  to  physical  conditions  in  some  ancient  period  not  now  to  be  paralleled  on 
our  planet,  or  on  the  moon,  but  rather  to  be  looked  for  only  in  the  immediate  neighbour- 
hood of  the  sun.    Professor  Haidinger  has  also  made  a  special  study  of  meteorites. 
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of  the  elements  which  is  for  chemistry  what  the  law  of  gravitation  is  for  celestial 
mechanics.  A  great  expansion  of  the  meaning  of  the  atomic  theory  took  place, 
when  Mitscherlich  announced  his  views  of  isomorphous,  isomeric,  and  dimorphous 
bodies.  For  thus  it  came  gradually  to  appear  that  particular  forces  resided  in  cry- 
stals in  virtue  of  their  structure,  lay  in  certain  directions,  and  exhibited  definite 
physical  effects,  it*  the  chemical  elements,  without  being  the  same,  were  combined  in 
similar  proportions,  and  aggregated  into  similar  crystals.  Some  years  later,  ozone 
was  discovered  by  Schunbein,  and  it  concurred  with  a  few  other  allotropic  substances 
in  reviving,  among  philosophic  chemists,  the  inquiry  as  to  the  relative  situation  of 
the  particles  in  a  compound  body,  and  the  effects  of  such  arrangements:  an  idea 
which  had  been  expressed  by  Dalton  in  diagrams  of  atoms,  and  afterwards  exer- 
cised the  ingenuity  of  Exley,  Macvicar,  and  others.* 

Everything  connected  with  this  view  of  the  modification  of  physical  properties  by 
the  arrangement  of  the  particles — whether  elementary  or  compound — is  of  the 
highest  importance  to  mineralogy,  a  branch  of  study  by  no  means  so  much  in  favour 
even  with  chemists  as  its  own  merits  and  its  collateral  bearings  might  justly  deserve. 
Yet  it  is  in  a  great  measure  by  help  of  this  branch  of  study  that  the  opinions  now 
current  regarding  mefamorphisin  of  rocks  in  situ,  and  the  formation  of  mineral  veins, 
must  acquire  that  solid  support  and  general  consent  which  at  present  they  do  not 
possess.  Crystals,  indeed,  whether  regarded  as  to  their  origin  in  nature,  their  fabri- 
cation by  art,  or  their  action  on  the  rays  of  light,  the  waves  of  heat  and  sound,  and 
the  distribution  of  electricity,  have  not  been  neglected  by  the  Association  or  its 
members.  In  one  of  the  earliest  Reports,  Dr.  Whewell  calls  attention  to  the  state 
of  crystallographical  theory,  and  to  the  artificial  production  of  crystals ;  and  in 
another  Report,  Professor  Johnston  notices  epigene  and  pseudomorphous  crystalli- 
zation ;  and  for  many  years,  at  almost  every  meeting,  new  and  brilliant  discoveries 
in  the  action  of  crystals  on  light  were  made  known  by  Brewster,  t  and  compared 
with  the  undulutory  theory  by  Herschel,  MacCullagh,  Airy,  Hamilton,  Whewell, 
Powell,  Challis,  Lloyd,  and  Stokes. 

The  unequal  expansion  of  crystals  by  heat,  in  different  directions,  first  observed 
by  Mitscherlich,  has  been  carefully  examined  in  the  cases  of  sulphate  and  carbonate 
of  lime  by  Professor  W,  H.  Miller,  J  who  has  also  considered  their  elasticity,  origin- 
ally measured  in  different  relations  to  the  axis  by  Savart.  These  and  many  other 
interesting  relations  of  crystals  have  been  attended  to ;  but  the  Association  has  not 
yet  succeeded  in  obtaining  a  complete  digest  of  the  facts  and  theories  connected 
with  the  appearance  of  crystals  in  nature — in  the  fissures  of  rocks  ;  in  the  smaller 
cavities  of  rocks  ;  in  the  solid  substance  or  liquid  contents  of  other  crystals.  Such 
an  inquiry,  however,  it  did  earnestly  demand,  and  some  steps  have  been  taken  by 
our  own  chemists,  mineralogists,  aud  geologists.  But  more  abundant  information 
on  this  class  of  subjects  is  still  needed,  even  after  the  admirable  contributions  aud 
recent  discoveries  of  Bischof,  Delesse,  and  Daubre'e.  § 

Within  our  Association-period  both  the  nomenclature  of  chemistry  and  the  con- 
ception of  the  atomic  theory  have  received,  not  indeed  a  change,  but  such  an  addition 
to  its  ordinary  expression  as  the  more  general  language  and  larger  meaning  of  alge- 
bra have  conferred  on  commmon  arithmetical  values.  The  theory  of  compound 
radicals,  as  these  views  of  Liebig,  Dumas,  and  Hofmann  may  be  justly  termed, 
embraces  the  consideration  of  gronps  of  elements  united  in  pairs  by  the  ordinary 
law,  these  groups  being  for  the  purpose  in  hand  treated  as  single  elements  of  com- 
bination. The  nomenclature  which  attempts  in  ordinary  words  to  express  these 
relations  grows  very  unmanageable  even  in  languages  more  easily  capable  of 
polysyllabic  combinations  than  ours;  but  symbols  of  composition — the  true  lan- 
guage of  chemistry — are  no  more  embarrassed  in  the  expression  of  these  new  ideas 
than  are  the  mathematical  symbols  which  deal  with  operations  of  much  greater 
complexity  on  quantities  more  various  and  more  variable.  ||  The  study  of  these 
compound  radicals  comes  in  aid  of  experimental  research  into  those  numerous  and 
complex  substances  which  appear  as  the  result  of  chemical  transformations  in  organic 
bodies.  Thus,  in  some  instances,  the  very  substances  have  been  recomposed  by 
art  which  the  vital  processes  are  every  moment  producing  in  nature  ;  in  others  the 
steps  of  the  process  are  clearly  traced ;  in  all  the  changes  become  better  understood 
through  which  so  great  a  variety  of  substances  and  structures  are  yielded  by  one 
circulating  fluid ;  and  the  result  is  almost  a  new  branch  of  animal  and  vegetable 
physiology,  not  less  important  for  the  health  of  mankind  than  essential  to  the  pro- 
gress of  scientific  agriculture. 

The  greater  our  progress  in  the  study  of  the  economy  of  nature,  the  more  she 
unveils  herself  as  one  vast  whole,  one  comprehensive  plan,  one  universal  rule,  in  a 
yet  unexhasted  series  of  individual  peculiarities.  Such  is  the  aspect  of  this  moving, 
working,  living  system  of  force  and  law :  such  it  has  ever  been,  if  we  rightly  inter- 
pret the  history  of  our  own  portion  of  this  rich  inheritance  of  mind,  the  history  of 
that  earth  from  which  we  spring,  with  which  so  many  of  our  thoughts  are  co-ordi- 
nated, and  to  which  all  but  our  thoughts  and  hopes  will  again  return. 

How  should  we  prize  this  history  !  and  exult  in  the  thought  that  in  our  own  days, 
within  our  own  memories,  the  very  foundations  of  the  series  of  strata,  deposited  in 
the  beginning  of  time,  have  been  explored  by  our  living  friends,  our  Murchison  and 
Sedgwick  ,  while  the  higher  and  more  complicated  parts  of  the  structure  have  been 
minutely  examined  by  our  Lyell,  Forbes,  and  Prestwich  !^[  How  instructive  the 
history  of  that  long  series  of  inhabitants  which  received  in  primeval  times  the  gift 
of  life,  and  filled  the  land,  sea,  and  air  with  rejoicing  myriads,  through  innumerable 

*  Dalton,  Chemistry,  vol.  i.  1808.  A  clear  view  of  the  simpler  application  of  Dalton's 
ideas  is  given  by  the  illustrious  author  in  Daubeny's  Treatise  on  the  Atomic  Theory, 
1S50.  ' 

Esley.  Nat.  and  Exp.  Philosphy,  1820, 

MacVicar,  Reports  of  the  British  Association  for  1855. 

*  -Sir  David  Brewster  must  be  considered  as  in  a  degree  the  creator  of  the  science 
which,  studies  the  mutual  dependence  of  optical  properties  and  crystalline  forms."— 
(Whewell,  in  Report  on  Mineralogy,  Brit.  Association,  1832,  p.  336). 

J  Rep.  Proc.  1837,  pp.  43,  44. 

^  Bischof,  Chemical  Geology  (published  by  the  Cavendish  Society,  1856). 

Delesse,  Etudes  sur  le  MtHamorphisme,  1858,  and  other  works. 

Danbree,  Sur  la  Relation  des  Sources  Thermales  des  Plombieres,  avec  les  Filons 
Metallifertis  et  la  Formatinn  dea  Zeolithes,  185S,  and  other  works. 

i;  <Jn  the  Nomenclature  of  Organic  Compounds,  by  Dr.  Daubeny.  Reports  of  British 
Association,  1851. 

*i  The  investigations  of  Murchison  and  Sedgwick  in  the  Cambrian  and  Silurian  Strata 
began  in  1831;  the  views  of  Sir  C.  Leyll  on  Tertiary  periods  were  made  known  in  1829. 


revolutions  of  the  planet,  before  in  the  fullness  of  time  it  pleased  the  Giver  of  all 
good  to  place  man  upon  the  earth,  and  bid  him  look  up  to  heaven. 

Wave  succeeding  wave,  the  forms  of  ancient  life  sweep  across  tiie  ever-chan<rinc 
surface  of  the  earth;  revealing  to  us  the  height  of  the  land,  the  depth  of  the 
the  quality  of  the  air,  the  course  of  the  rivers,  the  extent  of  the  forest,  the  system  of 
life  and  death — yes,  the  growth,  decay,  and  death  of  individuals,  the  beginning  and 
ending  of  races,  of  many  successive  races  of  plants  and  animals,  in  seas  now  dried, 
on  sand-banks  now  raised  into  mountains,  on  continents  now  sunk  beneath  the 
waters. 

Had  that  series  a  beginning?  Was  the  earth  ever  uninhabited,  after  it  became 
a  globe  turning  on  its  axis  and  revolving  round  the  sun  ?  Was  there  ever  a  period 
since  land  and  sea  were  separated — a  period  which  we  can  trace — when  the  land 
was  not  shaded  by  plants,  the  ocean  not  alive  with  animals?  The  answer,  as  it 
comes  to  us  from  the  latest  observation,  declares  that  in  the  lowest  deposits  of  the 
most  ancient  seas  in  the  stratified  crust  of  the  globe,  the  monuments  of  life  remain. 
They  extend  to  the  earliest  sediments  of  water,  now  in  part  so  changed  as  to  appear 
like  the  products  of  fire.  What  life  ?  Only  the  simpler  and  less  specially  organ- 
ized fabrics  have  as  yet  rewarded  research  among  these  old  Laurentian  rocks — only 
the  aggregated  structures  of  Foraminifera  have  been  found  in  what,  for  the  present 
at  least,  must  be  accepted  as  the  first  deposits  of  the  oldest  sea.  The  most  ancient 
of  all  known  fossils,  the  Eozoon  Canadense  of  Sir.  W.  Logan,  is  of  thia  low,  we  may 
even  say  lowest,  type  of  animal  organization. 

Then  step  by  step  we  are  guided  through  the  old  Cambrian  and  Silurian  systems, 
rich  in  Trilobitesand  Brachiopoda,  the  delights  of  Salter  and  Davidson;  with  Agassiz 
and  Miller  and  Egerton  we  read  the  history  of  the  strange  old  fishes  of  the  Devonian 
rocks ;  Brongniart,  and  Goppert,  and  Dawson,  and  Binney,  and  Hooker  unveil  the 
mystery  of  the  mighty  forests  now  converted  to  coal ;  Mantell  and  Owen  and  Huxley 
restore  for  us  the  giant  reptiles  of  the  Lias,  the  Oolite,  and  the  Wealden;  Edwards 
and  Wright  almost  revive  the  beauteous  corals  and  echinodermata ;  which  with  all 
the  preceding  tribes  have  come  and  gone  before  the  dawn  of  the  later  periods,  when 
fragments  of  mammoths  and  hippopotami  were  buried  in  caves  and  river  sediments 
to  reward  the  researches  of  Cuvier  and  Buckland,  Prestwich  and  Christy,  Lartet 
and  Falconer. 

And  what  is  the  latest  term  in  this  long  series  of  successive  existence  ?  Surelv 
the  monuments  of  ever-advancing  art — the  temples  whose  origin  is  in  caverns  of  the 
rocks;  the  cities  which  have  taken  the  place  of  holes  in  the  ground,  or  heaps  of 
stones  and  timber  in  a  lake;  the  ships  which  have  ontgrown  the  canoe,  as  that  was 
modelled  from  the  floating  trunk  of  a  tree — are  sullicient  proof  of  the  late  arrival  of 
man  upon  the  earth,  after  it  had  undergone  many  changes  and  had  become  adapted 
to  his  physical,  intellectual,  and  moral  nature. 

Compared  with  the  periods  which  elapsed  in  the  accomplishment  of  these  changes, 
how  short  is  the  date  of  those  yet  standing  monoliths,  cromlechs,  and  circles  of 
unhewn  stone  which  are  the  oldest  of  human  structures  raised  in  Western  Europe, 
or  of  those  more  regular  fabrics  which  attest  the  early  importance  of  the  monarchs 
and  people  of  Egypt,  Assyria,  and  some  parts  of  America !  Yet  tried  by  monu- 
ments of  natural  events  which  happened  within  tire  age  of  man,  the  human  family  is 
old  enough  in  Western  Europe  to  have  been  sheltered  by  caverns  in  the  rocks,  while 
herds  of  reindeer  roamed  in  Southern  France,*  and  bears  and  hyaenas  were  denizens 
of  the  South  of  England,  f  More  than  this,  remains  of  the  rudest  human  art  ever 
seen  are  certainly  found  buried  with  and  are  thought  to  belong  to  races  who  lived 
contemporaneously  with  the  mammoth  and  rhinoceros,  and  experienced  the  cold  of 
a  Gallic  or  British  winter,  from  which  the  woolly  covering  of  the  wild  animals  was 
a  fitting  protection. 

Our  own  annals  begin  with  the  Kelts,  if  indeed  we  are  entitled  to  call  by  that 
historic  name  the  really  separate  nations,  Belgian,  Iberian,  and  Teutonic,  whom 
the  Roman  writers  recognize  as  settlers  in  Britain  ;J  settlers  among  a  really  earlier 
family,  our  rudest  and  oldest  forefathers,  who  may  have  been,  as  they  thought  them- 
selves to  be,  the  primitive  people  of  the  land.  §  But  beyond  the  Ktkmi  who 
occupied  the  sources  of  the  Danube  and  the  slopes  of  the  Pyrenees,  and  were 
known  to  Rome  in  later  days,  there  was  present  to  the  mind  of  the  father  of  Grecian 
history  a  still  more  western  race,  the  Cynetee,  who  may  perhaps  be  supposed  the 
very  earliest  people  of  the  extreme  west  of  the  continent  of  Europe.  Were  those  the 
people,  the  first  poor  pilgrims  from  the  East,  whose  footsteps  we  are  slowly  tracing  in 
the  valleys  of  Picardy  and  the  south  of  England,  if  not  on  the  borders  of  the  lakes 
of  Switzerland  ?  Are  their  kindred  still  to  be  found  among  the  Rhsetic  Alps  and  the 
Asturian  cliffs,  if  not  amid  the  wilds  of  Connemara,  pressed  into  those  mountainous 
recesses  by  the  legions  of  Rome,  the  spear  of  the  Visigoth,  and  the  sword  of  the 
Saxon  ?  Or  must  we  regard  them  as  races  of  an  earlier  type,  who  had  ceased  to 
chip  flints  before  the  arrival  of  Saxon,  or  Goth,  or  Kelt,  or  Cynetian  ?  These  ques- 
tions of  romantic  interest  in  the  study  of  the  distribution  and  languages  of  the  fami- 
lies of  men  are  part  of  a  large  circle  of  inquiry  which  finds  sympathy  in  several  of 
our  sections,  especially  those  devoted  to  Zoology,  Physiology,  and  Ethnology.  Let 
us  not  expect  or  desire  for  them  a  very  quick,  or,  at  present,  a  very  definite  settle- 
ment. Deep  shadows  have  gathered  over  all  the  earlier  ages  of  mankind,  which 
perhaps  still  longer  periods  of  time  may  not  avail  to  remove.  Yet  let  us  not  under- 
value the  progress  of  ethnological  inquiry,  nor  fail  to  mark  how,  within  the  period 
to  which  our  recollections  cling,  the  revelations  of  early  Egypt  have  been  followed 
by  a  Chronology  of  the  ancient  kingdoms  on  the  Tigris  aud  Euphrates,  through  the 
same  rigorous  study  of  language.  Thus  has  our  Rawlinson  added  another  page  to 
the  brilliant  discoveries  of  Young  and  Champollion,  Lepsius  and  Rosellini. 

Nor,  though  obtained  in  a  different  way,  must  we  forget  the  new  knowledge  of  a 
people  nearer  home,  which  the  philosophic  mind  of  Keller  has  opened  to  us  among 
his  native  mountains.  There,  on  the  borders  of  the  Alpine  lakes,  before  the  great 
Roman  general  crossed  the  Rhone,  lived  a  people  older  than  the  Helvetians;  whoso 

*  See  the  Memoirs  of  M.  Lartet  on  the  Caves  of  the  Dordogne,  1SG3-4. 

|  In  the  caves  of  Gower,  Devon,  and  Somerset,  flint  Hakes  occur  with  several  extinct 
animals. 

%  Gallic  or  Belgian  on  the  south-east  coast;  Iberian  in  South  Wales  ;  German  at  the 
foot  of  the  Grampians.— (Tacitus,  Vita  Agricolte). 

J3  "Britannicffi  pars  interior  ab  iis  incolitur,  qnos  natos  in  insula  ipsa  memoria  pro- 
ditum  dicunt."— (Cffisar,  v.  12.) 
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rude  lives,  passed  in  hunting  and  fishing,  were  nevertheless  marked  by  some  of  the 
many  inventions  which  everywhere,  even  in  the  most  untavourable  situations,  accom- 
pany the  least  civilized  of  mankind.  Implements  of  stone  and  pottery  of  the  rudest 
sort  belong  to  the  earliest  of  these  people ;  while  ornamented  iron  weapons  of  war, 
and  innumerable  other  fabrics  in  that  metal,  appear  about  the  later  habitations,  and 
correspond  probably  to  the  period  of  the  true  Helvetii,  who  quitted  their  home  and 
contended  with  Cassar  for  richer  settlements  in  Gaul.  The  people  of  whom  these  are 
the  traces  on  almost  every  lake  in  Switzerland  are  recognized  as  well  in  the  ancient 
lake-basins  of  Lombardy  and  among  the  Tyrolean  Alps,  and  farther  on  the  north 
side  of  the  mountains ;  and  probably  fresh  discoveries  may  connect  them  with  the 
country  of  the  Sarmatians  and  the  Scythians. 

Thus  at  length  is  fairly  opened,  for  archaeology  and  palaeontology  to  read,  a  new 
chapter  of  the  world's  history,  which  begins  in  the  pleistocene  periods  of  geology  and 
reaches  to  the  prehistoric  ages  of  man.  Did  our  ancestors  really  contend,  as  the  poets 
fancied,  *  with  stones  and  clubs  against  the  lion  and  the  rhinoceros,  and  thus  expel 
them  from  their  native  haunts,  or  have  they  been  removed  by  change  of  climate  or 
local  physical  conditions?  Was  the  existence  of  the  hyaena  and  the  elephant  only 
possible  in  Western  Europe  while  a  climate  prevailed  there  such  as  now  belongs  to 
Africa  or  India  ?  and  was  this  period  of  high  temperature  reduced  in  a  later  time 
for  the  elk,  reindeer,  and  musk  ox,  which  undoubtedly  roamed  over  the  hills  of  Eng- 
land and  France?  If  we  think  so,  what  a  vista  of  long  duration  stretches  before 
us,  for  no  such  changes  of  climate  can  be  supposed  to  have  occurred  except  as  the 
effect  of  great  physical  changes,  requiring  a  lapse  of  many  thousands  of  years.  And 
though  we  may  think  such  changes  of  climate  not  proved,  and  probably  careful 
weighing  of  evidence  may  justify  our  disbelief,  still,  if  the  valleys  in  Picardy  have 
been  excavated  since  the  deposit  of  the  gravel  of  St.  Acheul,  f  and  the  whole  face 
of  the  country  has  been  altered  about  the  caverns  of  Torquay  since  they  received 
remains  of  animals  and  traces  of  manj  — how  can  we  admit  these  facts  and  yet 
refuse  the  time  required  for  their  acomplishment  ?  First,  let  us  be  sure  of  the  facts, 
and  especially  of  that  main  fact  upon  which  all  the  argument  involving  immensity 
of  time  really  turns,  viz.,  the  contemporaneous  existence  of  man  with  the  mammoth 
of  the  plains  and  the  bear  of  the  caverns.  The  remains  of  men  are  certainly  buried 
with  those  of  extinct  quadrupeds ;  but  did  they  live  in  the  same  days,  or  do  we  see 
relics  of  different  periods  gathered  into  one  locality  by  natural  processes  of  a  later 
date,  or  confused  by  the  operations  of  men  ? 

Before  replying  finally  to  these  questions,  further  researches  of  an  exact  kind  are 
desirable,  and  the  Association  has  given  its  aid  towards  them,  both  in  respect  to  the 
old  cavern  of  Kent's  Hole,  and  the  newly-opened  fissure  of  Gibraltar,  from  which 
we  expect  great  results,  though  the  best  of  our  labourers  has  ceased  from  his  honour- 
able toil.  §  When  these  and  many  other  researches  are  completed,  some  future 
Lyell,  if  not  onr  own  great  geologist,  may  add  some  fresh  chapters  to  "  The  Anti- 
quity of  Man." 

In  judging  of  this  antiquity,  in  counting  the  centuries  which  may  have  elapsed 
since  smoothed  flints,  fitted  with  handles  of  wood,  were  used  as  chisels  and  axes  by 
the  earliest  people  of  Scandinavia  or  Helvetia,  and  flakes  of  flint  were  employed  to 
cleanse  the  skins  of  the  reindeer  in  the  caves  of  the  Dordogne,  or  stronger  tools 
broke  up  the  ice  in  the  valley  of  the  Somme,  we  must  be  careful  not  to  take  what 
is  the  mark  of  low  civilization  for  the  indication  of  very  remote  time.  In  every 
country,  among  every  race  of  men,  such  rude  weapons  at.d  tools  are  used  now,  or 
were  used  formerly.  On  the  banks  of  the  Ohio,  no  less  than  on  the  English  hills, 
mounds  of  earth,  rude  pottery,  and  stone  weapons  occur  in  abundance  ;  and  indi- 
cate similar  wants,  contrivances,  customs,  ideas,  in  different  races  of  men  living  in 
different  periods.  Even  when  in  the  same  country,  as  in  Switzerland,  or  England, 
or  Denmark,  successive  deposits  of  instruments  of  stone,  bronze,  or  iron,  successive 
burials  of  pines,  beeches,  and  oaks,  successively  extinguished  races  of  elephants, 
elks,  and  reindeer,  give  us  a  real  scale  of  elapsed  time,  it  is  one  of  which  the  divi- 
sions are  not  yet  valued  in  years  or  centuries  of  years. 

Toward  a  right  judgment  of  the  length  of  this  scale  of  human  occupation,  two 
other  lines  of  evidence  may  be  thought  worthy  of  notice  ;  one  founded  on  the  ana- 
tomical study  of  the  remains  of  early  men,  the  other  on  the  laws  of  language.  If 
the  varieties  of  physical  structure  in  man,  and  the  deviations  of  language  from  an 
original  type,  be  natural  effects  of  time  and  circumstance,  the  length  of  time  may  be 
in  some  degree  estimated  by  the  amount  of  the  diversities  which  are  observed  to 
have  happened,  compared  with  the  variation  which  is  now  known  to  be  happening. 
This  process  becomes  imaginary,  unless  we  assume  all  mankind  to  have  had  one 
local  centre,  and  one  original  language.  Its  results  must  be  erroneous,  unless  we 
take  fully  into  account  the  superior  fixity  of  languages  which  are  represented  in 
writing,  and  the  greater  tendency  to  diversity  of  every  kind  which  must  have  pre- 
vailed in  early  times,  when  geographical  impediments  were  aggravated  by  dis-social 
habits  of  life.  It  appears,  however,  certain  that  some  differences  of  language, 
organization,  and  habits  have  separated  men  of  apparently  unlike  races  during  periods 
longer  than  those  which  rest  on  historical  facts.  |j 

Ever  since  the  days  of  Aristotle,  the  analogy  existing  among  all  parts  of  the  ani- 
mal kingdom,  and  in  a  general  sense  we  may  say  among  all  the  forms  of  life,  has 
become  more  and  more  the  subject  of  special  study.  Related  as  all  living  beings  are 
to  the  element  in  which  they  move  and  breathe,  to  the  mechanical  energies  of 
nature  which  they  employ  or  resist,  and  to  the  molecular  forces  which  penetrate  and 
transform  them,  some  general  conformity  of  structure,  some  frequently  recurring 
resemblance  of  function,  must  be  present,  and  cannot  be  overlooked.  In  the  several 
classes  this  analogy  grows  stronger,  and  in  the  subdivisions  of  these  classes  real 
family  affinity  is  recognised.  In  the  smallest  divisions  which  have  this  family 
relation  in  the  highest  degree,  there  seems  to  be  a  line  which  circumscribes  each 
group,  within  which  variations  occur,  from  food,  exercise,  climate,  and  transmitted 
peculiarities.  Often  one  specific  group  approaches  another,  or  several  others,  and 
a  question  arises  whether,  though  now  distinct,  or  rather  distinguishable,  they 

*  Lucretius,  v.  964 — 1283. 

t  Prestwich,  Transactions  of  the  Roy.  Soc,  1860,  and  Proc  of  Roy.  Inst.,  Feb.,  1861. 
1  Pengelly,  Reports  of  the  British  Association,  1S64. 

§  The  late  Dr.  Hugh  Falconer,  whose  knowledge  of  the  fossil  animals  of  caves  was 
remarkably  exact,  took  a  great  share  in  these  examinatians. 
||  Max  Midler  on  the  Science  of  Language. 


always  have  been  so  from  their  beginning,  or  will  be  always  so  until  their  dis- 
appearance. 

Whether  what  we  call  species  are  so  many  original  creations  or  derivations  from 
a  few  types  or  one  type,  is  discussed  at  length  in  the  elegant  treatise  of  Darwin," 
himself  a  naturalist  of  eminent  rank.  It  had  been  often  discussed  before.  Nor  will 
any  one  think  lightly  of  such  inquiries,  who  remembers  the  essay  of  Linnaeus,  "De 
Telluris  orbis  increinento,"  or  the  investigations  of  Brown,  Prichard,  Forbes, 
Agassiz,  and  Hooker  regarding  the  local  origin  of  different  species,  genera,  and 
families  of  plants  and  animals,  both  on  the  land  and  in  the  sea.  Still  less  will  he  be 
disposed  to  undervalue  its  importance,  when  he  reflects  on  the  many  successive 
races  of  living  forms  more  or  less  resemblng  our  existing  quadrupeds,  reptiles, 
fishes,  and  mollusca,  which  appear  to  have  occupied  definite  and  different  parts 
of  the  depths  of  ancient  time ;  as  now  the  tiger  and  the  jaguar,  the  cayman  and 
the  gavial,  live  on  different  parts  of  the  terrestrial  surface.  Is  the  living  elephant 
of  Ceylon  the  lineal  descendant  of  that  mammoth  which  roamed  over  Siberia  and 
Europe,  and  North  America,  or  of  one  of  those  sub-Himalayan  tribes  which  Dr. 
Falconer  has  made  known,  or  was  it  a  species  dwelling  only  in  circumpolar  regions  ? 
Can  our  domestic  cattle,  horses  and  dogs,  our  beasts  of  chace  and  our  beasts  of  prey, 
be  traced  back  to  their  source  in  older  types,  contemporaries  of  the  urus,  mega- 
ceros,  and  hyaena  on  the  plains  of  Europe  ?  If  so,  what  range  of  variation  in 
structure  does  it  indicate  ?  if  not  so,  by  what  characters  are  the  living  races  sepa- 
rated from  those  of  earlier  date  ? 

Specific  questions  of  this  kind  must  be  answered,  before  the  general  proposition, 
that  the  forms  of  life  are  indefinitely  variable  with  time  and  circumstance,  can  be 
even  examined  by  the  light  of  adequate  evidence.  That  such  evidence  will  be 
gathered  and  rightly  interpreted,  I  for  one  neither  doubt  nor  fear ;  nor  will  any  be 
too  hasty  in  adopting  extreme  opinions,  or  too  fearful  of  the  final  result,  who 
remember  how  often  that  which  is  true  has  been  found  very  different  from  that 
which  was  plausible,  and  how  often  out  of  the  nettles  of  danger  we  have  plucked 
the  flowers  of  safety.  At  the  present  moment  the  three  propositions  which  were 
ever  present  to  the  mind  of  Edward  Forbes  may  be  successfully  maintained,  as 
agreeing  with  many  observed  phenomena;  and  around  them  as  a  basis  of  classifica- 
tion may  be  gathered  most  of  the  facts  and  most  of  the  speculations  which  relate  to 
the  history  of  life.f  First,  it  may  be  admitted  that  plants  and  animals  form  many 
natural  groups,  the  members  of  which  have  several  common  characters,  and  are 
parted  from  other  groups  by  a  real  boundary  line,  or  rather  unoccupied  space. 
Next,  that  each  of  these  groups  has  a  limited  distribution  in  space,  often  restrained 
by  high  mountains  or  deep  seas,  or  parallels  of  temperature,  within  which  it  has 
been  brought  into  being.  Thirdly,  that  each  group  has  been  submitted  to,  or  is 
now  undergoing,  the  pressure  of  a  general  law,  by  which  its  duration  is  limited  in 
geological  time;  the  same  group  never  reappearing  after  being  removed  from  the 
series. 

How  important,  in  the  view  of  this  and  many  other  questions,  is  that  never-tiring 
spirit  of  geographical  and  maritime  discovery,  to  which  through  four  hundred  years 
Europe  has  sent  her  noblest  sons  and  her  most  famous  expeditions ;  sent  them,  alas ! 
too  often  to  an  early  grave.  Alas !  for  Frankhn,  who  carried  the  magnetic  flag  into 
the  Icy  Sea  from  which  he  had  already  brought  trophies  to  Science !  Alas  1  for 
Speke,  who  came  home  with  honour  from  the  head  waters  of  the  Nile !  Forgotten 
they  can  never  be,  whenever,  on  occasions  like  this,  we  mourn  the  absence  of  our 
bravest  and  our  best;  praise,  never-ending  praise  be  theirs,  while  men  retain  the 
generous  impulse  which  prompts  them  to  enterprises  worthy  of  their  country  and 
beneficial  to  mankind ! 

'Au  tr$u*  z\ia>  Itrffirat  zit'  ezT&v. 

If  it  be  asked,  what  share  in  the  discoveries  and  inventions  of  the  last  thirty- 
three  years  is  claimed  for  the  British  Association ;  let  us  answer  fearlessly — We  had 
a  part  in  all.  In  some  of  them  we  took  the  foremost  place  by  the  frequency  of  our 
discussions,  the  urgency  of  our  recommendations,  the  employment  of  our  influence, 
and  the  grant  of  our  funds.  For  others  we  gave  all  our  strength,  to  support  the 
Royal  Society  and  other  Institutions  in  their  efforts  to  accomplish  purposes  which 
we  approve.  In  all  instances  our  elastic  system  responds  quickly  to  pressure,  and 
returns  the  friendly  impulse.  If  we  look  back  on  the  work  of  previous  years,  it  is 
easy  to  mark  the  special  action  of  the  Association  in  fields  which  hardly  could  be 
entered  by  any  other  adventurers. 

Many  of  the  most  valuable  labours  of  which  we  are  now  reaping  the  fruits,  were 
undertaken  in  consequence  of  the  reports  on  special  branches  of  science  which 
appear  in  the  early  volumes  of  our  Transactions — reports  in  which  particular  data 
were  requested  for  correcting  known  generalizations,  or  for  establishing  new  ones. 
Thus  a  passage  in  Professor  Airy's  Report  on  Physical  Astronomy  %  first  tnmed  the 
attention  of  Adams  to  the  mathematical  vision  of  Neptune ;  Lubbock's  Report  on 
Tides  §  came  before  the  experimental  researches  and  reductions,  which  since  1834 
have  so  often  engaged  the  attention  of  Whewell  and  Airy  and  Haughton,  with 
results  so  valuable  and  so  suggestive  of  further  undertakings.  Among  these  results 
may  be  placed  additional  knowledge  of  the  probable  depth  of  the  channels  of  the 
sea.  For  before  the  desire  of  telegraphic  communication  with  America  had  caused 
the  bed  of  the  North  Atlantic  to  be  explored  by  soundings  to  a  depth  seldom 
exceeding  three  miles,  there  was  reason  to  conclude  from  the  investigations  of 
VVhewell  on  Cotidal  Lines  ||  that  a  depth  of  nine  miles  was  attained  in  the  South 
Atlantic,  and  from  the  separate  computations  of  Airy  and  Haughton  that  a  some- 
what greater  depth  occurred  in  a  part  of  the  course  of  the  tidal-wave  which  washes 
the  coast  of  Ireland.^  The  greater  portion  of  the  sea-bed  is  within  reach  of  sound- 
ings directed  by  the  superior  skill  and  greater  perseverance  of  modern  scientific 
navigators ;  a  depth  of  six  miles  is  said  to  have  been  reached  in  one  small  tract 

*  On  the  Origin  of  Species,  1859. 

t  See  the  remarkable  Essay  of  E.  Forbes  on  the  distribution  of  the  existing  Fauna 
and  Flora  of  the  British  Isles,  in  Memoirs  of  Geol.  Survey  of  Britain,  vol.  i.,  p.  336. 

X  Reports  of  the  British  Association  for  1832,  p.  154.  Laplace  had  indeed  observed 
that  "  the  planet  Uranus  and  his  satellites,  lately  discovered,  give  reason  to  suspect  the 
existence  of  some  planets  not  yet  observed;"  thereby  encouraging  the  search  for  new 
discoveries  in  our  own  system.    (Exp.  du  Syst.  du  Monde,  1799,  4to,,  p.  360.) 

3  Reports  of  the  British  Association,  1832. 

II  Trans,  of  Roy.  Soc,  1833. 

II  Trans,  of  Roy.  Irish  Acad.,  1855. 


October  1, 1S65. 


THE   P1UCTICAL   MECHANIC'S  JOURNAL. 


215 


of  the  North  Atlantic;  depths  of  nine  or  ton  miles  in  the  deepest  channels  of  the 
sea  are  probable  from  considering  the  general  proportion  which  is  likely  to  obtain 
between  sea-depths  and  mountain-tops.  Thus  the  data  are  gradually  being  col- 
lected for  a  complete  survey  of  the  bed  of  the  sea,  including  among  other  things 
information,  at  least,  concerning  the  distribution  of  animal  and  vegetable  life  beneath 
the  waters. 

Waves — their  origin,  the  mechanism  of  their  motion,  their  velocity,  their  eleva- 
tion, the  resistance  they  offer  to  vessels  of  given  form,  these  subjects  have  been 
firmly  kept  in  view  by  the  Association,  since  first  Professor  Challis  *  reported  on 
the  mathematical  problems  they  suggest,  and  Sir  J.  Kobison  and  Mr.  Scott  Russell 
undertook  to  study  them  experimentally. f  Out  of  this  inquiry  has  come  a  better 
knowledge  of  the  forms  which  ought  to  be  given  to  the  '  lines '  of  ships,  followed  by 
swifter  passages  across  the  sea,  both  by  sailing  vessels  and  steamers,  of  larger  size 
and  greater  lengths  than  were  ever  tried  before. J 

One  of  the  earliest  subjects  to  acquire  importance  in  our  thoughts,  was  the 
unexplored  region  of  meteorology  laid  open  in  Professor  J.  Forbes'  Reports.§ 
Several  of  the  points  to  which  he  called  attention  have  been  successfully  attained. 
The  admirable  instruments  of  W  be  well,  Osier,  and  Robinson  have  replaced  the 
older  and  ruder  anemometers;  and  are  everywhere  in  full  operation,  to  record  the 
momentary  variations  of  pressure,  or  sum  the  varying  velocities  of  the  wind.  No 
small  thanks  were  due  to  Mr.  Marshall  and  Mr.  Miller||  for  their  enterprise  and 
perseverance  in  placing  rain  gauges  and  thermometers  amidst  the  peaks  of  Cum- 
berland and  Westmoreland.  These  experiments  are  now  renewed  in  both  counties 
and  in  North  Wales;  and  I  hope  to  hear  of  similar  efforts  among  the  mountains  of 
the  west  of  Ireland  and  the  west  of  Scotland.  Our  meteorological  instruments  of 
every  kind  have  been  improved ;  our  system  of  photographic  registration  has  spread 
from  Kew  into  other  observatories ;  and  our  corresponding  member,  Professor  Dove, 
lias  collected  into  systematic  maps  and  tables  the  lines  and  figures,  which  represent 
annual  aud  monthly  climate  over  every  land  and  sea. 

In  the  same  manner,  by  no  sudden  impulse  or  accidental  circumstance,  rose  to 
its  high  importance  that  great  system  of  magnetic  observations,  on  which  for  more 
than  a  quarter  of  a  century  the  British  Association  and  the  Royal  Society,  acting 
in  concert,  have  been  intent.  First,  we  had  Reports  on  the  mathematical  theory 
and  experimental  researches  of  magnetism  by  Christie,  1833,  Whewell,  1835,  and 
Sabine,  1835;  afterwards,  a  magnetic  survey  of  the  British  Islands;^"  then,  the 
establishment  of  a  complete  observatory  at  Dublin,  with  newly -arranged  instru- 
ments, by  Dr.  Lloyd,  in  1838.  On  all  this  gathered  experience  we  founded  a 
memorial  to  Her  Majesty's  Government,  made  a  grant  of  £400  from  our  funds  for 
preliminary  expenses,  and  presented  to  the  meeting  of  the  Association  in  Birming- 
ham, in  1839,  a  Report  of  progress,  signed  by  Herschel  and  Lloyd.  From  that 
time,  how  great  the  labour,  how  inestimable  the  fruits !  Ross  sails  to  the  magnetic 
pole  of  the  south;  America  and  Russia  co-operate  with  our  observers  at  Kew, 
Toronto,  and  St.  Helena ;  and  General  Sabine,  by  combining  all  this  united  labour, 
has  the  happiness  of  seeing  results  established  of  which  no  man  dreamed — laws  of 
harmonious  variation  affecting  the  magnetic  elements  of  the  globe,  in  definite  rela- 
tion to  the  earth's  movement,  the  position  of  the  sun  and  moon,  the  distribution 
of  temperature,  and  the  situation  in  latitude  and  longitude.** 

Our  efforts  have  not  been  fruitless,  whether  with  Mr.  Mallet  we  make  experi- 
ments on  artificial  earth-shocks  at  Duiker,  or  survey  the  devastations  round 
Vesuvius,  or  tabulate  the  records  of  earthquakes  since  the  beginning  of  history  ;tf 
or  establish  the  Kew  Observatory  as  a  scientific  workshop  where  new  instruments 
of  research  are  made  and  proved  and  set  to  work;  J  {  or  dredge  the  sea  with  Forbes, 
and  Brady,  and  Jeffreys ;  §§  or  catalogue  the  stars  with  Baily ;  j|||  or  investigate  elec- 
tricity with  Harris,  Ronalds,  Thomson,  and  Jenkin;^[^[  or  try  the  action  of  long- 
continued  heat  with  Harcourt:*f  in  these  and  a  hundred  other  directions,  our 
attempts  to  gain  knowledge  have  brought  back  new  facts  and  new  laws  of  pheno- 
mena, or  better  instruments  fur  attaining  or  better  methods  of  interpreting  them. 
Even  when  we  enter  the  domain  of  practical  art,  and  apply  scientific  methods  to 
test  a  great  process  of  manufacture,  we  do  not  fail  of  success ;  because  we  are  able 
to  join  in  united  exertion  the  laborious  cultivators  of  science  and  the  scientific 
employers  of  labour. 

Am  I  asked  to  give  an  example  ?  Let  it  be  Iron,  the  one  substance  by  the 
possession  of  which,  by  the  true  knowledge  and  right  use  of  which,  more  than  by 
any  other  thiDg,  our  national  greatness  is  supported.  What  are  the  ores  of  iron  ? 
what  the  peculiarities  and  improvements  of  the  smelting  processes?  what  the 
quality  of  the  iron?  its  chemical  composition — its  strength  in  columns  and  girders 
as  cast-iron;  in  rails  and  boiler  plate,  in  tubes  and  chains,  as  wrought  iron?  what 
are  the  best  forms  in  which  to  employ  it,  the  best  methods  of  preserving  it  from 
decay?  these  and  many  other  questions  are  answered  by  rqany  special  Reports  in  our 
volumes,  bearing  the  names  of  Barlow,  Mallet,  Porter,  Fairbairn,  Bunsen,  Playfair, 
Percy,  Budd,  Hodgkinson,  Thomson;  and  very  numerous  other  communications 
from  Lucas,  Fairbairn,  Cooper,  Nicholson,  Price,  Crane,  Hartley,  Davy,  Mushet, 
Hawkes,  Penny,  Scoreshy,  Dawes,  Calvert,  Clark,  Cox,  Hodgkinson,  May,  Schaf- 

*  Reports  of  the  British  Association,  1833,  1836. 
t  Ibid.,  1837  and  following  years. 

t  Ibid.,  1840-1S13. 
\  Ibid.,  1832-1840. 
Mr.  Marshall's  observations  were  made  in  Pattcrdale,  Mr.  Miller's  about  Wastdale 
Ilead.    (British  Association  Reports  for  1S46.  and  Royal  Society's  Transactions,  1850.) 
r  The  survey  was  begun  in  Ireland  in  1835,  by  Lloyd,  Sabine,  and  Ross;  and  com- 
!  in  England,  Wales,  and  Scotland  in  1837,  by  the  same  magncticians,  assisted  by 
Fox  and  Phillips.    It  was  repeated  in  1S57  and  following  years  by  Sabine,  Lloyd,  Welsh, 
Haughton,  Galbraith,  and  Stoney. 

»*  Trans,  of  the  Royal  Society  for  many  years;  Reports  of  the  British  Association,  1810 
and  following  years;  Rede  Lecture,  1862. 

ft  British  Association  Reports ;  Experiments  at  Dalkey,  1853;  Report  on  Earthquakes, 
1840-1858.    See  also  the  excellent  communications  of  M.  Ferrey  to  the  Memoirs  of  the 
Academy  of  Dijon. 
£  The  Kew  Observatory  became  a  part  of  the  system  of  the  Association  in  1842. 

ee  Reports  of  the  Dredging  Committees  from  1812  to  1864;  Nat.  Hist.  Trans,  of 
Northumberland  and  Durham;  Jeffrey's  British  Conchology. 
British  Association  Catalogue  of  Stars,  1846. 

•  r  The  latest  results  of  these  researches  is  an  instrumental  standard  of  electrical 
resistance.    (Reports  of  the  British  Association,  1863-1861. 

"t  Reports  of  the  British  Association,  1846-1860. 


haeutl,  Johnston,  Clay,  and  Boutigny.  Beyond  a  question,  a  reader  of  such  of  these 
valuable  documents  as  relate  to  the  strength  of  iron,  in  its  various  forms,  would  be 
far  better  informed  of  the  right  course  to  be  followed  in  experiments  on  armour- 
plated  ships  and  forts  to  resist  assault,  and  in  the  construction  of  ordnance  to 
attack  them,  than  he  is  likely  to  be  from  merely  witnessing  a  thousand  trials  of  the 
cannon  against  the  target.  Any  one  who  remembers  what  the  iron  furnace  was 
forty  years  ago,  and  knows  its  present  power  of  work ;  or  who  contrasts  the  rolling 
mills  and  hammers  of  other  days,  with  the  beautiful  machines,  which  now,  with 
the  gentlest  motion  but  irresistible  force,  compel  the  strong  metal  to  take  up  the 
most  delicately  moulded  form  ;  will  acknowledge,  that  within  the  period  since  the 
British  Association  began  to  set  itself  Lo  the  task  of  reconciling  the  separated 
powers  of  Theory  and  Experience,  there  has  been  a  total  change  in  the  aspect  of 
each,  to  the  great  advantage  of  both. 

Our  undertakings  have  not  been  fruitless.  We  attempted  what  we  had  well 
considered,  and  had  the  power  to  accomplish;  and  we  had  the  more  than  willing 
help  of  competent  persons  of  our  own  body,  the  friendly  aid  of  other  institutions, 
and  the  sanction  of  the  Government,  convinced  of  the  sincerity  of  our  purpose  and 
the  wisdom  of  our  recommendations. 

The  same  work  is  ever  before  us ;  the  same  prudence  is  always  necessary ;  the 
same  aid  is  always  ready.  Great  indeed  should  be  our  happiness,  in  reflecting  on  the 
many  occasions,  when  the  Royal  Society  in  particular,  and  other  institutions  older  than 
our  own,  have  readily  placed  themselves  by  our  side,  to  share  our  responsibility  and 
diminish  our  difficulties.  But  for  this,  our  wishes  might  not  always  have  prevailed; 
and  the  horizon  of  science  would  not  have  been  so  clear  as  now  it  is.  Of  late 
years  indeed,  societies  formed  on  our  model  have  taken  up  special  parts  of  our  work ; 
and  thus  to  some  extent  have  relieved  us  of  the  pressure  of  communications  relating 
to  the  practice  of  particular  professions  and  the  progress  of  some  public  questions. 
Not  that  scientific  agriculture,  social  statistics,  or  physiology  are  neglected  in  our 
meetings,  but  that  these  and  other  practical  subjects  are  found  to  have  more  than 
one  aspect,  and  to  require  more  than  one  mode  of  treatment.  With  us,  facts 
well  ascertained,  conclusions  rightly  drawn,  will  ever  be  welcome,  from  whatever 
quarter  of  the  horizon  of  science  they  make  their  appearance.  Whatever  societies 
cultivate  these  objects,  they  are  our  allies,  and  we  will  help  them,  if  we  may.  With 
pleasure  we  receive  proofs  of  the  good  work  done  in  limited  districts  by  the 
many  admirable  Field  Clubs  formed  by  our  countrymen  ;  whether,  like  those  of 
Tyneside  and  the  Cotswolds,  and  in  this  immediate  vicinity  those  of  Warwick- 
shire, Worcestershire,  and  Dudley,  they  explore  the  minutest  recesses  of  our  hills 
and  glens ;  or,  like  the  rangers  of  the  Alps,  bring  us  new  facts  regarding  glaciers, 
ancient  climate,  and  altered  levels  of  land  and  sea. 

By  these  agreeable  gatherings  natural  history  is  most  favourably  commended ; 
and  in  the  activity  and  enlarged  views  of  the  officers  who  conduct  them,  the  British 
Association  recognises  the  qualities,  by  which  the  vitality  of  scientific  research  is 
maintained,  and  its  benefits  diffused  among  the  provincial  institutions  of  the  empire. 

Such,  Gentlemen,  are  some  of  the  thoughts  which  fill  the  minds  of  those,  who, 
like  our  Brewster,  and  Harcourt,  and  Forbes,  and  Mnrchison,  and  Daubeny,  stood, 
anxious  but  hopeful,  by  the  cradle  of  this  British  Association;  and  who  now  meet 
to  judge  of  its  strength,  and  measure  its  progress.  When,  more  than  thirty  years 
ago,  this  Parliament  of  Science  came  into  being,  its  first  child-language  was 
employed  to  ask  questions  of  Nature ;  now,  in  riper  years,  it  founds  on  the 
answers  received  further  and  more  definite  inquiries  directed  to  the  same  prolific 
source  of  useful  knowledge.  Of  researches  in  science  completed,  in  progress,  or  in 
beginning,  each  of  our  annual  volumes  contains  some  three  hundred  or  more  passing 
notices,  or  full  and  permanent  records.  This  digest  and  monument  of  our  labours 
is  indeed  in  some  respects  incomplete,  since  it  does  not  always  contain  the  narrative 
or  the  result  of  undertakings  which  we  started,  or  fostered,  or  sustained ;  and  I  own 
to  having  experienced  on  this  account  once  or  twice  a  feeling  of  regret.  But  the 
regret  was  soon  lost  in  the  gratification  of  knowing,  that  other  and  equally  benefi- 
cial channels  of  publication  had  been  found;  and  that  by  these  examples  it  was 
proved  how  truly  the  Association  kept  to  the  real  purpose  of  its  foundation,  "  the 
Advancement  of  Science,"  and  how  heartily  it  rejoiced  in  this  advancement  without 
looking  too  closely  to  its  own  share  in  the  triumph.  Here,  indeed,  is  the  strong- 
hold of  the  British  Association.  Wherever  and  by  whatever  means  sound  learning 
and  useful  knowledge  are  advanced,  there  to  us  are  friends.  Whoever  is  privileged 
to  step  beyond  his  fellows  on  the  road  of  scientific  discovery,  will  receive  our 
applause,  and,  if  need  be,  our  help.  Welcoming  and  joining  in  the  labour  of  all, 
we  shall  keep  our  place  among  those  who  clear  the  roads  and  remove  the  obstacles 
from  the  paths  of  science ;  and  whatever  be  our  success  in  the  rich  fields  which  lie 
before  us,  however  little  we  may  now  know,  we  shall  prove,  that  in  this  our  day 
we  knew  at  least  the  value  of  knowledge,  and  joined  hearts  and  hands  in  the  en- 
deavour to  promote  it. 
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{Continued  from  page  1SS.) 
3. — THE   CHEMICAL   EFFECTS   OF  THE   INCANDESCENT   FUEL, 

Whatever  physical  changes  may  be  induced  in  iron  by  the  long  continuance  of  a 
high  temperature  which  is  not  succeeded  by  the  application  of  the  impact  of  the 
hammer  or  the  pressure  of  the  rolls,  it  is  certain  that  long-continued  red  heat  leads 
to  the  loss  of  its  metallic  consistency.  Its  surface  gets  converted  to  a  greater  or 
less  depth  into  forge  scales,  which,  according  to  Berthier,  consist  of  a  crystallized 
compound  of  peroxide  and  protoxide  of  iron.  The  mechanical  action  of  the  gases — 
and  especially  of  the  free  oxygen  contained  in  every  flame — forced  at  a  high  velocity 
by  the  draught  past  the  more  or  less  heated  plates,  would  also  aid  these  chemical 
combinations — upon  the  same  principle  as  iron  filings,  thrown  through  a  gas  flame, 
burn  in  the  air;  and  upon  the  same  mechanical  principle  as  the  incandescent  lime 
is  worn  away  by  the  flame  of  the  oxyhydrogen  blow-pipe.  These  actions  would 
take  place  with  any  fuel,  even  with  pure  charcoal.     But  when  mineral  fuel,  which 
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mostly  contains  more  or  less  iron  pyrites,  is  used,  there  is  much  more  danger  to  the 
plates,  especially  oyer  the  fire,  in  getting  red-hot,  as  the  flames  would  then  hold 
sulphurous  acid,  and  often  volatilized  sulphur.  A  familiar  illustration  of  an  action 
of  this  kind  is  afforded  by  the  fact  that  a  piece  of  red-hot  iron  plate  can  be  easily 
bored  through  by  means  of  a  stick  of  sulphur,  the  combination  forming  sulphide  of 
iron.  Dr.  Schafhaeutl,  of  Munich,  has  given  great  attention  to  the  changes  in 
plates  subjected  to  the  action  of  fire;  twenty-five  years  ago  he  read  a  paper  before 
the  Institution  of  Civil  Engineers,*  and  more  recently  he  has  published  an  essay, 
both  on  this  subject,  in  a  Munich  periodical. t  He  lias  brought  forward  a  number 
of  facts,  founded  on  chemical  analyses  of  plates  of  exploded  boilers,  showing  the 
danger,  due  to  chemical  action  alone,  when  the  plates  of  a  boiler  become  red-hot. 
He  notices  that  the  iron  of  the  inside  of  the  plates,  in  getting  red-hot,  decomposes 
the  water,  and  combines  with  the  oxygen  thus  freed.  It  also  loses  some  of  its 
carbon.  The  outside  combines  with  the  free  oxygen  and  with  any  sulphurous  acid 
iu  the  flame.  He  states  that  iron  made  with  pit  coal  is  much  more  affected  than 
charcoal-made  iron ;  becoming  laminated  at  the  original  joints  in  the  pile  out  of 
which  the  plate  has  been  rolled.  It  is  possible  that  portions  of  oxide  are  carried 
into  these  joints,  and  it  is  at  any  rate  certain  that  iron  gives  way  easiest  at  these 
places.  This  points  to  the  great  value  of  really  homogeneous  plates,  such  as  those 
of  cast  steel,  in  which  homogeneity  has  been  obtained  by  the  only  known  means  of 
fusion.  The  remarkable  diminution  of  elasticity  and  of  tenacity  caused  by  the 
combination  of  the  red-hot  iron  with  sulphur;  the  absence  of  all  elasticity  and 
tenacity  in  the  oxides  of  iron — show  that,  even  if  a  flue  do  not  at  once  collapse,  or 
a  shell  explode,  through  getting  red-hot,  the  boiler  is  more  or  less  injured  every 
time  it  gets  overheated.  A  defective  circulation,  by  permitting  such  a  temperature 
as  to  drive  the  water  off  the  plate,  would  soon  lead  to  local  injury.  Particular  spots 
in  externally  fired  cylindrical  boilers  are  sometimes,  as  is  stated  by  Mr.  L.  Fletcher 
of  Manchester,  thus  affected,  and  in  an  apparently  mysterious  way.  A  new  boiler 
in  which  a  heap  of  rags  were  accidentally  forgotten,  had  the  spot  burned  out  in  a 
few  days,  J  doubtless  through  the  resulting  defective  circulation  and  its  consequences. 
The  plates  just  above  the  fire  of  internal  flues  also  suffer  in  this  manner.  It  is 
perhaps  possible  that  turned  joints,  secured  by  bolts,  and  allowing  an  occasional 
reversing,  or  rather  rotating,  of  the  ring,  might,  in  some  cases,  be  here  of  service. 
At  any  rate,  universal  experience  proves  that  the  thicker  the  plate  the  easier  does 
it  get  red-hot ;  and  these  chemical  facts  also  point  to  the  desirability  of  a  minimum 
of  thickness.  In  fact,  the  wearing  away  of  the  plates  through  these  causes,  if 
mechanically  strong  against  pressure,  often  gets  arrested  at  a  certain  thickness.  In 
Germany  and  France,  some  of  the  best  manufacturers  still  make  the  plates  over  the 
fire  of,  for  instance,  inside  flues,  slightly  thicker  than  anywhere  else;  but  the  com- 
bined chemical  and  mechanical  actions  of  the  heated  fuel  cause  most  wear  and  tear 
in  a  thick  plate,  and  thus  justify  American  practice  in  this  respect.  Iu  that  country, 
fire-box  plates  of  good  charcoal  iron  are  made  only  -fg-  or  £  of  an  inch  thick,  and, 
with  stays  four  inches  apart,  give  good  results  under  nearly  150  lbs.  steam  pressure. 

4.    THE  CHEMICAL  AND  PHYSICO-CHEMICAL  EFFECTS  OF  THE  FEED-WATER. 

The  wear  and  tear  of  a  boiler  which  occurs  in  the  form  of  corrosion,  properly 
so-called,  may  be  divided  into  two  principal  kinds: — 1,  Internal,  and  2,  external. 
The  progress  of  both  is  necessarily  intensified  by  the  mere  effects  of  temperature ; 
each,  however,  has  its  strongly-marked,  distinct  character — not  merely  as  to  position, 
but  also  as  to  origin  and  results. 

A  steam  boiler  is  in  the  position  of  a  vessel  into  which  large  volumes  of  water 
are  continually  forced;  while  the  heat  applied,  driving  off  all  volatilizable  matter, 
leaves  behind  a  concentrated  solution  with  a  chemical  character  dependent  on  that 
of  unvolatizable  matters  in  the  feed-water.  The  specific  gravity  of  the  substances 
found  in  the  water  naturally  causes  them  to  sink  towards  the  bottom,  at  which  part 
the  solution  is  generally  more  concentrated,  however  much  it  may  be  stirred  up  by 
t ho  ebullition.  Mr.  J.  R.  Napier  lately  stated  that  a  piece  of  zinc  "  about  four  feet 
long,  by  three  inches  broad,  by  three-sixteenths  thick,  placed  in  a  marine  boiler  for 
three  weeks"  to  a  depth  of  18  inches  in  the  water,  showed  a  corrosion  which  rapidly 
decreased  "  up  to  the  highest  part,  which,  in  the  steam,  appeared  to  he  little 
affected."  §  This  accounts  for  the  fact  that  all  boilers,  even  those  internally  fired, 
like  locomotive  boilers,  have  their  plates  most  affected  towards  the  bottom,  and  that 
internal  corrosion  always  shows  itself  to  a  greater  extent  below  the  water-Hnc.  The 
bouilleur  of  the  form  of  boiler  known  as  the  French  boiler  is  also  generally  more 
affected  than  any  other  part.  To  resist  this  sort  of  slow  action,  it  is  clear  that  the 
more  the  bulk  of  metal  the  better,  and  it  is  for  this  reason  that  the  bottom  plates 
of  most  marine  boilers  are  made  thicker,  while  these  same  plates  in  locomotive 
boilers  have  to  be  often  renewed.  Any  chemical  or  physico-chemical  action  of  the 
kind  is  of  course  intensified  by  temperature,  and  this  is  one  of  the  causes  why 
externally  fired  boilers  give  way  most  a  little  in  front  of  the  furnace.  But  the 
plates  above  the  water-line  also  get  more  or  less  corroded,  and  not  merely  with  the 
usual  character  of  rusting,  but  in  that  peculiar  form  known  as  pitting,  which 
generally  shows  itself  much  more  strongly  marked  below  the  water-line. 

The  presence  of  a  concentrated  solution  of  an  acid  or  alkaline  character,  kept  at 
a  high  temperature  for  years  in  contact  with  iron  plates,  would  be  sufficient  to 
account  for  much  corrosion.  But  the  internal  corrosion  of  steam  boilers  has  many 
features  of  such  a  mysterious  character,  that  no  accredited  explanation  of  its 
attendant  phenomena  has  yet  been  put  forward..  In  the  first  place,  plates  thus 
attacked  show  a  number  of  irregular  holes  like  a  pock-marked  human  face,  or  like 
the  small  craters  seen  on  the  moon's  surface.  (See  fig.  4.)  The  writer  has  also 
sometimes  observed  two  or  three  little  irregular  excavations  like  this  in  a  plate 
otherwise  showing  a  large  surface  quite  intact.  Sometimes  the  plate  is  most  pitted 
round  a  projecting  bolt;  at  others,  one  plate  will  be  perfectly  sound,  while  that 
riveted  to  it  will  be  almost  eaten  away,  both  having  been  the  same  time  at  work, 
and  under,  of  course,  apparently  exactly  similar  conditions.  With  locomotive 
boilers  this  pitting  has  been  ascribed  to  galvanic  action  between  the  brass  tubes  and 
the  iron  plates.     But  it  is  notoriously  well-known  to  locomotive  superintendents, 

*  '<  Transactions  of  the  Institution  of  Civil  Engineers."    VoLiii.  1S10;  p.  -135. 

t  "  Bairisches  Kunst  und  Geweibeblatt."    June,  18(53. 

X  Pcclct.  "  Traite"  de  la  Chaleur."     Vol.  ii.,  p.  73. 

3  "  Institution  of  Engineers  in  Scotland,  Session  1864-05." 


The  internal  surface  of  a  plate  of  an  old  wrought- 
iron  boiler,  showing,  one-<quarter  of  the  full  size, 
the  ordinary  appearance  of  pitting. 


that  boilers  with  iron  tubes  are  often  worse  pitted  than  those  which  have  run  the 
same  distance  with  brass  tubes.  Besides,  all  iron  boilers,  with  or  without  brass, 
whether  used  for  stationary,  locomotive,  or  marine  purposes,  are  subject  to  pitting. 

An  explanation  which  seems  to  meet  all  the  circumstances  of  the  case  is  the 
following  : — Mr.  Mallet,  in  a  report  addressed  to  the  British  Association  some  years 
ago,  showed  that  wrought  iron  and  steel  (blister  steel  probably),  "consist  of  two  or 
more  different  chemical  com- 
pounds, coherent  and  Interlaced,  Fig.  4. 
of  which  one  is  electro-negative 
to  the  other."  In  fact  ordinary 
wrought  iron,  being  also  welded 
up  from  differently  worked  scrap, 
is  far  from  being  an  electro- 
homogeneous  body.  In  a  boiler, 
the  hot  water,  more  or  less  satur- 
ated with  chemical  compounds, 
is  the  exciting  liquid,  and  the' 
electro-positive  portions  of  the 
plates  are  thus  quickly  removed 
to  a  greater  or  less  depth.  This 
explanation  meets  most  of  the 
known  circumstances  with  re- 
spect to  pitting;  it  even,  in  a 
great  measure,  explains  how 
plates  above  the  level  of  the 
water,  especially  in  marine 
boilers,  get  very  rapidly  corroded 
in  portions,  while  another  part 
of  perhaps  the  same  plate  is 
scarcely  affected.  The  concen- 
trated water  in  a  marine  boiler 
is  known  to  be  generally  acid. 
11  Of  all  the  salts  contained  in 
sea-water,"  says  Faraday,*  "the 
chloride  of  magnesium  is  that 
which  acts  most  powerfully"  on 
the  plates.  He  shows  that 
cubic  foot  of  sea-water  contains 
3*28  oz.  of  this  salt ;  and,  at  the  same  time,  points  to  the  danger  of  voltaic  action  in 
a  boiler  through  the  contact  of  copper  and  iron.  In  a  smaller  degree  the  contact  of 
cast  with  wrought  iron,  or  between  the  different  makes  of  wrought  iron  in  the  same 
plate,  or  between  contiguous  plates,  acts  in  the  same  way.  It  is  not  improbable 
that  some  hydrochloric  acid  is  present  in  the  steam  of  marine  boilers.  "  Mr.  J.  C. 
Forsterf  has  tested  some  of  the  condensed  steam  from  the  safety-valve  casing,  and 
from  the  cylinder-jacket  of  the  Lancefieldy  and  found  both  decidedly  acid."  J  With 
an  exciting  liquid  in  the  con- 
densed steam,  it  is  thus  ex- 
plicable how  the  plates  of  marine 
boilers  often  get  corroded  in  a 
most  capricious  manner;  while, 
at  the  same  time,  the  current  of 
steam  would  create  a  certain 
amount  of  friction  on  the  oxide, 
clearing  it  away  to  act  on  a 
fresh  surface. 

The  crucial  test  of  this  ex- 
planation of  pitting  would  be 
the  observation  of  the  absence  of 
the  phenomenon  from  plates  of 
an  electro-homogeneous  charac- 
ter. This  homogeneity  could 
only  be  expected  from  fused 
metal,  such  as  cast  steel.  Ac- 
cordingly, while  the  writer  was 
in  Vienna  a  short  time  ago,  he 
was  assured  by  Mr.  Haswell, 
the  manager  of  the  Staatsbahn 
Locomotive  Works,  that  some 
locomotives  made  of  cast-steel  _ 
plates  in  1859,  for  the  Austrian  pjf| 
Staatsbahn,  had  been  working 
ever  since  without  showing  signs 
of  pitting,  though  under  similar 
conditions  iron  plates  had  severely 
suffered  in  this  way.  Pitting 
may  thus  be  fairly  defined  as  a 
form  of  corrosion  localized  to 
particular  spots  by  voltaic  action. 
It  is  also  probably  aggravated 

through  the  motion  of  the  plate  many  others  seriously  injured, 
by  mechanical  action,  and  the  ex- 
pansions and  contractions  through  alternations  of  temperature.  All  boilers  arc  most 
pitted  near  the  inlet  for  the  feed-water,  and  with  inside  cylinder  locomotive  boilers 
there  is  generally  more  pitting  at  the  smoke-box  end — no  doubt  caused  by  the  more 
or  less  racking  action  on  these  plates.     A  state  of  corrosion  at  particular  spots 

*  "  Fifth  Report  of  the  Committee  of  the  House  of  Commons  concerning  the  Holyhead 
Roads,"  p.  194. 

t  "  Institution  of  Engineers  in  Scotland,  1S64-35.  Introductory  Address  by  Sir  J.  R. 
Napier." 

%  When  a  solution  of  chloride  of  magnesium  is  evaporated  nearly  to  dryness,  the  salt 
and  the  water  are  decomposed,  magnesia  and  free  hydrochloric  acid  being  £  raied;  ir 
M  g  C  1  +  H  t )  =  Mg  O  +  II  C  1. 


From  a  photograph  of  surface  of  corroded  plate 
cut  from  one  of  the  two  boilers  that  exploded  on 
Wednesday,  February  17th,  lb64,  at  Aberaman  Iron 
Works,  Aberdare.  The  corrosion  was  internal,  and 
in  some  parts  the  plate  was  not  more  than  one- 
hth  thick.    Thirteen  persons  were  killed,  and 
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would  probably  be  kept  up  to  a  greater  intensity  by  the  incrustation  being  mechani- 
cally thrown  off.  With  a  quicker  voltaic  action,  caused  by  any  unusual  intensity  of 
the  exciting  liquid,  the  sides  of  the  cavities  in  the  plates  would  be  sharper  and  less 
rounded  off;  as  in  the  case  of  the  boiler  fed  with  mineral  water  from  ironstone 
workings,  which  exploded  last  year  at  Abcrainan,  South  Wales.     (See  fig.  5.) 

The  fact  that  pitting  occurs  in  marine  boilers  when  distilled  water  from  surface 
condensers  is  used,  does  not  affect  this  explanation.  Water  distilled  in  this  way, 
from  whatever  cause,  after  repeated  boiling,  is  stated  to  carry  the  salinometer  even 
higher  than  sea-water,  thus  proving  that  it  is  not  pure.*  In  the  next  place,  there 
is  the  absence  of  incrustation,  which  to  some  extent  protects  the  plates  of  boilers 
from  the  chemical  action  of  its  contents.  In  this  way  the  mechanical  buckling  of 
the  plates — directly  and  indirectly  causing  the  furrows  we  have  spoken  of — by  con- 
tinually clearing  particular  lines  of  surface  from  incrustation  and  oxide,  reduces 
these  particular  spots,  with  respect  to  corrosion,  to  the  condition  of  the  plates  of  a 
boiler  fed  with  water  which  deposits  no  incrustation.  Corrosion  will  also  act  more 
rapidly  at  a  furrow  through  mere  increase  and  renewal  of  surface.  To  resist  that 
form  of  internal  corrosion  specially  known  under  the  name  of  pitting,  a  maximum 
of  electro -homogeneity  is  evidently  required  in  all  the  component  parts  of  the  boiler. 

While  the  action  of  internal  corrosion,  often  very  equally  corrugating  the  plates 
over  a  large  surface,  as  a  rule  scarcely,  at  any  rate  only  gradually,  affects  their 
mechanical  strength,  external  corrosion,  being  localized  to  particular  spots,  is  of  a 
much  more  dangerous  character.  The  one  is  gradual  and  easily  perceptible,  while 
the  other  is  rapid  and  insidious  in  its  progress.  Apart  from  accidental  circum- 
stances affecting  the  brickwork  on  which  a  stationary  boiler  is  erected,  or  the  outside 
of  the  bottoms  of  marine  boilers,  it  is  clear  that  external  corrosion  can  only  occur 
through  leakage.  When  leakage  takes  place  through  a  crack  in  the  plate  caused 
by  mechanical  action,  or  at  a  hole  burnt  out  by  heat,  the  effects  of  leakage  are  only 
secondary  results,  due  to  a  primary  cause  which  of  itself  may  cause  the  stoppage  of 
the  steam  generator.  But  a  leakage  at  a  joint  may  in  itself  gradually  cause  the 
destruction  of  the  boiler.  Here  we  see  another  reason  that  the  character  of  a  boiler, 
not  merely  as  to  ultimate  strength,  but  also  as  to  wear  and  tear,  intimately  depends 
upon  the  form  of  its  joints.  It  is  often  noticeable  that  very  good  lap  joints,  even 
when  tested  under  hydraulic  pressure  up  to  only  fifty  per  cent,  above  the  working 
load,  sweat  more  or  less.  The  tendency  of  the  internal  pressure  to  form  a  correct 
circle  bears  indirectly  on  these  joints,  causing  them  to  open,  more  or  less,  and  to 
leak,  in  spite  of  the  caulking.  Mr.  Robert  Galloway,  C.E.,  who,  as  an  engineer 
surveyor  of  long  standing  of  the  Board  of  Trade,  has  probably  made  more  than  three 
thousand  careful  inspections  of  marine  boilers,  states  that  he  has  often  noticed  a 
furrow  or  channel  on  the  outside  of  the  joint,  running  parallel  to  the  outside  overlap 
for  some  distance,  and  evidently  caused  by  leakage.  Along  the  water-line,  con- 
densed water  will  act  on  the  joints,  while  below  it  the  concentrated  contents  of  the 
boiler  will  come  into  chemical  action.  A  leakage  in  a  marine  boiler  often  eats  away 
a  plate  within  a  year.  In  some  cases  a  jet  of  hot  water  from  a  leakage  has  a  fric- 
tional  action  ;  in  fact,  even  with  such  an  incorrodible  and  hard  substance  as  glass 
an  effect  like  this  has  been  perceived,  and  a  slight  leakage  continued  during  several 
days  sometimes  produces  a  noticeable  furrow  on  a  glass  gauge  tube.  With 
sulphurous  fuel,  a  powerful  chemical  action  will  come  into  play  on  the  plates.  One 
volume  of  water  takes  up  about  thirty  volumes  of  sulphurous  acid  gas;  and  these 
sulphurous  fames  of  the  fuel,  coming  into  contact  with  the  water  from  a  leakage, 
will  be  more  or  less  absorbed.  An  acid  solution  like  this  must  quickly  eat  away 
the  plate.  It  is  certain  that  a  leakage  acts  much  quicker  on  a  boiler  fired  with 
sulphurous  fuel  than  on  one  fired  with  wood.  M.  G.  Adolphe  Hirn  has  observed  a 
plate,  nearly  seven-eighths  thick,  to  be  pierced,  in  the  course  of  time,  as  with  a 
drill,  by  means  of  a  little  jet  which  struck  it  after  passing  through  a  current  of  hot 
coal  smoke.f 

LEGISLATIVE   ENACTMENTS. 

No  stronger  proof  can  be  adduced  of  the  empirical  state  of  existing  knowledge  of 
the  management  of  boilers  than  that  afforded  by  a  consideration  of  their  average 
duration.  While  some  marine  boilers  last  only  about  three  years,  there  are  carefully 
worked  land  boilers  which  have  lasted  as  long  as  thirty.  Captain  Tyler,  R.E., 
estimates  the  average  duration  of  a  locomotive  boiler  at  from  five  to  twenty  years. 
Perhaps  the  average  duration  of  a  marine  boiler  may  be  reckoned  at  from  five  to 
seven  years;  that  of  a  locomotive  boiler  at  from  eight  to  nine  years;  that  of  a 
stationary  boiler  at  from  eighteen  to  twenty  years — all  being  supposed  to  be  fairly 
worked  under  ordinary  conditions. 

It  is  clear  that,  subjected  as  a  steam  boiler  is  to  so  many  destructive  influences, 
the  precise  effects  of  which  can  scarcely  be  yet  very  accurately  known,  the  working 
tension  should  be  only  one-eighth  of  the  ultimate  bursting  strength.  But  when 
boilers,  as  is  too  often  the  case  in  England,  are  bought  by  the  weight;  when  cheaply 
paid  labour  is  employed  in  their  management ;  when  inspection  of  the  progress  of 
the  wear  and  tear  necessarily  happening  even  with  good  boilers  and  good  attendance, 
is  procrastinated  for  the  sake  of  gain — there  is  then  a  suit  of  expense  versus  risk,  in 
which  parsimony  too  often  gains  the  day.  At  any  rate,  a  number  of  painful  acci- 
dents in  all  parts  of  the  world  have,  at  different  times,  pointed  to  the  fact,  that  every 
man  picked  at  hap-hazard  cannot  be  safely  trusted  with  steam  power.  In  fact, 
there  is  probably  no  civilized  country  in  which  the  legislature  has  not  more  or  less 
interfered  in  the  management  of  steam  boilers.  In  the  States  of  America,  the 
frequency  of  boiler  explosions  has  in  some  localities  produced  a  more  despotic  inter- 
ference than  perhaps  anywhere  else.  In  the  city  of  New  York,  boilers  are  under 
the  supervision  of  the  municipal  police;  they  are  tested  periudically ;  and,  as  a 
result,  many  are  condemned  every  year.  By  an  enactment  of  Congress,  applicable 
to  all  the  States,J  steam  passenger  vessels  are  subjected  to  government  inspection. 
The  13th  section  of  this  Act  shows  a  very  acute  perception  of  the  real  cause  of  a 
boiler  explosion,  "  which,"  it  states,  "  shall  be  taken  as  full  prima  facie  evidence" 
of  negligence  on  the  part  of  the  owner,  upon  whom  is  thus  put  the  onus  of  disproof. 
The  law  of  Louisiana§  is  particularly  severe,  requiring  the  application  of  a  hydraulic 

■  '-  Institution  of  Hechaniea]  Engineers,  18G3.    Discussion  on  Mr.  James  Jack's  paper 
On  the  Effects  of  Surface  Condensers  on  Steam  Boilers." 
t"  Bulletin  de  la  Society  Indnstrielle  de  Mulhonse,"  1861,  p.  558. 
X  Session  of  Congress,  July  7,  1838.  g  "  Baltimore  American,"  1835. 
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test  threefold  that  of  the  working  pressure.  Of  course,  there  is  a  great  distinction 
between  enacting  a  law  and  putting  it  into  practical  execution,  and  it  is  probable 
that  laws  like  these  could  only  be  carried  out  by  organized  bodies  of  police,  like 
those  on  the  continent.  In  France,  in  1810,  1825,  1828,  1829,  1830,  1843,  and 
lastly  on  the  25th  of  January,  18C5,  as  many  different  regulations  have  been  issued 
with  respect  to  steam  boilers  of  all  kinds.  Beginning  by  requiring  that  every  boiler, 
even  of  wrought  iron,  should  be  submitted  to  a  hydraulic  test  of  five  times  the 
working  pressure,  this  has  been  successively  lowered  down  to  a  thretfold  pressure 
in  18-13,  and  lastly  to  a  twofold  pressure,  by  the  Imperial  decree  of  this  year.*  The 
previous  law  fixed  the  minimum  thickness  of  the  plates — a  regulation  which  un- 
doubtedly did  much  injury  to  boiler-making  in  France.  The  old  Prussian  regulation 
of  the  6th  of  May,  1838,  also  fixed  the  thicknesses  of  the  plates,  but  did  not  require 
any  hydraulic  test.  By  the  Regulative  of  the  31st  of  August,  1861,  this  was 
completely  altered.  The  construction  of  the  boiler  was  left  entirely  in  the  hands 
of  the  maker;  but  stationary  boilers  had  to  withstand  a  threefold,  and  locomo- 
tive boilers  a  twofold,  hydraulic  pressure.  In  the  same  way  as  with  the  present 
French  law,  the  test  had  to  be  repeated  after  any  considerable  repairs.  On  the  oth 
of  March,  18G3,  a  ministerial  decree  reduced  the  testing  pressure  for  old  locomotive 
boilers  down  to  l£  of  the  working  pressure;  and  another  Circular  Erlass,  published 
on  the  1st  of  December,  1864,  reduced  the  test  for  all  kinds  of  boilers  down  to  twice 
the  working  load.  There  is  now  no  material  difference  between  the  French  and  the 
Prussian  regulations  respecting  boilers ;  and  it  may  be  expected  that  those  con- 
tinental states,  such  as  Russia,  Switzerland,  and  Spain,  which  have  more  or  less 
copied  the  old  French  law  of  1843,  will  also  adopt  the  present  alterations.  There 
is  also  some  talk  about  altering  the  present  Austrian  law, J  which  determines  the 
thickness  of  the  plates,  but  only  demands  a  double  pressure  test.  The  Belgian 
reglement$  also  requires  double  the  working  pressure  for  common  boilers,  but  only 
1^  for  tubular  boilers.  According  to  Article  31,  the  test  must  be  annually  applied 
to  locomotive,  portable,  and  marine  boilers,  as  also  after  all  considerable  repairs. 
There  does  not  seem  to  be  any  general  law  in  Italy,  but  in  the  special  acts  autho- 
rizing railway  companies,  similar  requirements  to  the  French  regulations  are  laid 
down,  and  government  commissioners  see  that  they  are  carried  out.  Each  of  the 
smaller  German  states  also  has  its  law,  more  or  less  like  that  of  France  and  Prussia. 
Mecklenburg-Strelitz|]  requires  that  common  boilers  he  proved  to  three,  and  tubular 
boilers  to  twice  the  working  pressure,  to  be  renewed  every  fourth  year,  and  every 
time  that  the  boiler  is  repaired  or  altered;  Saxony,^"  that  cylindrical  boilers  be  tried 
to  twice  the  working  pressure,  and  tubular  boilers  to  a  pressure  three  atmospheres 
above  it.  Bavaria**  now  requires  double  the  working  power  pressure  for  new,  and 
one  and  a  half  for  old  boilers;  while  both  Hanover  and  Brunswick  each  have  a  some- 
what similar  regulation. f  f  The  French  law,  and  indeed  most  of  the  others,  require 
two  safety  valves;  and  many  are  extremely  minute  in  their  directions  with  respect 
to  glass  gauges,  steam  gauges,  and  other  fittings.  In  Great  Britain  there  are  no 
express  legislative  enactments  with  respect  to  boilers  beyond  those  stated  in  two 
clauses  of  the  Merchant  Shipping  Act,JJ  according  to  which  (1)  one  safety-valve  in 
every  boiler  of  a  vessel  carrying  passengers  shall  be  placed  beyond  the  control  of  the 
engine  driver;  and  (2")  any  overloading  of  this  valve  is  made  punishable  by  a  fine 
of  not  more  than  £100,  "in  addition  to  any  other  liabilities"  which  may  be  incurred 
by  such  an  act.  The  boilers  of  all  vessels  carrying  passengers,  before  clearing  out 
of  port,  are  subjected  to  a  careful  inspection  by  an  engineer- surveyor  of  the  Board 
of  Trade,  who  can  require  the  boiler  to  be  tested  in  the  usual  way  to  twice  the 
working  pressure  ;  and,  if  lie  think  fit,  he  can,  as  the  result  of  such  an  examination, 
place  the  option  before  the  shipowner  of  either  lowering  the  working  pressure  or 
renewing  the  boiler.  Armed  with  such  powers,  the  government  surveyor  is  also 
responsible  for  any  explosion  which  may  directly  occur  through  wear  and  tear. 
When  an  explosion  takes  place  on  a  passenger  railway,  one  of  the  Board  of  Trade 
inspectors  of  railways  examines  the  fragments  and  reports  upon  the  accident  to  the 
government  board,  who  communicate  it  to  the  railway  board.  The  reports  are  then 
printed,  in  order  to  be  presented  to  Parliament,  and  this  is  the  extent  to  which  the 
British  government  can  interfere  in  these  cases.  As  with  other  railway  accidents, 
however,  the  Board  of  Trade  inspector  is  examined  as  a  witness  in  any  action  for 
damages  against  the  railway  company.  All  other  boilers  in  the  United  Kingdom 
are  worked  without  any  government  or  municipal  interference  whatsoever.  Within 
late  years,  however,  private  companies  (the  first  of  which  was  organized  by  Mr. 
Fairbairn,  of  Manchester)  have  been  formed  for  the  prevention  of  boiler  explosions. 
In  return  for  a  small  annual  fee,  or  for  a  small  annual  insurance  premium,  the 
boilers  of  any  subscriber  or  insurer  are  periodically  inspected,  and,  if  required,  tested 
by  skilled  engineers.  There  can  be  no  doubt  that  these  companies  have  already 
prevented  a  great  amount  of  loss  and  disaster. 

It  may  thus  be  said  that  there  are  three  distinct  plans  fur  the  general  manage- 
ment of  steam  boilers  : — 1,  There  is  the  continental  plan  ;  2,  the  free  English  and 
American  mode;  3,  what  may  be  termed  the  Manchester  system.  The  continental 
mode  consists  in  a  strict  supervision,  sometimes  ruled  by  formula?,  of  the  original 
construction,  and  there  its  action  may  be  said,  for  the  most  part,  to  end.  It  does 
not,  and  cannot,  without  periodical  inspections,  take  into  account  the  effects  of  wear 
and  tear.  It  may  even  be  doubted  whether  the  old  French  law,  for  instance,  did 
not  do  more  harm  than  good  as  regards  construction.  The  official  formula,  accord- 
ing to  which  were  calculated  the  thicknesses  of  the  plates,  founded  as  it  was  upon  the 
assumptions  that  a  cylindrical  boiler  formed  an  exact  circle,  and  that  a  plate,  how- 
ever thick,  conducted  the  same  amount  of  heat  to  the  water,  was  obviously  incor- 
rect. What  may  be  termed  the  ordinary  English  and  American  plan  throws  the 
onus  of  proof  of  the  negligence  of  the  owner  on  those  damaged  by  an  explosion. 

*  De*cret  concernant  la  Fabrication  et  l'Etablissement  des  Machines  a  Vapeur.  25 
Janvier,  1865. 

t  "  Diisseldorfer  Zoitung."    24  ste  September,  1861. 

tReichs  Gesetz-Blatt  fu>r  das  Kaiserthum  Oesterreich,  1854;  p.  220. 

\  Ministers  des  Travaux  Publics,  Machines  a  Vapeur.— Rx-glement.  Donne*  &  Lnckcu 
le21  Avril,  1864. 

||  Grossherzoglich  Mecklenbnrg-Strelitzer  Offizieller  Anzeiger,  No.  11,  1S63. 

^[Gesetzliche  Verordnungen,  die  Anlcgung  von  Dampkessuln  betreffend.  Dresden, 
Mcinhold  nnd  Sceline,  1865. 

**  Regierungs-Blatt  filer  das  Kcenigreich  B:iyern,  22  Februar,  1865. 

ft  Gesetz-Sammlung  fuer  das  Kcenigreich  Hannover,  1863. 

■  \  Merchant  Shipping  Act,  27th  June,  1851,  Nos.  2S9  and  29S. 
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This  system  is  subject,  besides  other  difficulties,  to  all  the  objections  that  exist 
against  the  trial  of  scientific  questions  by  a  jury,  not  composed  of  experts,  and 
unaided  by  scientific  witnesses.  The  continual  occurrence  of  explosions  in  those 
cities  and  states  of  America  in  which  boilers  are  used  without  any  supervision  by 
the  authorities,  and  their  undue  occurrence  in  England  with  boilers  that  are  not 
subjected  to  systematic  inspection,  sufficiently  prove  that  steam  boilers  cannot  be 
worked  at  hap-bazard.  On  the  other  hand,  the  system  of  organized  inspection  by 
the  English  boiler  companies,  and  the  similar  system  according  to  which  the  passen- 
ger vessels  are  inspected  by  government  officers,  have  given  universal  satisfaction. 
A  proper  estimate  of  the  value  of  the  Manchester  and  Board  of  Trade  system,  com- 
pared with  the  continental  and  with  the  laisser  /aire  plans,  could  only  be  well  based 
on  numerous  statistics.  Unfortunately,  such  do  not  appear  to  have  been  formed. 
It  is  stated,*  however,  that  in  an  average  of  277  boilers,  there  were  two  explosions  in 
the  French  department  of  the  Haut-Rhin  within  ten  years;  and,  from  1856  to  1861, 
or  within  five  years,  there  were  only  two  explosions  in  an  average  of  1371  boilers, 
under  the  care  of  the  Manchester  Association.  About  four  expk  s:ons  occur  annually 
amongst  the  6500  locomotives  of  the  United  Kingdom;  three  have  already  taken 
place  this  year.  In  an  average  of  600  passenger  vessels  inspected  under  the  Steam 
Shipping  Acts,  only  three  explosions  occurred  since  18-16-47  in  Great  Britain ;  viz. : 
one  at  Lowestoft,  in  the  Tonning ;  another  at  Southampton,  in  the  Parana;  and  a 
third  at  Dublin.  These  last  results  speak  very  highly  for  the  care  and  abilities  of 
the  engineer  surveyors  of  the  Marine  Department;  and  the  continental  system  is 
thus  clearly  inferior  to  that  adopted  by  the  Board  of  Trade.  What  is  evidently 
wanted  is  that  the  system  of  skilled  periodical  inspection  should  spread  over  the 
kingdom.  To  a  certain  extent  this  is  taking  place,  but  this  progress  is  slow,  and 
needs  some  stimulus,  while  it  is  doubtful  whether,  in  out  of  the  way  districts,  the 
mere  expense  of  inspection  is  not  a  great  bar.  What  seems  to  be  needed  is,  that  in 
the  event  of  a  fatal  explosion,  the  coroner  of  the  district  should  be  enabled  to  write 
to  the  Home  Office  for  scientific  assistance  in  arriving  at  the  originating  cause. 
The  Secretary  of  State  might  then  call  upon  any  competent  engineer  for  a  report  on 
the  matter,  when  he  could  be  examined  as  a  witness  before  the  jury.  The  mere 
knowledge  that  any  explosion  would  be  strictly  investigated  by  an  expert,  might,  in 
many  cases,  be  sufficient  to  counterbalance  the  too  prevalent  tendency  to  prefer  risk 
to  expense. 

THE    HYDRAULIC  TEST. 

Although,  as  we  have  seen,  the  application  of  a  known  amount  of  hydraulic 
pressure  is  in  such  general  use  for  the  determination  of  the  strength  of  a  boiler, 
there  are,  nevertheless,  few  points  in  engineering  about  the  real  value  of  which  there 
is  so  much  dispute.  Everybody  seems  to  have  a  different  opinion  on  the  matter. 
Some  say  that  the  hydraulic  test  is  the  only  means  of  determining  the  strength  of 
a  boiler;  others  that  it  is  a  very  injurious  and  useless  measure.  As  to  its  amount, 
some  recommend  one-and-a-half,  many  twice,  some  thrice,  and  a  few  even  four 
times,  the  working  pressure.  While  numerous  engineers  advise  its  application  to 
old  boilers,  others  have  strong  objections  to  its  use  in  this  way.  Whether  the  force- 
pump  be  really  the  best  apparatus  for  its  application  is,  with  other  questions,  also 
placed  in  doubt.  The  truth  is  that,  while  on  the  one  band,  like  other  tests,  it  may 
be  abused  and  wrongly  applied,  on  the  other  its  value  may  also  be  exaggerated. 

The  best  practical  proof  of  its  necessity  for  new  boilers  is  afforded  by  the  fact 
that  explosions  have  occurred  the  first  time  steam  has  been  got  up — such  as  that 
at  the  Atlas  Works,  Manchester,  in  1858.  Unless  every  plate  be  separately  tested 
up  to  proof  load,  it  is  impossible  to  be  certain  whether  one  of  them  is  not  defective. 
This  function  is  clearly  much  better  performed  by  the  hydraulic  test.  Then,  as  to 
its  application  to  old  boilers,  much  can  be  learnt  during  internal  examination,  but 
it  is  not  always  possible  to  tell  the  remaining  thickness  of  the  plates  by  this  means, 
nor  their  deterioration  through  the  heat.  It  is  often  said  that  a  successful  resist- 
ance to  the  hydraulic  test  is  no  proof  that  the  boiler  might  not  have  been  bnrst  by 
a  few  pounds  more ;  and  that  it  may  so  surfer  as  to  perhaps  afterwards  burst  with 
a  less  pressure  of  steam.  But  this  is  no  more  true  than  it  is  true  of  a  girder,  for 
instance,  which  has  withstood  without  permanent  deflection  its  proof  load.  In  every 
case  it  is  necessary  that  its  effects  on  the  boiler  should  be  exactly  ascertained.  In 
fact,  the  real  test  consists  in  this  examination,  and  the  proof  pressure  is  only  a 
means  to  this  end.  The  boiler  should,  if  possible,  be  subjected  to  a  careful  internal 
and  external  examination.  With  locomotives  this  can  only  be  accomplished  by 
taking  out  the  tubes;  with  ordinary  land  boilers  it  can  only  be  done  by  removing 
the  brickwork.  In  fact,  it  may  be  said  that  a  steam  boiler  is  never  absolutely  safe 
which  cannot  be  easily  examined — more  especially  from  the  inside.  But  by  gauging 
the  flue  tubes,  the  combustion  chambers,  the  flat  surfaces,  and  even  the  barrels,  it 
may  be  ascertained  very  nearly  whether  the  limits  of  elasticity  of  the  material  have 
been  exceeded  —  whether  therefore  the  pressure  has  additionally  injured  a  boiler 
which  was  near  rupture  already.  It  is  often  very  plausibly  observed  that  there  is 
great  danger  in  testing  a  boiler,  which  cannot  be  examined  internally,  to  double,  or 
even  to  only  one  and  a  half  the  working  pressure.  It  is  said  that  the  test  may 
strain  the  boiler  without  its  showing  any  outward  indication.  It  is  certainly  just 
possible  that  such  a  case  might  happen.  A  locomotive  boiler,  which  had  been 
tested  with  196  lbs.  pressure,  the  water  being  at  162°  Fahr.,  in  September,  1860,  but 
had  not  been  examined  internally,  burst  on  the  1st  of  April,  1861, f  under  only  120 
lbs.  of  steam.  The  boiler  gave  way  at  the  smoke-box  ring  of  the  barrel,  and,  as 
usual,  from  a  furrow  or  crack  running  close  to  and  parallel  with  the  inside  overlap 
of  the  longitudinal  joint.  It  is  difficult  to  believe  that  if  this  ring,  as  well  as  the 
others,  had  been  gauged  after  stripping  the  lagging  from  the  outside,  as  is  done 
by  the  engineers  of  the  Manchester  Boiler  Association,  it  would  not  have  shown  a 
permanent  increase  of  diameter  or  some  bulging  under  the  extra  pressure.  If,  in 
addition  to  a  neglect  of  careful  measurements  before  and  after  the  application  of 
the  pressure,  this  test  is  carried  very  high,  then  the  whole  operation  may  undoubt- 
edly be  a  cause  of  that  which  it  is  intended  to  prevent.  According  to  the  Prussian 
law,  every  new  locomotive  boiler  had  to  be  re-tested  to  double  the  working  pressure 
after  running  8000  Prussian  miles,  and  afterwards  for  each  5400  miles.  These 
measures,  while  they  did  not  entirely  prevent  explosions,  greatly  injured  the  boilers, 

*  "  Bulletin  de  la  Societe"  Industrie!!?  de  Mulhouse."  1861,  p.  525. 
t  Board  of  Trade  Report,  1861.    Part  4. 


by  straining  the  staybolts,  and  by  the  resulting  excessive  caulking  required  to  make 
the  joints  tight.  On  the  other  hand,  the  absolate  security  afforded  by  drawing  the 
tubes  can,  under  the  present  mode  of  construction,  be  only  obtained  at  the  expense 
of,  perhaps,  300  tubes,  costing  from  25s.  to  275.  each,  besides  some  injury  to  the 
tube  plates. 

Whatever  may  be  said  against  the  hydraulic  test,  the  best  argument  in  its  favour 
is  its  very  general  adoption.  New  government  boilers  in  the  United  States  must 
be  tried  to  a  pressure  two-thirds  greater  than  the  working  pressure ;  the  same 
measure  being  carried  out  with  the  3000  boilers  in  the  city  of  New  York.  Mr. 
Anderson,  C.E.,  of  Woolwich,*  directs  his  subordinates  to  use  a  test  of  at  least 
double  the  working  pressure  for  the  boilers  in  the  royal  gun  factories.  Mr.  Muntz, 
of  Birmingham,  has  publicly  stated  that  he  has  for  years  adopted  an  annual 
hydraulic  test,  "  considering  it  a  duty  he  owes  to  his  workmen."  The  Eastern 
Counties,  the  South  Eastern,  the  Lancashire  and  Yorkshire,  the  Caledonian,  the 
North  British,  the  Edinburgh  and  Glasgow,  and  the  London  and  South  Western 
Railway  Companies  employ  the  hydraulic  test  for  both  new  and  old  boilers,  using 
generally  double  the  working  pressure.  The  London  and  North  Western  are  stated 
to  have  nsed  it  for  only  new  boilers — at  any  rate,  until  recently.  The  Great 
Northern  and  the  Great  Western  Railway  Companies  do  not  use  it,  and  it  is  accord- 
ingly on  these  lines  that  the  greater  number  of  explosions  take  place.  Practical 
experience  thus  proves  that,  though  there  is  just  a  chance  of  the  test  failing  to 
detect  a  weak  boiler  when  it  caunot  be  examined  internally,  the  danger  is  greater 
in  not  using  the  hydraulic  test  at  all.  Mr.  Beattie,  of  the  London  and  South 
Western,  strips  the  lagging  every  two  years,  and  applies  a  pressure  of  190  lbs.,  the 
working  pressure  being  125  lbs.  Mr.  Fletcher,  of  the  Manchester  Boiler  Associa- 
tion, employs  double  the  intended  working  pressure  for  new,  and  from  1;}  to  If  the 
working  pressure  with  old,  boilers.  The  most  commonly  used  test  is  thus  double 
the  working  pressure  for  old  boilers,  with  a  diminution  according  to  circumstances 
as  they  get  old. 

An  objectionable  plan  in  measuring  the  pressure  applied,  and,  for  several  reasons, 
one  likely  to  lead  into  error,  is  estimating  it  from  the  load  on  the  safety-valve  lever. 
A  metallic  gauge  should  be  used,  and  very  neat  pocket  instruments  of  the  kind 
are  sold  in  Paris.  In  frosty  weather  the  rivet  heads  are  liable  to  be  snapped  if 
the  metal  be  not  somewhat  warmed  by  using  hot  water.  The  hydraulic  ram  kind 
of  action  on  the  sides  is  also  much  less  likely  to  occur  if  a  rather  narrow  force  pipe 
be  used  for  the  pump. 

There  can  be  no  doubt  that  it  would  be  a  valuable  thing  to  be  able  to  employ 
some  means  of  measuring  the  permanent  and  the  temporary  extension  of  volume,  if 
any,  produced  by  the  hydraulic  test.  It  is  probable  that  a  boiler,  as  it  gets  old, 
and  takes  a  permanent  set  under  the  pressure,  also  increases  in  volume;  so  that  it 
doubtless  holds  a  few  gallons  more  than  it  did  when  new.  An  ingenious  plan  for 
measuring  the  increase  of  volume  is  recommended  in  the  Bavarian  regulation.  After 
the  boiler  is  filled,  the  f.  mount  of  water  forced  in  is  measured  by  pumping  it  from 
a  vessel  marked  with  divisions.  When  the  pressure  is  removed  the  boiler  contracts 
more  or  less,  forcing  out  at  least  a  portion  of  the  water;  the  amount  remaining  is 
supposed  to  give  the  dilatation  of  volume  of  the  boiler.  The  difficulty  in  the  use  of 
this  plan  would  probably  consist  in  the  presence  of  air  in  the  water  itself,  and  any 
which  might  chance  to  remain  in  the  boiler.  That  in  the  water  might  be  greatly 
diminished,  or  at  any  rate  brought  down  to  a  constant  amount,  by  boiling;  but 
there  would  be  no  precise  security  against  any  air  in  the  boiler,  and  as  the  weight 
of  the  air  absorbed  by  water  (according  to  a  well-known  law)  is  in  proportion  to  the 
pressure,  it  would  be  taken  up  by  the  water,  thus  falsifying  the  indications  when 
the  pressure  was  removed.  On  the  other  hand,  a  high  temperature  of  the  water 
would  form  an  impediment  to  this  absorption.  The  experiment  is  certainly  worth, 
trying.  It  might  be  very  valuable  with  tubular  boilers  inaccessible  from  the  inside, 
as  any  permanent  set  or  deflection  ought  to  be  indicated  by  little  or  no  water  being 
compressed  out  by  the  contraction  of  the  boiler  on  the  removal  of  the  pressure.  As 
long  ago  as  1844,  M.  Jobard,  of  Brussels,  in  order  to  obviate  the  supposed  injurious 
effects  of  the  hydraulic  blow  of  the  water  on  the  plates,  proposed  to  fill  the  boilei 
with  water,  first  loading  the  safety  valves,  and  to  then  dilate  the  water,  and  conse- 
quently the  boiler,  by  means  of  heat  applied  to  the  outside.f  More  recently,  Dr. 
Joule,  of  Manchester,  has  used  the  same  plan  himself,  proposing  it  for  general 
adoption.!  In  addition  to  the  loaded  safety  valve,  he  used  a  metallic  pressure 
gauge  "  to  be  constantly  observed,  and  if  the  pressure  arising  from  the  expansion  of 
the  water  goes  on  increasing  continuously  without  sudden  decrease  or  stoppage 
until  the  testing  pressure  is  obtained,  it  may  be  inferred  that  the  boiler  has  sus- 
tained it  without  having  suffered  strain."  Another  plan,  also  founded  upon  the 
same  principle  of  the  irregularities  of  extension  of  metals  when  the  limit  of  elasticity 
is  exceeded,  has  lately  been  proposed. §  This  consists  in  bringing  an  ordinary 
steam-engine  indicator  in  communication  with  the  pump  plunger  as  if  it  were 
a  steam-engine  piston-rod.  The  ordinates  of  the  pencil  diagram  would  thus  give 
the  pressure  in  the  boiler,  while  the  respective  abscissae  would  give  the  quantity  of 
water  pumped  in  at  each  stroke.  As  long  as  the  limit  of  elasticity  was  not 
exceeded  there  would  be  a  horizontal  line,  while  a  curved  line  would  appear  as 
soon  as  the  sides  began  to  take  a  permanent  deflection.  There  seems  to  be  a  sort 
of  contradiction  in  depending  for  results  like  these  upon  such  irregular  appearances 
as  the  extensions  beyond  the  elastic  limit.  But  all  these  proposals  are  undoubtedly 
worth  trial  in  practice.  Dr.  Joule's  plan  has  the  merit  of  affecting  the  plates  by 
both  heat  and  pressure — thus  bringing  them  under  evcry-day  conditions. 


INSTITUTION  OF  MECHANICAL  ENGINEERS. 

The  second  meeting  of  this  body  for  1865  was  held  on  the  2nd  August  in  the  Exa- 
mination Hall,  Trinity  College.     There  was  a  numerous  attendance  of  members, 

*  "Instructions  to  be  Observed  in  the  Management  of  Steam  Boilers  in  the  Royal 
Gun  Factories." 

t  "  Technologists"  1844,  p.  135. 

f'Ona  Method  of  Testing  the  Strength  of  Boilers."  Journal  of  the  Manchester 
Philosophical  Society,  1862,  p.  97. 
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Robert  Napier,  Esq.,  Shandon,  Glasgow,  President  of  the  Institution,  again 
occupied  the  chair. 

THE  MANUFACTURE  OF  COMPRESSED  TEAT. 

The  Secretary  read  a  paper  communicated  by  Mr.  C.  Hodgson,  of  Portarlington, 
on  the  manufacture  of  compressed  peat  fuel.  The  author  commenced  by  stating, 
that  improvements  in  the  ordinary  mode  of  preparing  peat  fuel  have  attracted  much 
attention  for  many  years.  The  chief  difficulty  lay  in  drying  the  wet  turf  taken 
from  the  bog.  A  system  which  had  in  it  all  the  elements  of  success  was  proposed  by 
Groyuell  and  others  about  fifteen  years  ago.  Their  idea  was  to  cut  turf  in  the  ordi- 
nary way,  and  to  air-dry  it  to  the  extent  possible  during  the  summer,  then  to  grind 
it  and  complete  its  dessiccation  whilst  in  a  state  of  powder,  and  subsequently  to  com- 
press it  in  a  machine  provided  with  a  reciprocating  ram,  and  several  moulds  capable 
of  being  brought  successively  under  the  ram.  A  beautiful  sample  of  hard  fuel  was 
thus  obtained;  but  the  quantity  made  was  limited  to  samples,  the  machine  being 
complicated.  The  practical  difficulties  which  beset  all  early  attempts  in  the  manu- 
facture of  peat  fuel  have  now,  however,  been  overcome  by  the  system  of  machinery 
now  employed  at  Derrylea  Peat  Works.  The  system  in  use  at  these  works  is  based 
on  the  principle  that  the  drying  of  the  peat  is  the  main  difficulty  of  the  manufacture, 
and  this  is  accomplished  by  operating  continually  on  the  surfaces  of  disintegrated 
peat  instead  of  on  compact  sods  or  blocks,  and  then  using  compression  only  as  a  means 
to  render  the  already  prepared  peat  transportable  and  marketable.  The  plan  of  ob- 
taining the  peat  from  the  bog  by  successive  harro  wings  and  scrapings  forms  also  a 
part  of  this  system  of  drying  by  the  natural  surfaces.  Having  described  the  position 
of  the  bog  at  present  operated  on,  the  author  next  detailed  the  apparatus  for  use  at 
the  works.  They  consist  of  a  railway  formed  of  36ib.  rails,  well  fitted  at  the  joints, 
running  along  the  centre  of  the  drained  piece  of  bog.  It  is  laid  ou  sleepers  of  native 
timber,  and  carries  an  eight  ton  locomotive  engine.  On  these  rails  runs  a  six- 
wheeled  track,  across  which  and  reaching  the  entire  breadth  of  the  drained  grounds 
lies  a  square  iron  latticed  girder,  which  is  formed  of  half-inch  iron  at  the  corners  of 
each  of  the  four  latticed  sides,  being  one  and  a  half  iuch  by^-  inch  iron,  with  two  feet 
spaces.  It  is  six  feet  square  at  the  centre  where  it  rests  on  the  wagon,  and  tapers 
to  one  foot  square  at  each  end,  and  is  assisted  perpendicularly  and  laterally  by 
wire  rope  stays  set  in  taut.  This  apparatus  is  propelled  by  the  locomotive  at  the 
rate  of  about  four  miles  an  hour,  with  its  great  arms  stretching  over  the  bog  at 
each  side  to  the  distance  of  nearly  150  feet,  and  to  it  are  attached  ten  harrows, 
each  six  feet  square,  which,  by  repeatedly  passing  over  the  ground,  scarify  it,  and 
pulverize  the  surface  to  a  depth  of  from  one  to  two  inches.  The  operation  is  per- 
formed during  any  moderately  fine  weather  in  the  mornings  and  during  the  day. 
The  light  powdered  surface,  which  readily  dries  to  a  certain  extent,  is  wheeled  to 
the  road  by  men,  and  wagoned  into  the  works  for  manufacture.  In  dry  weather 
the  upper  surface  of  the  bog,  thoroughly  drained  as  it  is,  will  always  contain  much 
less  water,  perhaps  less  than  half  what  the  general  mass  retains  ;  and  as  by  this 
mode  of  operation  a  fresh  upper  surface  is  being  daily  exposed,  it  follows  that  peat 
in  the  most  favourable  state  for  drying  is  being  constantly  operated  on.  As  soon 
as  the  harrowing  begins  rapid  drying  takes  place,  and  a  very  large  portion  of  the 
water  which  is  not  removed  by  drainage  is  evaporated  by  a  few  hours'  exposure. 
The  mull,  when  wagoned  into  the  factory,  is  generally  found  to  consist  of  about 
40  per  cent,  peat,  and  60  per  cent,  water.  Bog  in  its  natural  state  consists  of  90 
parts  water,  and  10  peat.  When  drained  as  described,  after  some  hours  of  an  aver- 
age dry  cay,  it  consists  of  60  parts  water  and  40  parts  peat.  At  Derrylea  the  only 
artificial  heat  used  is  that  obtained  from  the  waste  steam  of  the  compressing  engines 
and  the  smoke  and  gases  of  the  boiler  fires.  These  are  applied  to  heat  very 
extensive  surfaces  formed  of  sheet  iron,  on  which  is  spread  a  thin  layer  of  peat  fuel, 
kept  in  continual  and  progressive  motion  by  machinery.  The  drying  kilns  consist 
of  brick  buildings  500  feet  long  by  34  feet  wide,  having  an  upper  and  an  under  floor 
of  £  inch  sheet  iron  extending  the  entire  length.  The  buildings  are  of  brick,  roofed 
with  tiles.  Under  the  lower  floor,  which  is  placed  about  two  feet  from  the  ground, 
is  blown  the  smoke  and  waste  heat  from  the  boilers,  and  instead  of  the  ordinary 
chimney  a  large  fan  is  used  to  urge  the  fires,  and  force  the  products  of  combustion 
under  this  sheet-iron  table.  The  upper  floor  is  carried  on  cast-iron  girders,  and 
stands  four  feet  high  above  the  lower  one.  It  is  made  double,  with  a  distance 
between  the  sheets  of  about  four  inches,  for  the  purpose  of  being  heated  by  waste 
steam  from  the  compressing  steam  engine.  By  the  time  the  whole  of  the  60  per 
cent,  of  water  is  evaporated,  an  arrangement  of  bands  and  elevators  conveys  the  peat 
to  a  loft  over  the  compressing  machine,  where  it  is  subjected  to  the  action  of  an 
apparatus,  the  result  of  which  is  to  pass  the  peat  down  a  tube  by  the  action  of  a 
ram.  As  the  peat  is  driven  forward  in  the  tube,  it  becomes  so  wedged,  and  so 
powerful  a  resistance  is  offered  by  the  friction  against  the  sides  of  the  tube,  that 
each  successive  charge  is  consolidated  into  a  separate  hard  block  before  the  whole 
mass  in  the  tube  yields.  The  outer  end  of  the  tube  is  entirely  open,  the  compressed 
peat  is  delivered  from  it  in  a  continuous  cylindrical  bar  which  can  be  readily  broken 
up  into  separate  discs  of  one  inch  thickness  each,  which  are  formed  at  each  stroke 
of  the  saw.  Each  block  in  transitu  remains  one  minute  under  pressure,  and  the 
quality  of  the  compressed  peat  as  fuel  is  further  improved  by  its  being  made  to 
pass  along  an  open  shoot  continued  from  the  end  of  the  tube  some  300  feet  from 
the  machine  to  the  store  or  wagon,  without  rupturing  the  continuous  cylindrical 
bar  in  which  the  peat  issues  from  the  machine.  Peat  thus  prepared  is  then  roughly 
freed  from  moisture,  and  well  adapted  for  the  boilers  of  stationary  engines,  and  for 
brewers'  work,  and  has  found  a  ready  sale  for  household  purposes,  its  great  cleanli- 
ness and  freedom  from  smoke  being  a  strong  recommendation.  A  very  good  gas  is 
made  by  using  one  third  of  cannel  coal,  and  two  thirds  of  this  compressed  peat,  but 
probably  from  its  application  to  the  manufacture  of  iron  the  most  useful  results 
will  yet  be  denied. 

A  discussion  followed  the  reading  of  the  paper. 

ROCK-BORING    MACHINE. 

The  secretary  read  a  paper  by  Mr.  George  Low,  of  Dublin,  containing  an  elaborate 
description  of  the  rock-boring  machine  used  at  the  Roundwood  tunnel  of  the  Dublin 
Corporation  Water  Works.  This  machine  is  for  the  purpose  of  driving  tunnels,  &c, 
or  quarrying  in  rock,  with  the  view  to  facilitate  and  expedite  the  work  by  supersed- 


ing the  very  slow  and  laborious  method  of  executing  the  work  by  hand,  the  machine 
actuating  a  tool  or  jumper  for  boring  the  holes  for  the  purpose  of  blasting  the 
rock,  which  is  the'only  method  by  which  hard  rock  can  be  worked.  The  tool  is  pro- 
pelled by  compressed  air,  and  works  in  a  direct  line  with  a  self-acting,  reciprocating 
motion,  at  a  very  high  velocity,  being  continuously  turned  round  during  its  working, 
rotating  slightly  between  each  blow.  The  tool  is  fixed  direct  upon  the  end  of  the 
piston  rod  of  a  working  cylinder,  and  this  cylinder  also  moves  within  another  exterior 
cylinder,  in  which  it  is  made  to  rotate,  giving  the  rotating  motion  to  the  tool ;  it  has 
also  a  longitudinal  forward  propelling  motion  within  the  external  cylinder,  giving  the 
advancing  speed  to  the  tool,  which  is  done  by  the  compressed  air  which  works  the 
tool,  thereby  dispensing  with  the  necessity  of  employing  propelling  gear,  which  is 
liable  to  break  and  get  out  of  order,  and  is  subject  to  rapid  wear.  The  external 
cylinder  is  carried  by  a  pair  of  trunnions  centred  in  a  movable  radial  arm,  or  rib, 
giving  the  means  of  adjusting  the  tool  to  any  desired  direction  or  position,  so  that 
the  holes  may  be  bored  in  the  most  suitable  direction,  according  to  the  strata  of  the 
rock,  for  the  blasting  to  take  the  best  effect  in  fracturing  the  rock.  This  machine, 
which,  as  stated,  is  the  invention  of  Mr.  Low,  of  Dublin,  was  shown  full  size  in  a 
series  of  coloured  drawings  prominently  displayed  on  the  platform.  The  total  length 
of  the  machine  is  four  feet  six  inches,  being  made  as  short  as  possible  to  allow  it  to 
be  moved  in  any  direction  in  the  tunnel,  so  as  to  work  at  any  required  angle  or  in 
any  position  or  direction  that  may  be  required.  A  detached  description  was  given 
of  the  different  parts  of  the  machine,  and  of  the  manner  in  which  the  tools  which 
bore  into  the  rock  are  worked.  The  compressed  air  for  working  the  boring  machine 
is  supplied  by  pumps  worked  by  a  small  portable  steam  engine.  The  compressing 
pumps  are  at  the  top  of  the  shaft,  and  consist  of  two  horizontal  compressing 
cylinders;  the  minimum  pressure  maintained  on  the  receiver  is  7olbs.  per  square 
inch,  and  the  maximum  1251bs. ;  the  average  is  851bs.  The  compressed  air  is  con- 
veyed by  cast-iron  pipes  with  india  rubber  joints  up  to  within  50  or  60  feet  of  the 
boring  machine.  It  is  then  conveyed  through  an  india  rubber  pipe  with  six  ply 
canvas  about  100  feet  long,  which  allows  the  boring  machine  to  be  advanced  or 
withdrawn  without  interfering  with  a  single  joint.  The  average  rate  at  which  the 
very  hard  rock  is  bored  by  the  machine  at  the  tunnel  is  about  one  inch  per  minute, 
and  it  has  been  found  that  it  bores  quicker  and  keeps  the  edge  on  the  tool  better 
by  striking  with  less  force  of  blow,  but  with  greater  rapidity.  The  blows  have 
been  increased  from  250  to  500  or  600  blows  per  minute,  and  the  result  is,  that 
one  hole  is  now  bored  with  two  tools  without  sharpening,  instead  of  using  five  or 
six  as  formerly,  and  with  one  tool  a  hole,  26  inches  deep,  is  bored  in  the  Dalkey 
granite  without  sharpening.  The  average  rate  at  which  the  machine  now  bores 
is  10  and  11  inches  depth  in  4  £  to  8  minutes  for  the  first  portion  of  the  hole,  and 
9  and  9j  inches  in  depth  in  3  to  3j  minutes  in  the  second  portion."  The  following 
special  points  of  advantage  have  been  experienced  in  this  boring  machine: — Thebore- 
ing  part  of  the  machine  with  the  tool  is  made  very  short,  so  as  to  allow  it  to  work 
in  any  direction  and  position  in  the  tunnel,  in  order  that  the  blast  of  the  hole  bored 
may  displace  the  largest  amount  of  material,  and  the  carriage  frame  carrying  the 
working  cylinder  is  very  compact,  occupying  little  space,  and  allowing  the  cylinder 
to  be  quickly  adjusted  into  any  desired  position.  The  reciprocating  parts  are  very 
few  in  number  and  in  the  direct  line  of  percussion  ;  there  are  only  the  piston  and 
rod  in  one  piece  of  steel,  and  the  tool  secured  in  the  piston  rod,  so  as  to  allow  no 
play.  The  advance  of  the  tool  is  self-acting,  and  exactly  at  the  same  rate  as  the 
tool  is  cutting,  however  variable  may  be  the  nature  of  the  rock ;  and  whether  the 
tool  may  be  cutting  at  the"  rate  of  three  inches  per  minute  at  one  part  of  the  hole, 
or  only  one  inch  per  minute  at  another  part,  the  advance  of  the  tool  is  exactly  at  the 
same  rate  in  each  case.  The  outer  end  of  the  tool  is  guided  in  a  bearing  to  prevent 
it  from  working  to  one  side.  The  motion  for  working  the  valve  is  gradual  and  easy 
in  its  action.  The  machine  is  arranged  so  that  it  can  be  brought  to  work  again 
immediately  after  a  set  of  holes  have  been  blasted,  and  before  the  debris  is  removed, 
which  can  be  done  whilst  the  machine  is  at  work,  the  material  being  carried  or 
t brown  through  the  machine,  and  a  jet  of  air  being  left  open  near  the  face  at  the 
time  of  explosion,  soon  dilutes  and  clears  off  the  gases  resulting  from  the  explosion 
of  the  powder.  This  saves  much  loss  of  time,  which  occurs  with  other  machines 
in  removing  the  debris  before  the  machine  can  be  set  to  work  again.  The  com- 
pressed air  on  being  discharged,  also  serves  effectively  to  ventilate  the  workings, 
and  supplies  fresh  air  to  the  miners. 

The  reading  of  the  paper  was  followed  by  an  animated  discussion,  in  which  the 
President,  Mr.  Cochrane,  and  other  gentlemen,  took  part. 

THE    DUBLIN   WATER   WORKS. 

The  Secretary  then  read  the  following  description  of  the  Dublin  Corporation 
Water  Works  now  in  progress  for  the  supply  of  water  from  the  river  Vartry  by 
Mr.  Parke  Neville,  engineer  in  chief  to  the  Water  Works: — "The  supply  of  water 
to  the  city  of  Dublin  was  for  several  centuries  entirely  obtained  from  the  river 
Dodder,  across  which  a  weir  had  been  constructed  near  Templeogue  at  about  five 
miles'  distance  from  Dublin,  and  whence  the  water  was,  and  is  still,  conveyed  into 
Dublin  by  an  open  conduit  called  the  City  Water-course.  In  1775  the  water  sup- 
plied from  this  source  was  found  so  bad  and  insufficient,  that  the  Corporation 
arranged  for  obtaining  what  was  then  considered  an  ample  supply  of  water  from 
the  Grand  Canal;  and  again,  in  1806,  the  quantity  having  become  insufficient,  a 
better  supply  was  procured  from  the  Grand  Canal,  and  also  from  the  Royal  Canal, 
which  was  measured  by  overfalls  of  a  certain  length.  This  last  arrangement  was 
made  to  extend  over  a  term  of  sixty  years,  and  under  it  Dublin  has  been  supplied 
up  to  the  present  date.  The  Royal  Canal  supplies  water  to  the  north  side  of  the 
city,  and  the  Grand  Canal  and  City  Water-course  to  the  south  side,  the  water  for 
the  former  being  received  in  the  City  Basin  at  Blessington  Street,  and  for  the  latter 
into  the  James'  Street  and  Portobello  Basins.  The  level  of  the  water  in  the  north 
side  basin  is  78  feet,  and  in  the  south  basin  76  feet,  above  Ordnance  datum,  which 
is  the  level  of  low  water  of  a  12  foot  tide.  The  surface  levels  of  the  lowest  parts 
of  the  city  along  the  quays  range  from  20  to  28  feet  above  this  datum,  and  the 
head  of  water  in  this  part  of  the  city  is  therefore  only  about  50  feet,  while  over  the 
average  of  the  city  it  is  not  more  than  25  feet,  and  some  parts  are  at  too  high  a  level 
to  be  supplied  at  all.  The  water  obtained  from  the  Dodder  is  of  a  soft  quality,  and 
would  be  very  good  for  domestic  use,  were  it  not  for  the  pollutions  received  from  paper 
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and  other  mills  which  have  been  allowed  to  be  erected  from  time  to  time  along  the 
course  of  the  river.  The  water  of  the  canals  is  very  hard,  having  a  hardness  of  15 
to  16  degrees  by  Clarke's  test,  and  it  is  liable  to  great  pollution.  For  many  years 
the  want  of  a  really  good  supply  of  soft  water,  and  at  high  pressure,  for  the  city  and 
suburban  districts  was  strongly  felt,  and  various  plans  were  proposed  for  obtaining 
a  new  or  improved  supply.  In  1857  it  was  proposed  to  obtain  a  supply  from  the 
canals  from  a  higher  level  where  their  water  was  more  pure,  and  it  was  afterwards 
proposed  to  obtain  water  from  the  Liffey  about  twenty  miles  above  Dublin;  but 
finally,  in  I860,  the  whole  question  of  the  water  supply  to  Dublin  was  referred  to  a 
royal  commissioner,  Mr.  Hawkshaw,  who  recommended  the  obtaining  a  supply  of 
water  from  the  river  Vartry.  An  act  was  obtained  in  18G1  for  the  purpose  of 
carrying  this  into  effect,  and  the  work  was  commenced  in  November,  1862,  the 
amount  of  the  contract  for  the  whole  being  £274,000.  It  was  finally,  in  18G0, 
decided  that  the  best  source  from  which  an  improved  supply  could  be  obtained,  was 
the  river  Vartry,  and  for  this  purpose  the  Dublin  Corporation  Water  Works  Act 
was  passed  in  1861,  and  the  first  stone  of  the  new  works  was  laid  at  Stillorgan  in 
18G2.  The  river  Vartry  rises  at  the  southern  base  of  the  great  Sugar  Loaf  moun- 
tain, in  the  county  of  Wicklow,  and  flowing  in  a  southerly  direction  through  a 
very  thinly  populated  country,  reaches  the  Devil's  Glen  at  a  distance  of  about  ten 
miles  from  its  source.  After  passing  over  the  fall  it  continues  through  the  glen, 
and  by  Ashford  and  Newrath  bridges,  to  the  broad  lough,  from  which  it  flows  into 
the  sea  at  Wicklow.  The  water  of  the  Vartry  is  collected  entirely  from  a  clay  slate 
district,  and  is  peculiarly  soft  and  pure,  and  during  the  greater  part  of  the  year 
quite  free  from  all  colour.  It  is  almost  identical  in  analysis  with  the  Loch  Katrine 
water,  which  now  supplies  Glasgow.  Rain  gauges  have  been  set  up  in  different 
positions,  and  at  different  elevations  within  the  drainage  area  of  the  catchwater 
basin,  which  have  been  accurately  observed  for  more  than  four  years,  and  they  have 
registered  the  fallowing  as  the  average  annual  receipt  over  the  whole  area : — 


1861 
1862 
1863 
1864 


Inches. 
60-37 
60-48 
44-85 
48*39 


This  is  a  much  larger  rainfall  than  it  was  originally  calculated  that  the  district  would 
yield,  and  leaves  no  doubt  as  to  the  sufficiency  of  the  supply ;  and  the  whole  of  the 
water  for  the  catchment  is  available  for  the  waterworks  purposes,  as  all  mill-owners' 
rights,  &&,  along  the  course  of  the  river  have  been  bought  up,  and  no  compen- 
sation water  has  to  be  given  off.  -  The  place  selected  for  the  formation  of  the  storage 
reservoir  is  at  Roundwood,  about  7^  miles  below  the  source  of  the  river,  and  at 
the  point  where  the  great  embankment  for  the  reservoir  has  been  constructed,  the 
bed  of  the  river  is  632  feet  above  Ordnance  datum,  or  520  feet  above  the 
highest  part  of  Dublin.  The  drainage  area  above  this  point  is  13,992  acres,  or  22 
square  miles,  and  the  area  of  the  reservoir  will  be  409  acres.  When  full,  the  level 
of  the  water  will  be  692  feet  above  the  datum,  and  the  reservoir  will  hold  about 
2,400,000,000  gallons  of  water,  or  200  days'  supply  for  the  city  and  suburban  dis- 
tricts, taking  the  daily  quantity  required  at  12,000,000  gallons;  but  this  is  much  in 
excess  of  what  it  is  expected  will  actually  be  required  for  many  years,  as  the  present 
population  to  be  supplied  is  only  about  340,000  persons.  The  quantity  calculated 
upon  would  supply  a  population  of  400,000  persons  with  25  gallons  per  head 
per  day,  and  leave  a  surplus  of  2,000,000  gallons  per  day  for  manufacturing  and 
other  purposes.  The  main  embankment  of  the  Roundwood  reservoir  is  60  feet  high 
in  the  deepest  part,  and  the  greatest  depth  of  water  in  the  reservoir  is  60  feet.  The 
embankment  is  2,000  feet  long  on  the  top,  and  will  have  a  public  road,  24  feet 
wide,  carried  over  it.  The  entire  breadth  of  bank  at  top  is  28  feet,  and  at  base,  in 
the  deepest  part,  380  feet.  The  outer  slope  is  2£  to  1,  and  the  inner  3  to  1, 
and  the  total  quantity  of  earthwork  in  the  embankment  is  320,000  cubic  yards. 
The  puddle  wall  is  six  feet  wide  at  top,  and  about  eighteen  feet  wide  at  bottom, 
on  the  level  of  the  surface  of  the  old  river  bank,  and  throughout  its  entire  length 
the  puddle  wall  is  carried  down  to  the  solid  rock.  The  bywash  or  waste  weir  is 
300  feet  long.  A  tunnel  for  the  outlet  from  the  reservoir  is  formed  under  the  east- 
ern end  of  the  embankment  by  excavating  an  open  cutting  into  the  rock,  and  then 
arching  it  over  with  a  semicircular  arch  of  ashlar  stone  four  feet  thick;  it  is  14  feet 
high  by  14  feet  wide  in  the  broadest  part.  Near  the  centre  of  this  tunnel  is  a 
brick  plugging  20  feet  thick,  carefully  toothed  into  wedge-shaped  recesses  in  the 
solid  rock.  Through  this  plugging  are  laid  two  cast-iron  pipes  of  48  and  33  inches 
diameter,  the  largest  of  which  is  intended  chiefly  as  a  sluice  for  lowering  the  water 
level  in  the  reservoir  quickly,  and  it  is  continued  into  the  tail  of  the  bywash  near 
where  the  latter  joins  the  old  river  course.  The  33  inch  pipe  is  for  conveying  the  water 
into  the  circular  distributing  basin,  from  which  it  passes  by  conduits  to  the  filter  beds, 
and  hence,  into  the  pure  water  tanks.  In  the  valve  chamber  at  the  outer  end  of  the 
embankment  tunnel  a  very  complete  set  of  stop  valves  will  be  placed,  for  enabling 
both  tho  48  inch  and  33  inch  pipes  to  be  worked  as  may  be  required.  At  the  inner 
end  of  the  embankment  tunnel  is  built  a  water  tower,  into  the  bottom  of  which  the 
33  inch  pipe  is  carried  ;  and  in  the  sides  of  the  tower  are  inlet  openings,  with  valves 
fixed  on  the  inside,  for  enabling  the  water  to  be  drawn  from  the  reservoir  at  different 
levels,  in  order  that  it  may  be  drawn  off  in  the  best  state  for  use.  The  filter  beds 
and  pure  water  tanks  cover  about  six  acres.  There  are  seven  filter  beds,  each  205 
feet  long  by  110  feet  wide,  and  any  six  of  these  working  at  the  same  time  will  be 
snflieient  to  filter  the  required  quantity  of  water,  so  that  one  can  always  be  spared 
for  the  purpose  of  cleansing  and  washing  the  sand  for  repairs,  &c.  The  filtering 
material  employed  will  be  sand,  gravel,  and  broken  stone.  The  two  pure  water 
tanks  which  receive  the  water  from  the  filters  hold  2,730,000  gallons  of  water  each, 
and  are  placed  so  that  four  of  the  filters  are  on  one  side  of  them,  and  three  on  the 
other,  the  remaining  space  on  the  latter  side  being  occupied  by  a  sand-cleansing 
machine  and  store  for  the  s:md.  From  these  tanks  the  water  will  be  carried  for  a 
distance  of  about  700  yards  in  a  cast-iron  pipe  42  inch  diameter  laid  with  a  fall  of  six 
feet  per  mile  until  it  reaches  the  tunnel,  into  which  it  is  carried  for  a  length  of  120 
yards,  so  as  to  get  to  the  solid  rock.  The  tunnel  will  be  4307  yards  long,  ornearly2£ 
miles,  the  entire  length  being  through  very  hard  Cambrian  slate  rock,  full  of  quartz 
and  quartz  veins.    Twenty-one  shafts  have  been  sunk  along  the  course  of  the  tunnel 


from  which  the  miners  work  right  and  left;  and  up  to  the  present  date  the  headings 
from  five  of  the  shafts  have  met,  and  3160  yards,  or  1 J  miles,  have  now  been  tun- 
nelled. The  tunnel  is  six  feet  high  and  four  feet  wide,  and  has  a  fall  of  four  feet  per 
mile  throughout.  This  work  has  turned  out  much  more  difficult  and  tedious  than 
was  anticipated,  chiefly  owing  to  the  hardness  of  the  rock,  and  the  great  quantity  of 
water  met  in  the  shafts  and  headings,  which  requires  very  large  pumping  power; 
and  it  is  calculated  that  the  tunnel  cannot  now  be  completed  before  the  latter  end 
of  next  year.  At  the  lower  or  Dublin  end  of  the  tunnel  there  will  be  a  relieving 
tank  and  measuring  weir,  where  the  water  passed  down  for  the  supply  of  the  city 
will  be  gauged  daily.  From  this  tank,  in  which  the  surface  of  the  water  will  be  C06 
feet  above  the  Ordnance  datum,  a  33  inch  main  conveys  the  water  to  the  distributing 
reservoirs  at  Stillorganharny.  A  self-acting  stop  valve  at  its  junction  with  the  tank  to 
prevent  flooding  in  the  event  of  a  pipe  bursting.  The  average  falling  gradient  of  the 
main  is  20  feet  per  mile,  and  it  passes  the  village  of  Newtown  Mount  Kennedy,  and 
then  along  the  coach  road  through  the  Glen  of  the  Downs,  to  the  Kilmurray  relieving 
tank,  which  is  seven  miles  from  the  lower  end  of  the  tunnel.  This  tank  is  circular, 
excavated  out  of  a  gravel  hill,  and  lined  with  puddle,  covered  with  pitching.  The 
end  of  the  main  delivery  into  the  tank  has  a  33  inch  double-acting  stop  valve,  and 
there  is  a  self-acting  valve  on  the  mouth  of  the  main  leaving  the  tank.  The  sur- 
face level  of  the  water  in  this  tank  is  473  feet  above  Ordnance  datum  ;  and  the  main 
is  then  brought  down  again  to  the  road  and  continued  three  miles  to  Kilcrony  tank, 
situated  on  the  top  of  the  southern  bank  of  the  road,  and  commanding  a  remarkably 
fine  and  extensive  view.  Owing  to  the  loose  character  of  the  quartz  rock  in  which  this 
tank  is  excavated,  it  has  to  be  lined  with  puddle.  The  water  head  is  214  feet  above 
the  datum,  and  the  tank  is  provided  with  inlet  and  outlet  33  inch  valves  similar  to 
the  preceding.  The  main  is  then  carried  down  under  the  Dargle  river,  afterward 
under  the  Cookstovvn  river,  and  to  the  Ratlines  relieving  tank  at  2£  miles' 
distance,  which  is  excavated  in  the  rock  and  happens  to  be  situated  exactly  on  the 
junction  of  the  granite  with  the  clay  slate,  so  that  one  side  of  the  tank  is  in  granite 
and  the  other  in  slate.  This  is  a  square  tank  and  puddled,  and  the  level  of  the  water 
in  it  is  341  feet  above  the  datum.  Here  also  there  will  be  a  double-action  stop  valve, 
and  a  self-acting  valve,  as  described  for  other  tanks.  The  main  is  then  continued 
for  nearly  four  miles,  partly  along  the  Wicklow  Railway,  having  a  self-acting  valve 
and  stop  valve  inserted  in  this  length,  and  it  terminates  at  the  two  distributing  reser- 
voirs at  Stillorgan,  making  a  total  distance  of  17i  miles  from  the  lower  end  of  the 
tunnel.  The  water  area  of  these  reservoirs  is  eighteen  acres,  and  their  average  depth 
about  twenty  feet,  so  that  these  two  will  contain  about  90,000,000  gallons  of  water. 
The  surface  level  of  the  water  in  the  upper  reservoir  is  274  feet,  and  in  the  lower 
271  feet  above  the  datum,  and  the  latter  is  therefore  the  working  pressure  for  the 
supply  of  Dublin  ;  the  distance  being  4  J  miles  from  the  city  boundary,  making  a  total 
distance  from  Roundwood  reservoir  of  25  miles.  The  33  inch  main  is  laid  into  each 
reservoir,  and  the  stop  valves  are  so  placed  that  either  reservoir  can  be  worked  at 
pleasure;  the  two  reservoirs  are  also  connected  together  by  a  pipe  laid  through  tho 
dividing  embankment.  At  the  lower  reservoir  is  constructed  the  valve  house  and  screen 
chamber,  into  which  mains  from  each  reservoir  are  laid,  together  with  one  in  direct 
continuation  from  the  Vartry  main ;  and  by  the  system  of  valves  placed  in  this 
chamber,  the  water  can  be  drawn  from  either  of  the  reservoirs,  or  direct  from  the 
Vartry  main.  In  the  latter  case  it  is  not  exposed  in  the  reservoirs  at  all,  which  in 
warm  weather,  it  is  calculated,  will  be  a  great  advantage,  as  the  water  will  thereby  be 
delivered  cold  and  pure.  At  the  same  time,  there  is  the  security  of  having  always 
about  ten  days'  supply  of  water  in  the  reservoirs  in  case  of  any  accident  to  the  main 
pipe,  thus  attaining  ample  time  for  any  repair.  The  screen  chamber  will  contain 
a  set  of  copper  wire  screens  through  which  the  water  is  strained  before  entering  the 
delivery  muins,  so  as  to  remove  tho  possibility  of  any  small  substance  being  carried 
into  the  mains.  These  screens  will  be  cleansed  periodically  by  a  hose  and  jet,  and 
the  arrangement  of  valves  is  such  as  to  allow  of  this  being  done  at  any  time  without 
interfering  with  the  regulating  of  the  supply.  A  double  line  of  27  inch  mains  is 
laid  out  of  the  screen  chamber  with  self-acting  valves,  extending  4|  miles  to  the 
city  boundary.  The  double  line  has  been  laid  wiLh  the  view  of  preventing  the  possi- 
bility of  any  stoppage  in  the  supply  by  the  bursting  of  a  main  or  the  necessity  for 
any  occasional  repair;  and  connections  are  made  between  the  two  mains  at  three 
points  with  groups  of  stop  valves  to  afford  the  means  of  turning  the  water  from  one 
main  into  the  other,  as  occasion  may  require.  These  valves  have  been  placed  on  all 
summits,  and  scouring  valves  in  all  hollows. 

The  paper  was  explained  by  reference  to  a  large  map  section  and  drawings. 

A  short  discussion  followed  the  reading  of  the  paper. 

Professor  Downing  said  Mr.  Neville  wished  it  to  be  understood  that  his  communi- 
cation was  not  intended  as  a  paper,  but  as  a  guide  to  those  gentlemen  who  would 
visit  the  water  works.  It  was  not  a  paper  for  a  society  of  mechanical  engineers;  if 
intended  as  such,  there  would  have  been  drawings  and  descriptions  of  the  mechani- 
cal arrangements.  The  author  had  not  entered  into  the  mechanical  arrangements 
and  operations  that  would  be  most  interesting  to  them. 

The  Chairman  then  said — This  completes  the  business  to-day,  so  far  as  papers  are 
concerned. 

VISIT  OF  THE  INSTITUTE  OF  MECHANICAL  ENGINEERS   TO  THE  WATER  WORKS. 

A  large  company,  including  over  one  hundred  members  of  the  Institute  of 
Mechanical  Engineers,  the  members  of  the  Water  Works  Committee,  the  leading 
members  of  the  Executive  Committee  appointed  to  receive  the  Institute  on  their 
visit  to  Dublin,  and  several  citizens,  visited  the  Vartry  Water  Works  yesterday,  in 
accordance  with  the  programme  laid  down  by  the  council  of  the  Institute.  The 
train,  in  which  about  170  gentlemen  travelled,  proceeded  from  the  terminus  to 
Stillorgan  Station,  where  it  remained  for  three-quarters  of  an  hour  in  order  to  give 
the  president  and  council  and  other  members  of  the  Institute  an  opportunity  of  see- 
ing the  "  Prince  of  Wales  Reservoirs."  Mr.  Neville  explained  the  arrangement  of 
the  service  reservoirs  and  of  the  valve  house,  and  the  peculiar  adaptation  which  will 
enable  the  water  to  be  supplied  direct  to  the  city  from  the  Vartry  reservoir  with- 
out being  discharged  into  the  distributing  reservoir,  or  from  either  of  the  two  reser- 
voirs, at  the  same  time  providing  that  the  pressure  of  the  supply  in  Dublin  shall  bo 
always  equal.  This  latter  arrangement  is  effected  by  making  each  of  the  pipes 
from  the  several  sources  discharge  into  the  great  screen  chamber  from  whence  the 
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supply  for  Dublin  is  taken.  At  tlie  appointed  time  the  special  train  again  started 
on  its  way,  and  the  Kathmines  relieving  tank  was  pointed  out  to  the  visitors.  At 
Brav  three  carnages  and  forty  cars  were  in  waiting,  to  take  the  tourists  along  the 
line  of  works.  The  position  of  the  Dargle  relieving  tank  was  pointed  out,  and  then 
the  tourists  proceeded.  In  a  brief  space  they  readied  the  Kilmurray  relieving  tank 
which  is  placed  at  the  Bray  side  of  the  "Glen  of  the  Downs."  Here  there  was  a 
halt  for  a  few  minutes,  and  the  chairman  pointed  out  the  relative  positions  of  the 
pipes — the  ascending  pipe  which  is  to  bring  the  water  to  the  tank,  and  the  descend- 
ing pipe  which  will  bring  it  into  the  nest  relieving  tank  at  the  Dargle,  and  he 
explained  the  object  of  having  relieving  tanks  so  placed — namely,  to  relieve  the 
pressure,  and  at  the  same  time  to  secure,  by  the  elevated  positions  of  the  relieving 
tanks  intended  to  break  the  pressure,  a  sufficient  head  to  give  renewed  pressure  in 
the  next  stage  of  the  water's  journey  onward  to  its  destination.  Through  the  Glen  of 
the  Downs  the  company  passed  over  the  pipes  which  are  laid  under  the  public  road. 
The  beauties  of  this  magnificent  spot  were  never  seen  to  greater  advantage.  A 
glorious  sun  shone  from  above,  bringing  out  the  various  tints  of  the  landscape. 
Hewtown  Mount  Kennedy  was  soon  reached,  and  here  the  position  of  one  of  the 
self-acting  valves  was  pointed  out  by  Mr.  Neville,  and  its  action  explained.  Passing 
on,  the  company  arrived  at  the  near  end  of  the  tunnel,  and  having  ascended  the  hill 
they  alighted  and  passed  along  the  line  of  shafts  till  they  came  to  No.  6  shaft, 
where  Low's  boring  machine  is  at  work.  Several  of  the  scientific  gentlemen  here 
put  on  waterproof  suits  and  descended  the  shaft,  which  is  about  130  feet  deep,  to 
see  the  machine  in  operation.  The  other  gentlemen  passed  in  succession  through 
the  engine  house,  and  had  explained  to  them  by  Mr.  Marshall — the  secretary  of  the 
Institute,  who  had  previously  made  himself  acquainted  with  the  details  for  that  pur- 
pose— the  steam  engine  and  air  pump  used  for  the  compression  of  the  air.  An  admir- 
able arrangement  is  made  by  passing  water  through  the  cylinders  simultaneously  with 
the  compression  of  the  air,  to  cany  off  the  heat  which  is  evolved  by  the  compres- 
sion of  the  elastic  fluid.  The  heat  being  carried  off  by  the  water,  the  compressed  air 
retains  the  same  temperature  it  had,  the  ordinary  temperature  of  the  atmosphere, 
and  goes  into  the  compressed  air  cylinders,  and  through  the  tubes  to  the  boring 
machine,  in  the  working  of  which  it  is  employed  as  a  motive  power,  acting  in  that 
respect  by  its  expansion  as  steam  would,  with  this  difference,  that  when  it  passes 
through  the  escape  valves  at  the  bottom  of  the  pit  it  fills  the  place  with  pure  fresh 
air,  and  drives  out  behind  it  the  foul  air,  resulting  from  blasting,  and  from  the 
combustion  consequent  upon  the  lighting  of  the  heading.  Leaving  the  No.  6  shaft, 
the  visitors  passed  away  along  the  line  of  shafts,  and  came  upon  the  great  embank- 
ment of  the  storage  reservoir.  Having  arrived  at  the  "  Bye  Wash,"  and  the  bridge 
connected  with  it  for  carrying  off  the  overflow  in  case  of  flood  or  storm  rain,  Mr. 
Neville  pointed  out  to  the  assembled  members  the  boundaries  of  the  catchment  basin, 
described  its  size  and  that  of  the  reservoir,  and  gave  a  variety  of  details  respecting 
the  works.  An  examination  was  made  of  the  bank  and  of  the  puddle  trench,  and 
an  account  was  given  of  the  means  taken  to  make  it  perfectly  secure.  The  next 
portion  of  the  works  visited  was  the  water  tower  for  taking  out  the  water  at  differ- 
ent levels,  in  order  to  supply  it  in  the  most  serviceable  condition.  The  arrangement 
was  explained,  after  which  the  party  went  to  examine  the  puddle  trench,  to  witness 
the  operation  of  u  puddling,"  and  to  see  the  details  of  the  pitching  and  general 
formation,  and  the  valve  house,  and  had  explained  to  them  the  arrangement  made 
since  the  Sheffield  catastrophe  for  reducing  the  level  of  the  water  rapidly,  and  the 
several  valves,  &c,  to  supply  water  to  the  filtering  chambers,  or  of  allowing,  in 
case  of  a  surplus,  the  excess  to  pass  away  to  the  Bye  Wash. 

An  hour  and  a  half  having  been  occupied  in  this  way,  the  company  proceeded  to 
the  Corporation  lodge,  where  they  were  received  by  the  chairman  and  deputy  chair- 
man of  the  Water  Works  Committee,  who  had  issued  joint  cards  of  invitation  for 
a  dejeuner  to  the  members  of  the  Institute,  the  committee  of  reception,  their  several 
colleagues  on  the  Water  Works  Committee,  and  other  gentlemen. 

A  spacious  aud  handsome  marquee  was  erected  on  the  grounds  adjacent  to  the 
lodge,  and  within  this  marquee  the  dejeuner  was  supplied.  It  was  a  sumptuous 
entertainment,  and  the  style  in  which  it  was  served  was  creditable. 

Another  excursion  was  made  to  the  Connorree  Copper  and  Sulphur  Mines,  in  the 
Vale  of  Ovoca,  county  Wicklow.  From  thirty  to  forty  members  of  the  Institute 
proceeded  by  the  train,  accompanied  by  directors  of  the  Connorree  Mining  Com- 
pany. Arrived  at  the  mines,  they  were  introduced  to  the  resident  engineer,  Captain 
Bishop,  and  proceeded  through  the  works.  The  first  object  to  which  their  attention 
was  directed  was  the  immense  pumping  engine  by  which  the  water  charged  with 
sulphate  of  copper  is  raised  from  the  mines.  They  then  walked  along  several  of 
the  precipitating  troughs,  where  the  operation  of  precipitation  of  copper  in  water 
upon  iron  was  carefully  studied.  After  a  couple  of  hours  had  been  thus  spent, 
the  visitors  were  conducted  to  a  large  apartment  adjoining  the  house  of  the  resident 
engineer.  Here  were  tables  on  winch  were  laid  everything  necessary  to  render  an 
excellent  dejeuner  complete.  The  party  then  went  on  to  the  Ballymurtagh  mines  ; 
and  having  inspected  the  works  there,  they  drove  on  to  the  Ovoca  station,  whence 
they  proceeded  to  Dublin,  after  having,  as  they  said,  thoroughly  enjoyed  a  trip 
which,  with  its  other  advantages,  afforded  them  a  splendid  opportunity  of  seeing 
the  scenery  presented  by  the  beautiful  county  of  Wicklow. 

The  proceedings  of  the  Dublin  meeting  were  finally  concluded  by  the 

DINNER    AT   THE    INTERNATIONAL    EXHIBITION. 

About  two  hundred  gentlemen,  membere  of  the  Institute  of  Mechanical  Engineers, 
and  their  friends,  dined  at  the  International  Exhibition  Building — Robert  Napier, 
Esq.,  president,  in  the  chair.  The  usual  loyal  toasts — those  of  the  Lord  Mayor 
of  Dublin,  the  Institution  of  Mechanical  Engineers,  and  the  Provost  and  authori- 
ties of  Trinity  College,  with  some  others — were  drank,  and  the  members  separated 
fur  another  twelvemonth. 


ASSOCIATION  FOR  PREVENTION  OF  STEAM-BOILER  EXPLOSIONS. 
Chief  Engineer's  Monthly  Report. — The  last  ordinary  monthly  meeting  of 
the  executive  committ-e  of  this  Association  was  held  at  the  offices,  41  Corporation 
street,  Manchester,  on  Tuesday,  August  29th,  1805,  when  Mr.  L.  E.  Fletcher,  chief 
engineer,  presented  his  report,  of  which  the  following  is  an  abstract: — 


"  During  the  last  two  months  380  engines  have  been  examined,  and  688  boilers, 
and  6  of  the  latter  tested  by  hydraulic  pressure.  Of  the  boiler  examinations,  490 
have  been  external,  37  internal,  and  161  entire.  In  the  boilers  examined  197 
defects  have  been  discovered,  7  of  those  defects  being  dangerous. 

"The  defects  under  the  head  of  external  corrosion,  are  just  those  which  are  so 
frequently  met  with  on  "  Fhie  "  examinations,  though  entirely  unsuspected.  The 
plates  were  found  to  be  seriously  eaten  away,  and  immediate  repair  absolutely 
necessary.  These  unexpected  revelations  show  the  importance  of  the  members 
availing  themselves  more  frequently  than  many  of  them  do  of  the  opportunity  of 
having  their  boilers  examined  both  internally  and  in  the  flues. 

Explosions. 

"Tabular   Statement  of   Explosions    from   June   24tii,    1865    to 
August  25th,  1865,  inclusive- 


Progres- 
sive No. 
for  1865. 


29 


July  31. 


GENERAL   DESCRIPTION   OF  BOILER. 


Ordinary  Single- flue  or  Cornish, 
tcroajly-  fired, 


In- 


Persons  Persons 
Killed.  Injured. 


Total,., 


"  No.  29  explosion,  which  is  the  only  one  reported  during  the  past  two  months> 
occurred  at  a  marine  engine  and  iron  shipbuilder's  works,  at  about  twenty  minutes 
before  six  on  the  morning  of  Monday,  July  31st.  Two  persons  were  killed,  and  a 
third  injured  by  the  explosion.  The  boiler  was  not  under  the  charge  of  this 
Association. 

"  I  had  no  opportunity  of  making  a  personal  investigation  of  this  explosion,  but 
have  been  favoured  with  a  report  thereon,  accompanied  with  sketches  from  an 
engineer  who  examined  the  boiler  officially  at  the  request  of  the  coroner,  and  gave 
evidence  thereon  at  the  inquest.  From  this  it  appears  that  the  boiler  was  of  plain 
Cornish  construction,  having  a  single  flue,  and  being  internally  fired.  Its  length  was 
17  feet,  its  diameter  in  the  shell  6  feet,  and  in  the  furnace  tube  2  feet  10^  inches, 
while  the  thickness  of  the  plates  was  j7c  of  an  inch,  and  the  load  on  the  safety  valve 
about  551b. 

"The  boiler  failed  from  collapse  of  the  furnace  crown,  which  gave  way  at  about 
6  feet  from  the  front  end  or  furnace  mouth,  rending  transversely  in  two  places  close 
to  the  seams  of  rivets,  and  also  rending  longitudinally  for  half  the  length  of  the  fur- 
nace tube  at  a  seam  of  rivets  running  along  the  crown  towards  the  back  end  of  the 
boiler.  The  boiler  was  not  removed  from  its  seating;  but  from  the  rush  of  steam 
and  water  that  ensued  upon  the  collapse,  the  three  men  already  referred  to  as 
injured  were  scalded,  two  of  whom  died  several  days  after. 

"The  collapse  was  attributed  at  the  inquest  to  overheating  of  the  furnace  crown 
in  consequence  of  shortness  of  water,  combined  with  an  injudicious  introduction 
of  the  feed  water.  This  was  admitted  near  to  the  hottest  part  of  the  fire,  which 
was  just  where  the  collapse  assumed  the  greatest  amount  of  depression,  and  where 
it  appears  to  have  commenced. 

"Although  it  is  difficult  to  speak  positively,  without  having  made  a  personal 
examination,  yet  there  appears  ground  at  least  to  question  the  correctness  of  the 
above  conclusion.  The  official  investigation  was  not  made  until  a  fortnight  after 
the  explosion  had  occurred,  since  the  poor  men  who  died  from  scalding  lingered  for 
some  days,  and  there  were  then  no  positive  indications  of  the  plates  having  been 
red  hot.  The  furnace  tube  was  not  strengthened  either  with  flanged  seams  or  with 
T  or  angle  iron  hoops,  and  it  is  reported  that  the  crown  had  been  damaged  throngli 
shortness  of  water  some  few  mouths  previously  when  two  new  plates  were  put  in, 
and  also  that  the  furnace  tube  was  out  of  shape  when  the  explosion  occurred,  and 
had  been  so  for  some  time :  while  to  this  it  may  be  added,  that  it  was  at  that  part 
of  the  tube  which  had  been  repaired  at  which  the  collapse  assumed  the  greatest 
amount  of  depression  and  appears  to  have  commenced.  It  is  thought  to  be  quite 
possible,  therefore,  that  the  distorted  shape  of  the  tube,  as  well  as  its  previous 
injury  and  repair,  may  have  been  the  cause  of  the  explosion  rather  than  shortness 
of  water.  But  without  determining  whether  the  explosion  resulted  from  shortness 
of  water,  or  from  weakness  of  the  furnace  tube,  it  may  be  pointed  out  that  both  of 
these  dangers  might  have  been  guarded  against.  Low  water  safety  valves,  which 
relieve  the  pressure  of  the  steam  on  the  water's  falling  below  its  proper  level,  are  a 
great  safeguard  against  explosions  through  overheating  of  furnace  crowns.  Many 
of  them  are  attached  to  boilers  under  inspection,  and  work  well.  Also  the  furuace 
flue,  even  though  somewhat  out  of  shape,  would  not  have  collapsed  from  simple 
pressure  had  it  been  strengthened  with  encircling  hoops,  so  that  the  explosion  might 
have  been  prevented  had  the  boiler  been  better  made  and  more  liberally  fitted. 
There  should  also  have  been  a  duplicate  glass  water  gauge. 

"It  should  not  be  lost  sight  of  that  this  explosion  occurred  at  a  first-class 
engineering  firm,  since  engineering  firms — though  by  no  means  those  who  are  first- 
class  only — are  too  apt  to  consider  themselves  above  the  assistance  of  an  indepen- 
dent system  of  periodical  boiler  inspection.  The  facts,  however,  are  against  them. 
The  present  explosion  is  a  case  in  point.  The  boiler  was  made  on  the  very  works 
on  which  it  exploded,  and  two  men  were  killed  by  it.  It  is  found  as  a  rule  that 
the  old  proverb  that  "the  cobbler's  wife  and  the  blacksmith's  horse  go  worst 
shod  "—_i8  generally  applicable  to  the  boilers  of  engineering  firms,  which  is  in  some 
respects  due  perhaps  to  over- confidence.  Some,  however,  take  a  different  view, 
and  only  a  short  time  since  a  well  known  engineering  firm,  whose  boilers  are  under 
our  charge,  wrote  in  acknowledgment  of  our  visit  of  inspection,  to  state  that,  careful 
as  they  were  with  their  own  firemen,  and  in  the  management  of  their  boilers,  they 
still  found  that  they  derived  assistance  from  our  examinations,  and  felt  pleasure  in 
testifying  to  the  value  of  an  independent  system  of  periodical  boiler  inspection 
even  to  engineers. 

"No.  26  explosion,  1864.— By  this  explosion,  which  occurred  to  a  boiler  not 
under  the  inspection  of  this  Association,  seven  persons  were  killed  and  seven  others 
inj-ired.     On  account  of  its  fatal  character  it  excited  a  great  deal  of  interest  in  the 


222 


THE   PRACTICAL   MECHANIC'S   JOURNAL. 


October  1,  1865. 


neighbourhood  in  which  it  took  place,  and  was  attributed  to  overheating  of  the  fur- 
nace crown  through  shortness  of  water.  The  dimensions  of  the  boiler,  and  general 
particulars  of  the  explosion,  were  briefly  given  in  the  report  for  November  last  year, 
but  since  there  had  been  no  opportunity  of  making  a  personal  investigation,  a  final 
opinion  upon  the  cause  of  the  explosion  had  to  be  postponed  for  further  particulars. 
From  those  already  obtained,  however,  it  was  ventured  to  express  the  expectation 
that  upon  full  investigation  it  would  be  found  that  the  explosion  was  due,  not  to 
shortness  of  water,  as  generally  supposed,  but  to  weakness  of  the  boiler.  I  am  now 
kindly  furnished  with  a  copy  of  the  official  report  by  two  engineers  appointed  by 
the  Government  to  investigate  the  cause  of  the  explosion  and  report  thereon,  and 
find  that  in  this  report  the  explosion  is  attributed  to  weakness  of  the  furnace ;  while 
it  is  added  that  there  were  none  of  the  usual  indications  in  the  boiler  of  there 
having  been  a  short  supply  of  water  at  the  time  of  the  explosion.  This  explosion 
therefore,  is  another  of  those  due  to  mal-construction,  and  might  have  been  pre- 
vented by  the  adoption  of  encircliug  hoops  or  flanged  seams. 


MONTHLY    NOTES. 


Improved  Screw  Propeller. — A  series  of  important  trials  has  just  been 
completed  on  the  Thames  and  Medway,  to  discover  the  best  form  of  screw  propeller 
for  the  propulsion  of  stenm  vessels,  by  which  some  exceedingly  valuable  data  have 
been  arrived  at.  The  vessel  experimented  upon  was  a  screw  steamer  belonging  to 
Messrs.  Rennie,  fitted  with  an  improved  Griffith's  propeller,  as  supplied  to  the  ships 
of  the  Royal  navy,  with  the  addition,  and  in  which  lies  the  improvement,  of  what 
may  be  termed  a  fixed  screw,  or  "  boss,"  having  a  number  of  arms  attached,  similar 
in  form  and  design  to  the  sails  of  a  windmill,  the  invention  of  Mr.  Rigg,  a  civil 
engineer  at  Chester.  The  attention  of  Mr.  Griffith  has  been  directed  to  this  sub- 
ject, from  the  fact  that  nothing  has  been  done  during  the  last  few  years  to  improve 
the  propeller  invented  by  him.  The  new  invention  may  be  described  briefly  as  a 
"boss"  attached  to  the  rudder-post  of  the  vessel,  behind  the  ordinary  screw. 
Emerging  from  the  "boss"  are  a  number  of  blades,  which,  for  the  sake  of  descrip- 
tion, may  be  called  a  fixed  screw,  which  in  reality  it  is.  These  blades  are  set  at  a 
directly  opposite  angle  to  the  screw,  and  on  the  latter  being  set  in  motion  the  water 
acted  upon  it  is  ejected  at  an  angle  corresponding  with  its  pitch  and  velocity.  At 
the  instant  of  the  water  being  thrown  off  by  the  screw  it  is  arrested  and  caused  to 
deviate  by  the  fixed  blades,  already  described,  as  it  impinges  upon  them.  The 
result  of  this  operation  is  that  the  water  is  thrown  off  at  nearly  a  line  with  the 
vessel's  keel,  taking  away  all  vibration,  rendering  the  action  of  the  rudder  more 
perfect,  and,  as  a  consequence,  enabling  the  ship  to  be  more  easily  steered.  The 
result  of  the  trials,  which  were  conducted  personally  by  Mr  Griffith  and  Mi'.  Rigg, 
under  the  supervision  of  Mr.  Rumble,  late  chief  inspector  of  machinery  of  the  steam 
reserve  in  the  Medway,  was  in  the  highest  degree  satisfactory.  The  new  system,  it 
may  be  remarked,  has  been  tested  in  juxtaposition  with  the  improved  Mangin  screw 
now  introduced  into  the  Royal  navy,  and  fitted  in  the  first  instance  to  the  ironclad 
frigate  Achll/cs,  built  at  Chatham  dockyard,  as  well  as  to  the  iron-cased  frigate 
Bellerophon,  now  preparing  for  sea  at  the  same  establishment,  and  the  results 
obtained  are  somewhat  surprising.  With  the  Griffith  screw  working  in  conjunction 
with  Mr.  Rigg's  invention,  the  mean  speed  attained  was  7*574  knots  per  hour,  with 
184  revolutions  per  minute.  With  the  ordinary  screw  now  in  use  by  the  Admiralty 
in  the  new  ironclads,  the  average  speed  attained  by  the  same  vessel  was  only  5*871 
knots  per  hour,  with  227  revolutions  of  the  screw  per  minute.  The  results  of  the 
experiments  were  consequently  ascertained  to  be  an  increase  of  1*703  knots  per 
hour  in  speed,  with  43  revolutions  less  per  minute;  or,  in  other  words,  a  gain  of 
22*48  per  cent,  in  speed,  with  a  saving  of  18*94  per  cent,  in  power.  It  is  hoped 
that  the  Admiralty  will  grant  the  use  of  the  iron  screw  steam  yacht  Fairy  for 
further  experiments  with  the  invention,  as  that  vessel  is  in  every  respect  better 
adapted  than,  perhaps,  any  other  steamer  in  the  navy  for  experimental  purposes, 
while  she  has  the  further  advantage  of  having  had  nearly  every  form  of  screw 
invented  tried  upon  her. 

Accidents  in  Coal  Mines. — The  reports  of  the  inspectors  of  mines  in  Great 
Britain  for  1864  show  that  the  quantity  of  coal  raised  in  the  year  is  estimated  by 
the  inspectors  at  95,122,919  tons,  about  one  ton  per  working  day  for  each  of  the 
307,000  male  persons  employed:  867  lives  were  lost  in  the  year  by  accidents — 
that  is  to  say,  one  in  every  354  men  employed,  one  to  every  109,715  tons  of  coal 
raised.  Large  as  the  loss  of  life  still  is,  the  return  is  satisfactory  by  comparison. 
In  the  five  years  1856-60  the  quantity  of  coal  raised  averaged  little  more  than 
75,000,000  tons  a  year,  but  the  deaths  averaged  above  1000  a  year,  one  to  about 
73,400  tons  of  coal  raised.  In  the  three  years  18G1-63  the  deaths  averaged  991 
a  year.  The  order  in  which  the  districts  range  continues  much  the  same  from  year 
to  year;  Staffordshire,  Wales,  and  the  south-west  prove  the  most  dangerous,  Dur- 
ham and  Scotland  the  least  dangerous.  Notwithstanding  much  improvement  a 
large  preventible  loss  of  life  yet  occurs  every  year.  The  most  serious  danger  is  not 
from  explosions  of  fire-damp;  these  are  comparatively  rare  events,  but  hardly  a  day 
passes  without  some  calamity  from  the  fall  of  ponderous  masses  from  overhead  or 
from  the  sides  of  the  working-places  and  travelling  ways,  crushing  out  life  in  a 
moment,  or  smashing  and  breaking  bones,  and  leaving  the  miner  for  ever  unfitted 
for  the  pursuit  of  his  calling.  About  400  lives  are  lost  every  year  in  Great  Britain 
from  these  falls  in  coal  mines — 107  in  1863,  395  in  1S64.  The  remedy  lies  in  an 
abundant  use  of  timber  for  props  as  the  natural  support  is  taken  away,  and  in  the 
maintenance  of  a  sufficient  number  of  deputies  to  leave  the  working  places  but  a 
very  short  time  in  the  day  without  close  and  rigid  examination.  An  inspector,  Mr. 
Wynne,  who  reports  thirteen  deaths  from  falls  of  roof,  says  that  nearly  all  were  pre- 
ventible by  proper  application  of  timber.  Mr.  Evans  reports: — "I  am  constantly 
pointing  out  places  insuffieiently  timbered,  and  often  find  within  reach  a  plentiful 
supply  ready  for  use.  Men  will  not  give  themselves  the  little  trouble  necessary  to 
make  all  safe,  even  when  their  own  lives  depend  upon  it."  To  some  extent  this  is  due 
to  the  employment  of  inexperienced  hands,  in  consequence  of  the  demand  for  labour. 
The  loss  of  life  by  explosions  of  fire-damp  in  1S61  happily  reached  only  94.  But 
ill*.  Wynne  declares  that  if  every  colliery  had  a  good  and  efficient  manager,  explo- 


sions of  fire-damp  would  be  few  and  far  between.  Some  managers  have  actually 
admitted  that  they  have  on  many  occasions  assisted  to  brush  out  the  gas  from 
places  where  the  men  were  going  to  work  the  same  morning;  and  some  have  been 
appointed  on  account  of  the  very  equivocal  qualification  of  having  themselves  been 
burnt.  Mr.  Brough,  in  recording  four  deaths  at  Pontypool,  expresses  his  surprise 
that  two  of  the  men,  being  experienced  persons,  could  have  gone  to  work  where  they 
did,  with  the  warning  they  had  from  seeing  doors  open  that  ought  to  have  been 
shut;  it  almost  amounts  to  insanity,  he  says,  to  go  into  such  a  place  with  naked 
flame.  It  would  be  a  great  step  towards  safety  if  overmen  and  deputies  were 
always  to  obtain  in  a  mining  school  some  insight  into  physics  and  rudimentary 
chemistry.  There  are  instances  in  these  reports  of  men  walking  with  naked  lights 
into  what  is,  in  fact,  an  inflammable  magazine,  of  a  man  going  with  a  candle  to  a 
part  where  he  has  been  expressly  ordered  not  to  go,  of  a  man  of  remarkable  attain- 
ments cautioning  a  workman  not  to  go  beyond  a  certain  point,  and  afterwards  him- 
self walking  into  that  body  of  gas  and  exploding  it.  Another  class  of  accidents, 
those  which  take  place  in  shafts,  causes  a  very  large  number  of  deaths — no  less 
than  184  last  year,  very  many  of  them  from  imprudence  and  dangerous  practices; 
it  is  sad  to  read  of  such  a  recklessness  of  danger  and  waste  of  valuable  life.  Still, 
there  is  improvement.  The  recent  Act  of  Parliament  requiring  two  shafts  or 
outlets  is  popular  with  all  who  have  to  go  underground,  and  is  likely  to  prove  of 
great  service,  not  only  as  securing  means  of  egress,  but  improving  ventilation,  and 
ultimately  the  physical  condition  of  the  miner.  The  Act  is  now  in  full  operation. 
Of  the  coal  raised  last  year,  21,000,000  tons  were  from  Durham,  Northumberland, 
and  Cumberland;  14,450,000  tons  from  Wales  and  "West  Lancashire;  9,300,000 
from  Yorkshire;  10,200,000  from  South  Stafford  and  Worcester;  5,200,000  from 
North  Stafford,  Cheshire,  and  Salop;  6,000,000  from  North  and  East  Lancashire; 
7,300,000  from  Derby,  Notts,  Leicester,  and  Warwick;  nearly  6,000,000  from 
Monmouth,  Gloucester,  Somerset,  and  Devon;  and  12,700,000  from  Scotland. 

Petroleum. — Mr.  A.  S.  Macrae  writes  to  say  that,  according  to  the  American 
official  account  of  the  export  of  petroleum  from  all  the  ports  to  all  the  world  up  to 
the  31st  of  Julv  of  each  year,  the  number  of  gallons  for  the  last  three  years  were  : — - 
1865,  7,010,650;  1864,  15,071,581;   1863,  15,105,844.  ■ 

South-Western  Railway. — The  directors  of  this  company  are  applying  Mr. 
W.  H.  Preece's  system  of  electric  signals  to  the  carriages  generally  on  their  lines, 
the  working  for  several  months  of  experimental  trains  having  given  highly  satis- 
factory results.  The  following  is  a  copy  of  printed  instructions  which  have  just 
been  issued  by  the  company: — "This  train  is  fitted  up  with  an  electric  communi- 
cation between  passengers  and  guards.  In  the  event  of  something  of  a  serious 
nature  occurring,  which  urgeutly  requires  the  stoppage  of  the  train,  the  passenger 
may  "break  the  glass,"  "and  ring"  by  moving  the  bell-handle  in  the  direction 
denoted  by  the  arrow.  Thereby  a  bell  will  ring  in  each  guard's  van  in  the  train, 
and  also  on  the  engine.  When  the  guards  and  engineman  hear  the  bell  ring,  they 
will  at  once  look  carefully  along  each  side  of  the  train,  and  in  case  any  violent 
oscillation  be  seen,  or  a  carriage  be  on  fire,  or  other  occurrence  of  a  serious  character 
be  observed,  the  train  will  be  stopped  as  speedily  as  possible,  and,  when  stopped,  must 
be  protected  by  signals  as  prescribed  by  the  rule  book.  Should,  however,  the  guards 
and  engineman  fail  to  observe  anything  which  really  necessitates  an  immediate 
stoppage  of  the  train,  their  duty  will  be  to  stop  the  train  at  the  next  station  or 
junction,  so  as  to  protect  the  train,  when  stopped,  by  the  fixed  signals.  When  the 
train  is  stopped,  the  passenger  who  broke  the  glass  and  rang  the  bell  will  com- 
municate with  the  guard;  but,  should  he  fail  to  do  so,  the  guard  will  detect  the 
compartment  from  which  the  passenger  gave  the  alarm  by  looking  for  the  broken 
glass,  and  in  case  the  alarm  has  been  mischievously  and  wantouly  given,  or  from 
insufficient  cause,  the  names  and  addresses  of  all  the  passengers  in  that  compart- 
ment will  be  taken,  in  order  that  the  law  may  be  enforced.  Passengers  are  earnestly 
requested  themselves  to  protectthe  communicationfromimproperand  mischievous  use, 
as  it  is  very  important  that  it  should  not  be  used  without  real  and  urgent  necessity." 

The  Mont  Cenis  Railway. — A  report  on  the  Mont  Cenis  Railway  by  Mr. 
Brunlees,  C.E.,  just  issued,  gives  a  detail  of  the  successful  locomotive  experiments 
already  made,  and  a  general  review  of  the  prospects  of  the  undertaking.  The 
estimate  of  £320,000  is  still  considered  sufficient  for  the  railway  and  rolling  stock, 
including  9|  miles  of  covered  way  to  protect  the  line  from  snow  and  avalanche  run.0, 
the  total  length  being  48  miles;  and  it  is  calculated  that,  after  the  concessions  shall 
have  been  obtained,  the  whole  work  may  be  completed  in  little  more  than  a  year. 
Estimating  the  traffic  according  to  that  upon  the  existing  road  it  would  be  £101,811, 
and  assuming  no  increase  except  such  as  has  annually  occurred  for  several  years 
past — namely,  10  per  cent. — the  total  receipts  during  the  seven  years  for  which  the 
concessions  are  asked  would  amount  to  £965,895,  while  the  working  expenses  for 
the  same  period  would  be  £277,551,  leaving  £688,344  of  net  earnings,  exclusive 
of  about  £50,000  worth  of  rails  and  plant.  After  the  repayment  of  capital  and 
interest  a  large  surplus  profit  would  thus  remain.  But  instead  of  the  traffic  being 
limited  to  its  present  rate,  it  is  assumed  that  as  the  railway  will  be  the  shortest 
and  best  route  between  France  and  Italy,  as  well  as  between  England  and  the 
East,  a  large  proportion  of  the  goods  and  minerals  at  present  carried  round  by  sea 
between  Marseilles  and  Genoa  would  find  its  way  upon  it,  together  with  the  con- 
signments of  rice,  hemp,  and  other  produce,  between  Lombardy  and  Piedmont  on 
the  one  side  of  the  mountain,  and  Lyons  on  the  other;  the  saving  of  transport 
between  these  latter  places  by  the  railway  as  compared  with  the  sea  route  being  403 
miles  out  of  629.  Other  sources  of  probable  revenue  are  also  described,  and  there 
is  likewise  the  prospect  of  obtaining  the  Indian  mail,  as  a  saving  of  thirty-eight 
hours  will  be  effected,  and  passengers  will  escape  600  miles  of  the  worst  portion  of 
the  sea  voyage,  including  the  Gulf  of  Lyons.  Furthermore,  it  is  pointed  out  that 
although  the  positive  time  for  the  duration  of  the  concession  will  be  only  seven  years, 
it  will  really  operate  until  the  completion  of  the  great  tunnel,  which  it  is  believed 
cannot,  even  under  the  most  favourable  circumstances,  be  effected  in  less  than  ten 
or  twelve  years.  In  conclusion,  it  is  mentioned  that  the  decision  of  the  French  and 
Italian  governments  on  the  concession  may  be  expected  to  be  given  next  month. 
The  French  Council  of  State  is  about  to  disperse  for  the  season,  but  that  Govern- 
ment has  been  asked  to  treat  the  Mont  Cenis  concession  as  a  matter  of  urgency, 
and  to  appoint  a  special  commission  for  the  business,  so  as  to  avoid  the  incon- 
venience of  further  delay. 
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Conversion  of  Enfield  Rifles  into  Breech-loaders. — The  War-office 
has  jnst  issued  the  report  of  the  Ordnance  Select  Committee  on  the  trials  at  Wool- 
wich of  Enfield  rifles  converted  into  breech-loaders.  Experiments  were  conducted 
with  the  respective  systems  of  Snider,  Green,  Storm,  Westley  Richards,  and  the 
service  Enfield,  and  the  results  showed  that  in  rapidity  of  fire  that  of  Mr.  Snider 
stood  first.  In  submitting  their  observations  on  the  whole  question,  the  committee 
sav: — "The  ultimate  armament  of  the  infantry  with  breech-loading  weapons  is 
determined  upon.  It  would  be  done  at  a  comparatively  small  cost  by  conversion, 
but  it  is  now  well  known  that  the  calibre,  twist,  and  form  of  rifling  of  the  Enfield 
is  not  the  most  favourable  for  fine  shooting,  and  it  is  quite  certain  that  no  converted 
arms  can  possess  the  precision  which  will  be  easily  attained  in  a  new  breech-loader 
of  smaller  gauge  and  quicker  twist.  Nor  will  the  soldier  be  able  to  carry  that 
increased  quantity  of  ammunition  which  is  so  desirable  without  a  reduction  of  calibre. 
If,  under  these  circumstances,  and  notwithstanding  the  great  outlay  which  will 
attend  it,  the  Government  adhere  to  the  decision  to  introduce  a  new  small  bore 
breech-loader,  as  soon  as  there  is  a  pattern  ready,  the  committee  do  not  think  it 
desirable  to  proceed  at  present  with  conversion  on  a  large  scale;  but  as  there  are 
purposes  which  may  be  answered  by  the  converted  arms,  and  as  the  experience  to 
be  acquired  by  the  conversion  may  have  some  bearing  on  the  larger  question,  they 
recommend  that  Mr.  Snider  be  encouraged  to  pursue  his  experiments  by  the  promise 
that  on  the  production  of  a  pattern  arm  which  shall  give  satisfaction  to  the  com- 
mittee, 1000  muskets  (or  enough  to  arm  one  battalion)  shall  be  placed  in  his  hands 
for  conversion.  The  extent  of  the  operation  should  depend  upon  the  success  of  the 
experiments  about  to  be  entered  upon  with  the  new  small  bore  weapons,  the  pro- 
bability of  their  early  introduction,  and  the  reports  of  the  battalion  or  battalions  to 
which  the  converted  arms  may  be  issaed.  There  are  certain  circumstances  in  which, 
notwithstanding  all  the  inconveniences  which  will  attend  the  co-existence  of 
unaltered  arms,  converted  arms,  and  new  arms,  with  their  different  ammunitions,  it 
may  still  be  desirable  to  proceed  with  the  conversion,  on  the  ground  of  its  small 
cost,  and  of  the  less  time  in  which  the  arms  can  be  turned  out;  but  the  committee 
do  not  feel  in  a  position  at  present  to  recommend  such  a  measure." 

Pet  role  oi  in  Europe. — It  is  stated  that  petroleum  has  been  discovered  in 
Hanover,  and  capital  is  being  privately  subscribed  in  England  to  raise  the  oil  from 
the  wells,  which  are  reported  to  be  numerous.  The  constantly  increasing  import- 
ance of  the  trade  in  mineral  oils  at  Marseilles,  too,  attracts  attention  to  the  oil 
deposits  of  Europe.  It  is  now  considered  certain  that,  in  a  period  more  or  less 
short,  the  old  continent  will  not  be  tributary  to  America  for  mineral  oils  for  lighting. 
Every  day  new  natural  reservoirs  of  petroleum  are  discovered ;  and  at  the  same  time 
geologists  are  beginning  to  understand  oil-fields  better,  and  the  manner  in  which 
they  are  distributed  over  the  globe.  Among  the  localities  which  already  export 
petroleum  is  Moldo-Wallachia.  Havre  is  the  principal  French  market  for  petroleum. 
The  Marseilles  Semaphore,  however,  is  of  opinion  that  Marseilles  is  destined  to 
become  a  large  market  when  the  European  reservoirs  shall  be  worked  on  a  large 
scale,  and  when  it  can  receive  the  mineral  oils  of  Asia  by  the  Isthmus  of  Suez. 
There  is  an  intimate  connection  between  the  reservoirs  of  petroleum  in  Gallicia  and 
in  Moldo-Wallachia.  These  two  oil  regions,  in  fact,  only  form  one,  which  corre- 
sponds to  the  general  line  of  the  Carpathian  mountains. 

Novel  Rifled  Cannon. — We  copy  the  following  remarks  from  the  Mechanic's 
^fag^lzine: — "  Captain  Norton  has  applied  to  the  committee  of  the  Dublin  National 
Exhibition  for  permission  to  exhibit  there  a  four-pounder  iron  gun,  cast  ready 
bored,  and  rifled  on  the  elliptic  principle,  and  on  an  improved  core  according  to  his 
patent.  This  method  of  casting  rifled  cannon  wonld,  if  rightly  acted  on,  save  a 
great  expense  in  producing  an  arm  now  about  to  be  universally  adopted.  The 
elongated  shot  for  it  is  hollow  at  the  base,  and  takes  at  that  part  the  elliptic  form 
by  the  explosion  of  the  charge,  which  change  from  the  circular  form  imparts  rota- 
tion or  spin  to  the  long  axis  of  the  shot.  The  gun  was  cast  in  Glasgow  under  the 
superintendence  of  Mr.  St.  John  V.  Day,  CE.  The  American  Government  will  be 
the  first  to  adopt  this  mode  of  forming  their  cannon,  using  for  the  purpose  Bessemer's 
cast  steel ;  th°.  Russian  Government  will  probably  follow,  and  then  the  British  ;  but, 
as  usual,  longo  introvallo.  Inventors  are,  without  doubt,  a  troublesome  class  to 
government  offcers;  but,  nevertheless,  it  is  to  inventors  that  we  owe  this  very 
remarkable  production — the  British  empire!  Take  away  the  inventors  from 
amongst  us,  and  we  shall  soon  sink  to  the  condition  of  the  Chinese."  It  may  be 
added  that  after  a  considerable  number  of  experiments  had  been  made  at  the  British 
Iron  Works,  Glasgow,  a  system  of  manufacturing  the  cores  for  rifled  guns  was 
ultimately  arrived  at  by  Mr.  Gourlay,  and  approved  of  by  Mr.  Day,  by  the  adoption 
of  which  positive  accuracy  of  twist  is  obtained  on  the  core,  which  is  formed  in  such 
a  manner  and  of  such  material,  that  nothing  but  a  form  of  twist  correspondingly 
exact  is  transmitted  to  the  bore.  From  what  we  have  seen  of  guns  made  on  this 
principle,  there  certainly  is  reason  to  hope  for  valuable  results.  In  our  opinion,  it 
would  be  decidedly  in  Captain  Norton's  favour,  where  he  to  institute  a  series  of  experi- 
ments on  the  precision  of  aim,  which  can  be  obtained  with  the  new  gun.  The 
elliptic  form  of  rifling  is  the  strongest ;  the  sharp  cutting  in  other  forms  of  rifling 
weakens  the  barrel,  and  causes  it  to  burst  or  separate  in  those  parts;  in  like 
manner  as  the  scratch  on  a  tube  of  glass  made  by  a  file  causes  it  to  break  off  theie 
rather  than  in  any  part  not  scratched  by  the  file. 


APPLICATIONS   FOR 

PROVISIONAL  PROTECTION  FOR  INVENTIONS 

UNDER  THE  PATENT  LAW  AMENDMENT  ACT. 

G<3~  When  the  city  or  town  is  not  mentioned,  London  is  to  be  understood. 

Illk  July,  1865. 

1947  ^ierre  A.  F.  Bobeeuf,  Paris — Certain  colouring  matter 
194S  Bunnell  Mortimer,  Bush  Lane — Instruments  for  marking 

1949  William  E.  Newton,  Chancery  Lane — Bolt  screwing  machines. — A  com. 

1950  Thomas  Brown,  South  Hackney— Teapots 

1951  Alexander  Cheffins,  Camden  Town — Omnibuses 

1092  Henry  Sherwood,  Hatcham — Treating  vegetable  fibrous  materials 


2S<4  July,  1663. 

1953  Leon  P.  Laroche,  Paris — Fire-engines 

1954  William  King,  Woodside — Retarding  the  progress  of  railway  carriages 

1955  Isaac  Gregory,  Manchester — Communication  on  railway  trains 

1956  William  E.  Newton,  Chancery  Lane — Steam  valves. — A  com. 

1957  William  E.  Newton,  Chancery  Lane — Barrels. — A  com. 

1958  William  E.  Newton,  Chancery  Line—  Gas  engine. — A  com. 

1959  Robert  B.  Mitchell,  Bakewell — Break  for  railway  carriages 

1960  William  Cockburn,  Paisley— Weaving  ornamental  fabrics 


1961 
196-2 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

1970 


1971 
1972 

1973 
1974 
1975 
1976 
1977 
1978 
1979 
19S0 
19S1 
19S2 


19S3 
19S4 
1985 
1986 
1987 
198S 
1989 
1990 
1991 
1992 


1993 
1994 
1995 
1996 
1997 
1998 

1999 

2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 


29(A  July,  1865. 
Robert  Clayton,  James  Raper,  and  John  Goulding,  Bradford—  LoomB  for  weaving 
Frederick  A.  Abel,  Woolwich — Compounds  for  waterproofing  purposes 
Baldwin  Latham,  Croydon,  and  Robert  Campbell,  Berkshire— Drying  hay 
Ephraim  Sabel,  Moorgate  Street — Iron. — A  com. 
Alfred  A.  Lannuth,  Salford — Cutting  the  edges  of  paper  hangings 
Renben  Worsnop,  Bradford — Cap  frames 
Valentine  Baker,  Dublin — Utilizing  water-power 
Ferdinand  Klip,  Frankfort-on-the-Maine — Gas  burners 
John  Swinburne,  City  Road,  and  James  Laming,  Aldergate  Street — Retarding 

railway  carriages 
William  W.  Biggs,  Paris— Iron 

31s<  July,  1865. 
Thomas  D.  Stetson,  United  States — Hats. — A  com. 
Benjamin  Robinson,  Halifax,  and  Joseph  Varley,  Huddersfield — Combustion  of  fuel 

in  furnaces 
John  J.  Stoll.  Surrey — Continuous  motive  power 
Augnste  Y.  Rehm,  Paris— Crinolines 
John  Ramsbottom,  Crewe — Hoops 
Ephraim  Sabel,  Moorgate  Street — Iron  rails. — A  com. 
John  Lawson  and  Edward  G.  Fitton,  Leeds — Flax 
Augustus  Applegath,  Dartford — Printing  in  colours 
Alfred  V.  Newton,  Chancery  Lane — Electricity  from  magnets. — A  com. 
Alfred  V.  Newton,  Chancery  Lane — Refining  petroleum. — A  com. 
Alfred  V.  Newton,  Chancery  Lane— Ejectors  for  discharging  bilge  water. — A  com. 
William  Clark,  Chancery  Lane — Apparatus  used  in  swimming. — A  com. 

1st  August,  1865. 
T.  W.  Tobin,  WTood  Green,  and  Colonel  Stodare,  Piccadilly — Illusory  exhibitions 
Francis  K.  Wells,  Hastings — Photographic  image 
Thomas  B.  Paton,  Montrose — Linen 

William  La  Penotiere,  Strand— Coating  the  bottoms  of  iron  ships 
Alexander  Doull,  Westminster — Atmospheric  railways 
William  Singleton,  Sheffield— Cutting  scales 
Andrew  Noble,  Newcastle-upon-Tyne — Fuses  for  shells 
Louis  E.  C.  Martin,  Adelphi— Locomotive  boilers 
Frederick  Ransome,  Queen  Street  Place — Roofing-tiles 
Matthew  P.  W.  Boulton,  Tew  Park — Obtaining  motive  power  by  heat 

2nd  August,  1S65. 
Alfred  Ford,  Arthur  Street— Gutta  percha  balls 
Henry  Levy,  Glasgow— Testing  alloys  of  gold 

Thomas  Andrew,  and  James  W.  Taylor,  Spitalfields— Fastening  the  doors  of  safes 
James  M'Ewen  and  William  Neilson,  Glasgow— Raising  of  water 
John  G.  Teal,  Leeds — Communication  on  railway  trains 
John  Crean,  City  Road,  and  C.  J.  Barr,  Shoreditch— Means  for  giving  alarm  in 

cases  of  fire 
Frederick  C.  Dear,  Hertford— Communication  on  railway  trains 
Joseph  Pickin  and  Richard  Bailey,  Congleton— Signalling  on  railways 
Heiman  Frankenburg,  Snow  Hill— Travelling  bags 

William  W.  Burdon,  Newcastle-upon-Tyne — Reducing  vegetable  fibre  to  pulp 
Richard  Bailey,  Hoxton.  and  Joseph  Eagland,  Hatton  Garden — Lock 
Charles  Hodgson,  Queen's  county — Treating  peat  in  bogs 
William  II.  Petitjean  ajld  Edward  M'Nally,  Manchester — Railway  carriages 
Herbert  Allman,  Ampthill  Square — Burglar  proof  safes 
Johu  H.  Tyler,  Bermondsey — Rolling  leather 


3rd  August,  1865. 
John  W.  Perkins,  Strand — Purification  of  paraffin  oil 
Edward  S.  Horridge,  Cheltenham— Signals  for  railways 
Peter  Cato,  Liverpool — Ship  fastenings 
William  H.  Brooks,  Rock  Ferry — Fog  horns 
Ephraim  Sabel,  Moorgate  Street — Sheet  iron. — A  com. 
William  Morgans,  Brendon  Hills — Coke  ovens 
Henry  D.  P.  Cunningham,  Alverstoke— Working  guns 
Ernest  L.  Ransome,  Ipswich— Paints 

William  II.  Preece,  Southampton— Railway  electrical  sigmil 
Luke  Anderson,  Newtown — Horse  shoes 

4th  A  ugust,  1865. 
Ephraim  Sabel,  Moorgate  Street— Iron.— A  com. 
Patrick  Robertson,  St.  Mary  Axe— Brewing 
Adderley  Sleigh,  Eaton  Square— Self-acting  motive  power 
William  Clark,  Chancery  Lane— Motive  power  engine.— A  com. 
John  Gaukroger,  York,  and  John  Dodgeon,  Burnley— Beaming  yarns  of  cotton 
J.  A.  Leon,  G.  Tessimond,  and  J.  Kissack,  Liverpool— Filtering  sugar 
Emil  Wild  aud  Wilhelm  Wessel,  Berlin— Burners  for  lamps 
Frederick  G.  Mulholland,  Dover  Road— Submarine  telegraphic  cables 
Thomas  S.  Raney,  Dorset  Square — Lamp-glasses  of  railway  carriages 
Henri  A.  Bonneville,  Paris— Revolver  pistols. — A  com. 
Henri  A.  Bonneville,  Paris— Axle  boxes.— A  com. 

Henri  A.  Bonneville,  Paris— Checking  the  payment  of  fares  in  cabs.— A  com 
Thomas  W.  Webley,  Birmingham— Fire-arms 
Alfred  V.  Newton,  Chancery  Lane— Gun  wipers  —A  com. 
Alfred  V.  Newton,  Chancery  Lane— Cigars.— A  com. 
George  B.  Woodruff,  Cheapside— Sewing  machines 

Blh  August,  1865. 
Hubert  C.  Baudet,  Paris— Keyed  musical  instrument 
Samuel  Buxton,  Leeds— Numerical  registering  machine 
Henry  Geering,  Birmingham— Sackings  of  metallic  bedsteads.— A  com. 
Thomas  Smith  and  John  Brook.  Rodley— Coupling  for  railway  carriages 
John  11.  Johnson.  Middlesex— Ornamentation  of  glass.— A  com. 
John  Petrie,  Rochdale— Washing  wool 
Adolph  Millochau,  United  States— Distillation  of  petroleum 
Cortland  II.  Simpson,  Bexhill— Lowering  ships'  boats 

Tlh  August,  1S53. 

2042  Abraham  F.  Osier.  Birmingham— Lamps  for  burning  paraffin  oil 

2043  Adrienne  A.  Foubert,  Jersey— Regulating  the  passage  or  How  of  steam 

2044  William  Pollock  and  John  Stobo,  Dumbarton— Washing  yarns 
2015  John  Mead,  A  bridge -Stopping  railway  carriages 

2046  William  and  George  Crosher,  Ann  Street— Scarfs 

2047  Louis  J.  Crossley,  Halifax— Electric  telegraphic  apparatus.— A  com. 

2048  William  Clark,  Chancery  Laie-Loading  of  ships.— A  com. 
2019  Alfred  V.  Newton,  Chancery  Lane— Delivery  of  letters. — A  com. 
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2060  William  C.  Podge,  United  States— Fire-arms 

2051  Matthew  P.  W.  Boulton,  Tew  Park— Generating  steam 

8th  August,  1SG5. 

2052  noratio  Fletcher  and  George  Gore,  Gateshead— Signalling  railway  trains 

2053  Janies  Buchanan,  Ban-head,  and  Hubert  Boyd,  Glasgow— Dyeing  yarns 

2054  W.  R.  Corson,  Manchester— Construction  of  shop  fronts 

2055  T.  G.  Messenger,  Loughborough— Portable  machine  for  cutting  screw  threads  on 

pipes  . 

2056  William  Rock,  Walworth— Printing  machines 

2057  James  Gale,  Plymouth— Treating  gunpowder 

205S  Samuel  Middle  ton.  Shoe  Maker  Itow— Machinery  for  brushing  hair 

9th  August,  1865. 

2059  J.  H.  Eadcliffe,  Oldham— Lubricating  of  spindles 

2060  G.  Harvey  and  A.  Harvey,  Glasgow— Machinery  for  screwing  bolts 

2061  T.  R.  Shaw,  Pendleton— Looms  for  weaving 

2062  Henry  Cartwright,  Broseley—  Steam  engines 

2063  S.  and  J.  Law,  Wolverhampton— Fire-arms 

2064  Charles  West,  Kcunington  Road— Giving  immediate  warning  of  undue  heat 

2065  Arnold  Budenberg,  Manchester— Adjusting  levels.— A  com. 

2066  William  Aston,.  Birmingham— Buttons 

2067  B,  Russ  and  E.  Gandell,  Lambeth— Sewing  machines 

206S  J.  W.  Sumner,  Vauxhall  Bridge  Road,  and  C.  A.  Scott,  Brnmpton— Bricks  for 
building 

2069  J.  W.  Longstnff,  Stratford— Relieving  slide  valves  of  back  pressure 

2070  Ludwig  Schad,  Warrington— Magenta  for  dyeing 

10th  August,  1865. 

2071  M.  II.  Blanchard,  Blackfriars  Road— Vitreous  stone 

2072  T,  F.  Henley,  Pimlico— Heating  and  evaporating 

2073  J.  and  H.  Ingham,  and  J.  Broadlev,  Halifax— Looms  for  weaving 

2074  CO.  Crosby,  United  States— Needles 

2075  C.  J.  R.  Jahns,  Berlin— Mounting  telescopes 

2076  Alexander  Mendel,  St.  James'  Street— Paper 

2077  Thomas  Allcock,  Birmingham — Stair  rods 

2078  Joseph  Faren,  Belfast— Cleaning  China  grass 

2079  W.  E.  Newton,  Chancery  Lane— Making  eyelets.— A  com. 

11th  August,  1865. 

2080  W.  T.  Cole,  Bow  Road,  II.  S.  Swift,  Peckham,  and  A.  Soares,  Seething  Lane 

Propulsion  of  vessels 
20S1  P.  C.  Kjellberg,  Minories— Fixing  safes 

2082  R.  D.  Morgan,  Hay — Coupling  railway  carriages 

2083  R.  A.  Broom  an,  Fleet  Street— Printing  threads.— A  com. 

2084  R.  W.  Armstrong,  Belleek— Moulding  clay 

2085  J.  H.  Johnson,  Middlesex— Candles. — A  com. 

2086  T.  E.  Stephens,  Liverpool— Railway  carriages 

2087  Horace  Jee,  Liverpool — Table  salt 

2088  H.  R.  Guy,  London  Street— Submarine  telegraph  cables 

12<A  August,  1S65. 

2089  Jonas  Tatham  and  John  Smith,  Rochdale — Preparing  cotton 

2090  James  Knowles,  Bolton — Lubricating  the  axles  of  colliery  waggons 

2091  William  Bulluugh,  Blackburn— Looms  for  weaving 

2092  W.  E.  Newton,  Chancery  Lane— Burglar-proof  lock 

2093  William  Betts,  City  Road— Capsules 

2094  Henry  Woodward,  Cannon  Street— Gas  burners 

2095  Henry  Woodward,  Cannon  Street— Carburetting  coal 

Uth  August,  1865. 

2096  R.  A,  W.  Westley,  Camden  Town— Fluids  for  sanitary  purposes.— A  com. 
2U97  Frederick  Brampton,  Birmingham — Files  for  holding  letters 

2098  William  Btlnger,  Chancery  Lane — Grain  and  seed. — A  com. 

2099  W.  F.  Ilcnson,  Portland  Place— Railway  chairs 

2100  J.  T.  Lockey,  Sutton— Copper 

2101  J.  G.  and  R.  S.  Dale,  Manchester— Prevention  of  forgery  of  bank  cheques 

2102  John  Gamgee,  Bayswater— Cow-houses 

loth  August,  1865. 

2103  R  C.  Lilly,  and  James  Sunderland,  Birmingham— Sleeve  links 

2104  J.  W.  MDermotf,  United  States— Bolt  heading  machines 

2105  J.  F.  Boetius,  Smethwick — Furnaces. — A  com. 

2106  J.  II.  Johnson,  Middlesex — Spongy  metals. — A  com. 

2107  Abel  Mills,  Sunderland— Pumps  tor  use  in  ships 
210S  James  Brown,  Greenock — Fire-arms 

2109  W.  O.  and  J.  Wilson,  Liverpool — Extinguishing  firo 

2110  Michael  Henry,  Fleet  Street — Photography. — Acorn. 

16th  August,  1865. 

2111  James  Billings  Kentish  Town — Ventilators 

2112  William  Clark,  Chancery  Lane— Taking  measurements. — A  com. 

2113  John  Smith,  Baxcuden,  and  William  Schofield,  Heywood — Dyeing  yams 

2114  John  Ingham,  and  John  Culpan,  Bradford— China  grass 

2115  William  Gadd,  Nottingham,  and  John  Moore,  Manchester — Looms  for  weaving 

2116  J.  H.  Johnson,  Middlesex — Paper  bags. — A  com. 

2117  F.  M.  Chalmers,  Glasgow— Textile  fabrics. — A  com. 

2118  William  West,  St.  Blazey — Preparing  lubricating  compounds 

2119  J.  B.  Brown,  Cannon  Street — Lawn  mowing  machines 

2120  Samuel  Parry,  Leadenhall  Street — Coating  ships'  bottoms 

\7th  August,  1865. 

2121  Samuel  Phillips,  and  Joseph  Groves,  Birmingham — Safes 

2122  A.  Akeroyil  and  J.  Lister,  Bradford— Shuttles  for  weaving 

2123  Oscar  Laurence,  Euston  Road — Medicine  for  the  cure  of  diseases  of  the  stomach 

2124  F.  J.  Jones,  Aldermanhnry — Fastening 

2125  Eugene  Rimmel,  Strand— Metallic  capsules 

2126  R.  A.  Brooman,  Fleet  Street  — Washing  fabrics. — A  com. 

2127  A.  V.  Newton,  Chancery  Lane— Drying  timber. — A  com. 

2128  N.  C.  Szereliny,  Pimlico— Paper  boards 

ISth  August,  1SG5. 

2129  G.  H.  Smith,  Somerset — Preparing  hemp 

2130  James  Stevenson,  Strand— Steam  engines. — A  com. 

2131  Richard  fluke,  Altrlncham— Ornamentation  of  crinolines 

2132  Matthew  Cartwright,  Tavistock  Street,  and  Augustus  Dale,  Kentish  Town— Elastic 

material  to  bunts 

2133  Phineas  Lawrence,  Basinghall  Street— Boots  for  the  feet 
2131  J,  L.  Clark,  Beechmont — Submerged  telegraph  cables 

2135  A.  and  W.  Young,  Gower  Street— Tvpc  composing  machines 

2136  W.  E.  Gedge,  Strand— Calf  skins.-  A  com 

2137  R.  A,  Brooman.  Fleet  Street— Cast  steel.— A  com. 

2138  George  Howard,  Oxford  Street— Ornamenting  walls.— A  com. 

2139  J.  L.  Naisb,  Brighton— Illustrating  astronomical  phenomeua 

2140  Alexander  Watt,  Putney— Soap 

2141  John  Hope,  Reading— Packing  cases 


19(7i  August,  1865. 

2142  Isaac  Eernhard,  Paris— Artificial  saltpetre. — A  com. 

2143  W.  and  J.  W.  Wood,  Monkhill— Pomfret  cakes 

2144  J.  S.  Watson,  Horwood,  and  C.  Brumfit,  Westminster— Galvanic  batteries 

2145  George  Whitford,  Acacia  Road — Toy  called  "  Flying-fish" 

2146  Charles  Edkins,  James  Newman,  and  Thomas  Greaves,  Birmingham— Buttons 

2147  R.  A.  Brooman,  Fleet  Street— Twisting  threads.— A  com. 

2148  J.  E.  Marsh,  Birmingham— Punkahs 

2149  W.  E.  Newton,  Chancery  Lane — Bricks. — A  com. 

2150  J.  B.  Austin,  Blackfriars— Stopping  bottles 

2151  William  Soper,  Reading— Fire-arms 

21s(  August,  1865. 

2152  John  Bowden,  Mitcham — Blacksmiths'  bellows 

2153  G.  Dennis,  United  States — Lucifer  matches 

2154  William  Shakespear,  Saint  Pancras— Retarding  railway  trains 

2155  Fleeming  Jenkin,  A  del  phi— Telegraph  cables 

22nd  August,  1865. 

2156  D.  G.  S.  and  S.  Staight,  Hatton  Garden— Keys  for  pianofortes 

2157  J.  A.  Turner,  Manchester — Cylinders 

2158  John  Lockwood,  Leeds— Steam  boiler  furnaces 

2159  F.  C.  B   Robinson,  Carlisle — Couplings  for  railway  carriages 

2160  M.  J.  Lopez-y-Munoz,  Havana — Cigarettes 

2161  Charles  Marsden,  Kingsland  Road — Electric  telegraph  cables 

2162  D.  O.  Jones,  Pontesford— Cleansing  the  bottoms  of  ships 

2163  J.  G.  Avery,  Regent  Street— Paint. — A  com. 

23rd  August,  18G5. 
2161  G.  Little,  Oldham— Combing  cotton  wool 

2165  Henry  Willis  and  George  Rice,  Worcester — Sewing  machines 

2166  J.  H.  Scott,  Manchester— Furnace  for  annealing  iron 

2167  John  Newton,  Preston— Prevention  of  the  effluvia  from  drains 

2168  L.  J.  Levisohn,  Goswell  Road — Syphons 

2169  Daniel  Macpherson,  Edinburgh— Sewing  machines 

2170  Donald  M'Kellar,  Glasgow — Copperplate  printing 

2171  E.  H.  C.  Monckton,  Dublin— Utilizing  the  refuse  of  straw 

2172  J.  G.  Tongue,  Chancery  Lane — Clipping  horses. — A  com. 

24^  August,  1865. 

2173  John  Moody,  Goole — Floating  batteries 

2174  David  Davies,  Crumlin— Steam  hammers 

2175  W.  C.  Cambridge,  Bristol— Steel 

2176  Frederick  Thomas,  Bishopsgate  Street— Heating  the  ovens  of  kitchen  ranges 

2177  Frederick  Ayckbonm,  Westminster— Stockings 

217S  W.  E.  Newton,  Chancery  Lane — Well  sinking  tubes. — A  com. 
2179  Giacomo  Bagnagatti,  Leicester  Square — Gas  burners 

25th  August,  1865. 
21S0  J.  I.  Barber,  Sheffield— Self-adapting  skate.— A  com. 

2181  Lemuel  Clayton,  Southwark — Carpets 

2182  H.  H.  Henson,  Westminster — Railway  chairs 

2183  William  Rogers,  Newport — Permanent  way  of  railways 

2184  E.  A.  Curlcy,  Clerkenwell— Production  of  light 

2185  G.  W.  Howard,  United  States — Tanks  for  petroleum 

2186  George  Owen,  Islington — Copying  presses 

21S7  C.  A.  Watkins,  Westminster — Carbonic  acid  gas 

216S  E.  H.  Woodward,  New  York— Cutting  marble 

21S9  W.  E.  Newton,  Chancery  Lane— Steam  boilers. — A  com. 

2190  A.  V.  Newton,  Chancery  Lane — Skates. — A  com. 

2191  John  Moule,  Hackney  Road— Treatment  of  tar 

2Gth  August,  1865. 

2192  Frederick  Hazeldine,  Surrey— Carts  for  transporting  furniture 

2193  J.  F.  Hearscy,  Brompton— Spirit  meter. — A  com. 

2194  J.  A.  Wanklyn,  London — Violet  dye-stuffs 

2195  John  Fordred,  Blackheatb — Refining  petroleum 

2196  F.  A.  E.  G.  de  Massas,  Hoxton— Treating  cotton  seeds 

2197  John  Symmons,  Wolverhampton— Horse  shoes 

2198  E.  D.  Hodgson,  Paper  Buildings  Temple— Locks 

2199  R.  G.  Rattray,  Aberdeen— Supplying  measured  quantities  of  w&ter 

2200  G.  T.  Bousfieid,  Brixton— Folding  chairs.— A  com. 

28*A  August,  1865. 

2201  Alfred  Paraf,  Manchester — Dyeing  woollen  fabrics 

2202  W.  Graham,  Bolton,  J.  Broughton,  Manchester,  and  T.  Corkhill,  Birkenhead  — 

Rotatory  engines 

2203  H.  A.  Bonneville,  Paris— Distilling  alcohols.— A  com. 

2204  H.  A.  Bonneville,  Paris  -Velvet.— A  com. 

2205  H.  A.  Bonneville,  Paris — Presses  for  elastic  substances. — A  com. 

2206  II.  A.  Bonneville,  Paris — Dyeing  colours  in  fibres. — A  com. 

2207  If.  A.  Bonneville,  Paris— Skirts  of  ladies'  dresses. — A  com. 

2208  H.  A.  Eonneville,  Paris— Flying  toys. — A  com. 

2209  S.  T.  Jones,  Peckham — Submarine  electric  telegraph  cables 

2210  Prosper  Polain,  Belgium — Sliding  revolver 

2211  A.  V.  Newton,  Chancery  Lane — Supplying  boilers  with  water. — A  com. 

2212  Edward  Davies  and  R.  H.  Taunton,  Birmingham — Combination  drill  brace 

2213  W.  P.  Piggott,  Regent  Street— Electric  telegraph  cables 

29th  August,  1865. 

2214  R.  T.  Holmes,  Kingsland — Disengaging  horses  from  carriages 

2215  George  Robinson,  Kingswinford — Moulds  for  casting  metallic  pipes 

2216  Adolph  Gwilt,  Birmingham — Utilizing  sulphurous  smokes 

2217  Richard  Laming,  Kilburn— Electrical  telegraphy 

2218  Geminiano  Zanni,  Oxford  Street— Sewing  machines 

2219  Hull  Terrell,  Basinghall  Street,  and  Thomas  Don,  New  Cross— Treating  peat 

2220  W.  H.  Gummer,  Rotherham— Stench  trap 

2221  W.  P.  Gregg,  United  States-Roller  skate 

2222  I.  and  W.  H.  Bailey,  Keighley— Combing  wool 

2223  William  Clark,  Chancery  Lane — Propelling  vessels. — A  com. 

2224  G.   F.  White,  Hornsey,  and  H.  Chamberlain,  Falcon  Square— Contracting  waist 

belts 

30th  August,  1835. 

2225  Thomas  Cope,  Hampstead  Road,  and  William  Guest,  Clerkenwell — Rope  cordage 

2226  William  Brooks,  Chancery  Lane— Constructing  cast-iron  bridges. — A  com. 

2227  J.  C.  Green,  Islington— Permanent  way  of  railways 

2228  James  Fallows,  Chancery  Lane — Handles  for  spoons 

2229  William  Crookes,  Fleet  Street — Separating  gold  and  silver  from  their  ores 

2230  C.  F.  Anderson,  Finchley,  and  David  Durant,  Colney  Hatch— Pockets  to  insure  the 

safety  of  their  contents 

2231  J.  H.  Johnson,  Middlesex— Tanning.— A  com. 

2232  Thomas  Wrigley  and  M.  B.  Westhead,  Manchester— Vibration  of  sliding  windows 

2233  W.  II.  P.  Gore,  Portland  Place— Securing  corks  in  the  necks  of  bottles 

2234  S.  L.  James,  Croydon — Traction  engines 

2235  S.  and  S.  Gilbert,  Wansford— Tilling  land 

2236  G.  Smith  and  C.  Ritchie,  Thames  Street— Brushes 
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THE  PROGRESS  OF  THE  BESSEMER  STEEL  MANUFACTURE, 

AND  SOME  POINTS  IN  THE  METALLURGY  OF  STEEL. 

Illustrated  by  Plate  10. 

We  cannot  recall  any  one  improvement  or  discovery  in  the  annals  of 
iron  metallurgy  at  least,  if  not  in  those  of  metallurgy  at  large,  that  has 
had  a  career  so  marked,  decisive,  and  important,  from  the  day  of  its 
first  promulgation  to  the  moment  we  write,  as  has  the  invention  of  Mr. 
Bessemer. 

Magnificent  as  are  already  the  results  as  regards  himself  in  a  money 
aspect,  and  as  respects  the  profits  made  hy  those  who  have  promptly 
and  fully  gone  into  the  new  steel  manufacture,  they  are  as  nothing  to 
those  financial  returns  that  are  sure  to  he  obtained  by  those  who,  upon 
a  still  larger  scale,  shall  go  into  it  during  the  next  quarter  of  a  century. 

Great  as  must  be  the  riches  with  which  the  Bessemer  process  shall 
enrich  many  makers,  they  will  ever  be  but  as  the  fine  dust  of  the 
balance  compared  with  the  money  value  of  the  rich  endowment  that 
it  has  conferred  upon  mankind — the  extent  or  end  of  which  the 
imagination  of  no  man  can  as  yet  rightly  compass. 

In  a  communication  made  hy  Mr.  Bessemer  himself  to  the  chemical 
section  of  the  British  Association  in  September  last  at  Birmingham,  he 
informed  us  that  already  there  are  seventeen  Bessemer  steel  works  in 
operation  in  England  alone,  possessing  sixty  converting  vessels,  each 
holding  a  charge  of  from  three  to  ten  tons ;  and  that  if  all  be  at  full 
work,  these  can  pour  out  upon  the  market  six  thousand  tons  of  steel 
per  week,  which  is  more  than  fifteen  times  the  total  production  of  steel 
of  all  sorts  in  Great  Britain  prior  to  the  Bessemer  invention. 

There  is  no  doubt  that  the  Bessemer  steel  is  as  yet  sold  too  dear,  i.e., 
sold  at  an  unjustifiably  high  profit,  even  after  the  royalties  are  taken 
into  consideration.  This  is  only  the  natural  result  of  the  working  of 
the  patent — and,  let  us  add,  the  proper  result,  so  far  as  giving  the 
inventor  his  financial  reward  is  concerned.  But  this  high  price,  so  far 
as  the  too  large  profit  to  the  mere  maker  is  concerned,  will  inevitably 
drop  as  the  manufacture  gradually  extends,  and  new  works  bring  the 
element  of  competition  more  to  bear  on  the  existing  ones. 

But  even  now  the  Bessemer  steel  is  £20  per  ton  under  the  price  of 
steel  of  no  better  quality  made  under  the  old  processes ;  and  taking  this 
on  the  whole  production,  Mr.  Bessemer  calculated  that  the  annual 
saving  to  the  consumer  in  Great  Britain  is  now  six  and  a  quarter  millions 
sterling  nearly.  The  saving  is  very  great  beyond  question  ;  but  this  is 
surely  much  to  overstate  it  in  one  aspect,  while  it  is  to  lose  sight  of  the 
most  important  views  that  the  statistics  of  the  case  properly  impress 
upon  us. 

In  anti-Bessemer  times,  all  the  steel  made,  and  therefore  all  used, 
was  only  one-fifteenth  of  what  is  now  poured  out  from  the  Bessemer 
converting  pots.  The  money  saving  should  be  calculated  upon  that 
total  weight  of  Bessemer  steel  only  that  has  been  substituted  for  the 
steel  made  by  the  old  methods.  This,  even  suppose  the  whole  of  the 
cemented  or  cast  steel  of  old  supplanted,  would  reduce  the  annual 
economy  to  one-fifteenth  of  six  and  a  quarter  millions,  or  to  about 
£400,000 — quite  enough  for  the  most  zealous  friend  of  the  invention  or 
inventor. 

But  the  fact  is,  that  for  a  great  variety  of  purposes,  and  on  a  very 
great  scale,  the  old  manufacture  continues ;  and  whether  wholly  or 
partly  from  mere  prejudice  and  trade  interests,  or  with  more  or  less 
basis  of  physical  truth,  it  is  said  that  for  many  uses  the  Bessemer  steel 
will  not  answer — especially,  it  is  said,  it  will  not  answer  for  fine  cutlery 
or  edge  tools,  nor  for  fine  spring  work,  or  fine  steel  wire,  &c,  &c.  We 
cannot,  from  our  own  knowledge,  say  what  amount  of  truth  there  may 
be  in  this,  but  we  have  seen  razor  blades  and  crinoline  steel  springs 
said  to  have  been  made  of  Bessemer  steel,  and  to  have  proved  quite  as 
good  as  if  of  the  best  cemented  and  cast  steel. 

It  is  admitted  at  length  apparently  on  all  hands,  even  by  the  steel 
makers  on  the  old  process,  that  in  large  masses,  and  for  all  uses  demand- 
ing hardness,  rigidity,  high  cohesion,  &c,  the  Bessemer  steel  is  as  good 
as  any  they  can  produce.  We  should  have  added  above,  that  we  have 
also  seen  cold  chisels  made  of  Bessemer  steel  in  the  hands  of  workmen, 
wholly  uninterested  engine-fitters,  who  told  us  they  stood  well.  AVe 
do  not  kuow  with  what  success  the  material  has  been  tried  for  file 
making. 

It  results  from  these  facts,  that  as  the  Bessemer  steel  has  not  sup- 
planted the  whole  of  the  old  process  steel,  even  the  £400,000  must  be 
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a  large  over-estimate.  But  there  is  another  suggestion  that  these 
figures,  to  which  we  have  just  alluded,  present.  Twelve  or  fifteen  times 
more  cast  steel  is  now  brought  annually  into  the  market  than  was  pro- 
duced ten  years  ago — allowing  that  all  the  old  process  steel  is  still 
exported  as  before,  or  wrought  up  into  its  old  purposes,  and  that, 
probably,  a  tolerably  large  modicum  of  Bessemer  steel  is  now  annually 
exported  and  sold  abroad,  as  cast  steel  assumed  to  be,  or  knowingly 
stated  to  be,  of  the  old  process — it  follows  that,  say  from  ten  to  twelve 
times  the  total  amount  of  steel  produced  ten  years  ago  is  now  turned 
out  annually,  and  entirely  devoted  to  new  uses. 

This  is  a  far  more  important  result,  a  far  more  encouraging  aspect 
of  the  Bessemer  invention,  than  even  were  it  a  sober  financial  fact, 
which  it  clearly  is  not,  that  it  is  effecting  an  economy  of  expenditure 
in  England  at  present  of  six  and  a  quarter  millions  per  annum. 

The  grand  advantage  with  which  Bessemer  has  endowed  mankind  is 
this,  that  steel  will  rapidly  supplant  both  cast  iron  and  wrought  iron — 
that  it  will  do  so  at  a  price  ultimately  perhaps  as  small  as  that  at  which 
wrought  iron  is  now  sold — and  that  its  properties,  when  substituted 
for  cast  and  wrought  iron,  make  it  in  the  hands  of  the  machinist  and 
the  civil  engineer,  absolutely  a  new  constructive  organon. 

Practicall}'  considered  of  the  same  specific  gravity  as  cast  or  wrought 
iron,  the  Bessemer  steel  is  at  least  four  and  a  half  times  stronger  as 
against  tension  than  average  good  wrought  iron,  and  at  least  eight  times 
stronger  than  cast  iron  of  good  quality,  exposed  to  steady  pull. 

While  as  against  compression,  its  resistance  is  greater  than  that  of 
any  cast  iron,  not  chilled  or  brittle,  and  is  at  least  five  times  that  of 
good  fibrous,  or  about  four  times  that  of  any  good  wrought  iron. 

The  Bessemer  steel  can  be  moulded  and  cast  (like  common  cast 
iron)  in  properly  prepared  fire-clay  moulds,  and  can  then  be  hammered 
and  fashioned,  and  made  still  denser  and  tougher,  or  may  be  employed 
at  once  as  cast — a  cast  iron,  so  to  say,  eight  times  stronger  than 
ordinary. 

As  cast  into  the  cast  iron  ingot  moulds,  which  suddenly  cool  the 
exterior,  Bessemer  steel  is  full  of  cavities  or  air-bubbles,  which  probably 
contain  carbonic  oxide,  the  last  remnant  of  the  burnt-out  carbon  ;  but 
means  may  be  easily  devised  to  get  rid  of  these  air-bubbles,  in  casting 
the  steel  for  framing  or  other  such  purposes,  in  fire-clay  moulds.  In 
fact,  the  casting  of  objects  such  as  railway  wheels,  &c,  in  crucible 
melted  cast  steel  of  the  old  process,  or  made  by  puddling,  is  constantly 
done  at  the  Bochum  works  in  Westphalia,  and  from  which  it  has  been 
imported  and  employed -by  Naylor,  Vickers,  &  Co.,  at  Sheffield.  This, 
however,  is  to  digress. 

These  properties  admit  of  structural  results,  the  variety,  extent,  and 
importance  of  which  no  one  can  now  fully  predict.  We  may  obtain 
equal  strength  with  less  than  one-fourth  the  weight  employed  in 
wrought  iron,  and  so  may  economize  bulk  and  dead  load,  and  give 
additional  cargo  or  fuel-room  in  our  steamships  ;  or  we  may,  with  no 
addition  of  weight,  get  more  than  four  times  the  strength  of  wrought 
iron  (greatly  more  than  this,  in  truth,  in  large  forged  masses  of  wrought 
iron,  as  Mr.  Mallet's  experiments  conclusively  proved),  and  so  may 
insure  the  safety  of  our  crank  or  propeller  shafts,  and  of  every  moving 
part  of  every  machine  liable  to  great  or  variable  strain.  It  will  take 
some  years  still,  especially  with  our  inert  and  routine  habits  in  England, 
before  the  mere  prejudice  and  love  of  ease  and  fancied  safety  in  the  old 
and  known  materials,  and  the  tendency  to  follow  in  the  wake  of  this 
and  that  "  safe  man  "  who  has  got  a  reputation,  will  let  our  mechani- 
cians and  civil  engineers  really  take  such  advantages  as  they  may,  out 
of  Bessemer  steel.  But  these  same  tendencies  produce  another  not  a 
little  observable,  and  scarcely  creditable  to  us  as  a  nation,  namely,  that 
of  following  the  leader  like  sheep,  directly  after  the  first  one  has  with 
a  frantic  leap  sprung  over  the  gap.  We  have  no  doubt  that  all  at  once, 
and  within  a  very  few  years,  such  an  expansion  of  the  application  of 
steel  in  substitution  of  iron  and  other  materials  will  in  this  way  take 
place  as  will  quite  surprise  the  looker  on. 

"  Ship  plates"  under  the  name  of  malleable  iron,  yet  no  better  than 
cast  iron,  will  be  a  thing  of  the  past.  The  frames  and  hulls  of  all 
metallic  shipping  will  be  of  steel.  What  increases  of  strength,  what 
reductions  in  draft  of  water,  what  increments  of  speed,  what  concen- 
trations of  power,  what  structural  facilities  and  cheapenings  of  produc- 
tion, what  diminutions  of  corrosion  and  fouling  in  sea  water,  will  then 
unfold  themselves,  one  after  another,  in  every  branch  of  nautical  and 
marine  engineering ! 

In  bridge  building,  1060  feet  suspension,  or  460  feet  girder  bridges, 
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will  be  far  within  practicable  limits — framed  girders,  latticed  in  part, 
i.e.,  diagonally  braced,  of  1000  feet  span  in  steel  are  no  chimera;  nor 
suspension  bridges  of  half  a  mile  span  any  impossibility. 

Whenever  the  greediness  of  our  iron  masters  (or  steel  masters  to  be) 
will  allow  them  to  turn  out  such  light  sections  of  steel,  not  as  may  best 
fill  their  ledgers,  but  may  best  fulfil  the  wants  of  the  engineer  and 
architect,  timber  as  a  bearing  material  in  our  buildings  will  largely  go 
out  of  use,  and  with  it,  much  of  our  dangers  and  losses  by  fire. 

This,  even  with  wrought  iron,  would  have  happened  long  ago  in 
England  to  a  considerable  extent,  as  it  has  done  in  France,  if  it  were 
possible  to  procure  here  those  light  and  strong  double  T  and  other 
joist  sections  of  rolled  iron,  which,  under  the  name  of  Sores  and  other 
girders,  are  so  largely  employed  in  all  classes  of  houses,  stores,  ware- 
houses, workshops,  &c,  in  France. 

Plenty  of  cheap  steel  will  at  length  compel  our  rollers  to  give  us  such 
sections  in  Bessemer  steel,  and  if  the  material  be  rightly  disposed,  and 
no  more  insisted  upon  being  swallowed  by  the  purchaser  than  he  really 
wants,  the  day  will  have  come  when  we  shall  bid  farewell  to  dwelling 
house  floors  supported  by  packing  deal  planks  under  them  at  twelve 
inches  apart  and  on  edge,  and  duly  put  into  fiery  connection  by  lath 
and  counter  flooring,  ready  for  "  a  flare  up." 

Already  upon  our  railways  steel  rails,  to  a  larger  extent  steel  "  points 
and  crossings,"  are  taking  the  place  of  wrought  iron  or  cast  iron — as  steel 
unwelded  tyres  will  supplant  all  wrought  iron  ones.  Locomotives,  in 
all  their  parts  not  necessarily  of  gun  metal,  or  copper,  or  brass,  will  be 
of  steel.  The  boilers,  not  only  greatly  stronger,  but  much  more  rigid 
and  unyielding  to  changes  of  pressure,  will  be  relieved  of  some  of  the 
causes  now  producing  unequal  and  dangerous  local  wear  internally.  Or 
should,  as  some  predict,  the  good  progress  of  the  gripped  mid  rail  system 
upon  steep  inclines,  as  at  the  Mont  Cenis  overtop  line,  be  such  as 
to  cause  the  universality  of  the  adoption  of  that  system  upon  all  lines — 
and  much  may  be  said  in  favour  of  such  a  change — then  the  weight  of 
the  whole  locomotive  may  be  redjiced  to  an  immense  extent,  without 
impairing  either  its  present  strength,  or  its  tractile  power — now  only 
a  function  of  its  dead  weight. 

But  speculation  not  merely  as  to  what  is  possible,  hut  what  is  most 
probable  or  all  but  certain,  as  to  the  future  of  this  steel  and  its  applica- 
tion, is  without  end. 

Every  such  discovery  is  a  prosaic  but  literal  fulfilment  of  the  old 
classic  myth :  it  is  as  though  a  god  had  descended  upon  earth  and 
endowed  mankind  with  a  precious,  new,  ami  unknown  material,  carried 
from  Olympian  heights  far  above  mortal  ken,  and  then  in  the  plenitude 
of  power  had  scattered  it  unstintingly  at  the  feet  of  men. 

We  cannot  in  this  paper  recur  minutely  to  the  theoretic  metallurgy 
of  the  Bessemer  process — a  vast  subject,  much  of  which  remains  to  be 
ably  handled  by  the  experimenter. 

We  would,  however,  commend  to  readers  of  German  two  brochures 
on  the  subject  which  have  recently  appeared  at  Leipsic  and  Vienna. 
The  first  is  entitled  "  Das  Bessemern  in  Schweden  in  seiner  jetzigen 
Praxis:  von  L.  E.  Boman,  Hiitteniugenieur  des  Schwedischeu  Gewerken- 
vereins  Jern  Kontoret."  Mit  einem  Vorwort  von  P.  Tunner.  Leipzig, 
Felix,  1804,  8vo.  The  other  and  more  recent  is  "Das  Bessemern 
in  Oesterreich,  eine  zusammenstellung,  &c,  &c,  mit  geschichtlichen 
vorbemerkungen,  eingeleitet  von  Otto  Freiherrn  von  Hingenau."  8vo. 
Wien,  F.  Manz,  18G5. 

As  usual,  these  pamphlets,  together  with  some  papers  in  French  and 
German  technical  journals,  of  which  abstracts  will  be  found  in  "Wagners' 
Jahresbericht,"  contain  more  and  more  precise  information  about  this 
English  invention  and  manufacture,  than  anything  to  be  found  in  the 
language  of  the  country  that  gave  the  inventor  birth.  We  almost 
think  it  would  be  worth  while  for  some  one  to  translate  and  publish  the 
■whole  of  these  in  England. 

The  Swedes,  with  the  ability  that  has  always  characterized  them  in 
all  that  belongs  to  siderotechnie,  have  found  it  possible  to  dispense 
altogether  with  the  orbicular  and  suspended  form  of  the  converting 
vessel  as  originally  devised  and  arranged  by  Mr.  Bessemer,  and  we 
believe  exclusively  employed  in  this  country  and  in  France,  and  have 
managed  with  perfect  success  to  adapt  a  fixed  converting  vessel,  which 
is  very  nearly  of  the  form  and  construction  of  a  common  iron  foundry 
cupola. 

This  construction,  which  is  shown  in  fig.  1  in  vertical  section,  and 
fig.  2  in  horizontal  section,  in  our  plate  engraving  for  this  month,  has 
the  advantage  of  simplicity,  small  original  outlay,  and  very  great  safety 


and  facility  in  use.  Our  readers  will  also  find  elevations  and  plans  of 
the  ladles  employed  with  this  converting  vessel  on  the  same  plate. 
The  converting  vessel  is  a  short  cylinder,  externally  cased  in  cast  and 
wrought  iron,  in  three  separate  segments,  a  bottom,  which  sustains  the 
fire  brick  lining  of  the  whole,  as  also  the  sand  bottom  covered  by 
refractory  clay  above. 

The  middle  piece,  which  is  double  cased,  or  contains  an  air  bolt 
running  all  round,  and  in  connection  with  the  blast  cylinders  and  with 
the  interior  of  the  vessel  by  several  air  apertures  passing  through  blocks 
of  moulded  and  baked  refractory  clay.  These  apertures  converge 
towards  the  centre  of  the  vessel,  all  round  at  the  level  of  the  sloping 
surface  of  the  bottom  ;  but  they  are  not  radially  arranged  (as  is  seen  in 
fig.  2),  but  tangentially  as  to  their  produced  axes,  with  a  circle  con- 
centric with  the  walls  of  the  vessel,  and  about  one-fifth  of  its  internal 
diameter.  The  object  of  this  is  that  the  penetrating  streams  of  air 
shall  give  a  rotatory  swimming  motion  to  the  whole  of  the  metal  in  the 
converting  vessel  while  blowing  through.  Opposite  each  air  aperture 
or  tuyer,  on  the  outer  side  of  the  air  belt,  is  a  simple  door  or  hole 
with  a  sliding  iron  cover,  to  enable  new  air  tuyers  to  be  inserted  as 
they  burn  out,  or  to  clear  the  hole  if  slagged  up. 

The  third,  or  upper  portion,  contains  the  lining  of  the  hood  or  cover, 
and  is  held  down  to  the  others  by  three  sets  of  clasps.  The  flame  when 
blowing  through  is  thrown  off  to  one  side,  as  in  the  Bessemer  vessel ; 
and  at  the  opposite  side  of  the  hood  is  a  sort  of  brick  lined  tun-dish  or 
hopper,  with  a  small  aperture  at  bottom  sloping  into  the  interior — 
through  this  the  cast  iron  already  fuzed  in  an  air  furnace  is  run  into  the 
converting  vessel,  the  air  blast  being  already  put  on,  so  that  no  iron  can 
escape  through  the  tuyers  into  the  air  belt. 

This  apparatus  is  capable  of  being  constructed  on  a  very  large  scale 
at  small  expense,  and  appears  very  safe  and  efficacious  in  use. 

The  pamphlet  of  Herr  von  Hingenau  is  quite  a  repertory  of  Bessemer 
metallurgy,  and  it  would  be  useless  to  quote  isolated  passages,  from  wdiat 
has  some  pretentions  to  be  a  systematic  though  brief  whole. 

We  learn  from  it  that  Bessemer  works,  in  addition  to  those  at  work 
in  England,  are  now  in  operation  in  Sweden  in  nine  different  works  in 
Dalecarlia  and  Noricia.  In  France  in  four  different  works :  those  of 
Dittrich,  near  Strasbourg;  Schneider,  at  Creusot;  Jackson  Brothers; 
Petit,  Gaudet,  &  Co.,  near  St.  Etienne ;  and  James  Jackson,  Son,  &  Co., 
at  St.  Seurin  sur  l'lsle.  In  Belgium  at  Seraing.  In  German)',  at 
Krupps  of  Essen ;  at  the  Bochum  and  the  Horde  works.  In  Russia  at 
Votkinske  in  the  government  of  Orenburg ;  and  in  Austria,  where  the 
first  converting  vessel  was  put  to  work  in  Carinthia,  on  the  4th  June,  1864. 

The  steel  made  has  been  submitted  to  exact  testing  for  strength,  by 
"a  marine  commissioner"  of  the  Austrian  government,  and  the  breaking 
strain  per  Vienna  square  inch,  is  given  in  Vienna  pounds  as  117703  lbs. 
minimum,  and  121841  lbs.  maximum. 

The  Austrian  pound  is  to  the  English  pound  avoirdupois  as  D7857  : 
2-2046,  and  the  Austrian  inch  is  to  the  English  inch  as  3-1634  :  3-2809. 
Thus  the  rough  measures  of  comparison  as  to  strength  which  precede, 
are  quite  within  the  actual  fact. 

In  France  we  find  that  the  spectroscope,  which  we  were  aware  had 
been  experimented  with  at  John  Brown  &  Co.'s  works  at  Sheffield,  has 
become  an  established  tool  of  the  workshop,  for  the  determination  by  the 
character  of  the  flame  from  the  converting  vessel,  of  the  moment  at 
which  the  uncombined  carbon  has  been  burnt  off. 

In  point  of  economy  the  Bessemer  process  transcends  that  of  puddling 
for  steel  making  in  every  way.  The  loss  of  cast  iron  by  the  former, 
is  only  from  two  to  three  per  cent.,  while  it  is  seven  to  eight  per  cent., 
and  often  a  great  deal  more,  in  puddling.  The  difference  in  fuel  con- 
sumed is  great,  and  that  in  labour  still  more.  Yet  there  is  one  grand 
result  obtained  both  in  steel  and  in  wrought  iron  making  by  the 
puddling  process,  which  as  yet  has  not  been  achieved  by  the  Bessemer 
— the  production  of  fibre,  upon  which  so  much  of  the  ultimate  extensi- 
bility of  the  material  depends ;  and  hence  so  much  of  the  high  con- 
structive value  that  is  due  to  a  just  union  of  ultimate  cohesion  and 
toughness,  the  product  of  which  is  represented  in  "  work  done  "  by  the 
Mallet  co-efficients  of  permanent  elasticity  and  of  rupture  Te  and  T r. 

Although  the  integrant  crystals  of  steel  are  much  smaller  and  less 
pronounced  (at  least  as  procured  by  the  Bessemer  process),  than  those  of 
puddled  wrought  iron,  there  can  be  no  doubt  that,  as  an  ingot  of  Bessemer 
steel  cools,  its  integrant  crystals  must  arrange  themselves  within  the 
mass,  in  exact  obedience  to  the  general  law,  viz.,  with  their  principal 
axes  of  symmetry  in  the  direction  in  which  the  surface  waves  of  heat 
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have  passed  off  from  the  mass,  that  is,  perpendicular  to  the  external 
surfaces  of  contour  of  the  ingot ;  provided  that  the  cooling  be  not  so 
rapid  as  to  preclude  time  for  any  symmetrical  arrangement. 

This  arrangement  is  in  fact  very  commonly  visible  in  a  broken  section 
of  an  ordinary  ingot  of  cast  steel  of  the  old  process,  and  markedly  so 
in  ingots  that  have  cooled  slowly  in  too  hot  ingot  moulds.  In  this  latter 
case  the  stellate  and  croisseule  arrangement  of  the  crystalline  axes,  as 
seen  in  the  transverse  section  of  a  broken  ingot,  is  remarkable  and 
beautiful— and  it  is  a  curious  example  of  old  ignorance  that  when  this 
is  seen  by  the  Sheffield  steel  casters,  they  call  the  steel  "  burnt,"  and 
actually  throw  it  aside  as  useless  until  remelted. 

Now  as  all  cast  steel,  Bessemer  or  other,  is  crystalline — and  as  the 
crystalline  axes,  when  free  to  dispose  their  poles  in  the  liquid  steel,  do 
take  directions  in  accord  with  the  general  law,  how  is  it  that  when 
the  large  ingot  of  Bessemer  steel  is  hammered  out — or  rolled  out — 
fibre  is  not  induced,  as  in  wrought  iron?  How  is  it  that  nothing  happens 
but  a  still  greater  diminution  of  the  size  of  the  crystalline  particles — a 
reduction  equal  nearly  in  all  dimensions,  and  which  seems  to  have  no 
visual  limits  as  the  reduction  of  the  size  of  the  piece  is  continued  by  the 
hammer  or  the  rolls,  until  at  last  the  microscopic  fineness  of  the  crystal 
gives  that  character  of  silvery  whiteness  and  lustre  to  the  naked  eye, 
by  which  the  fracture  of  a  very  small  piece  of  forged  steel,  as  a  knife 
blade,  is  characterized — when,  in  fact,  the  crystalline  particles  can  alone 
be  recognized  by  the  microscope  ? 

In  wrought  iron,  on  the  contrary,  whatever  may  be  the  direction  of 
the  principal  axes  of  symmetry  of  the  integral  crystals  in  the  puddled 
mass  when  cold,  they  are  ultimately  found,  in  accordance  with  the 
same  general  law,  parallel  with  the  direction  of  least  pressure  within 
the  mass  after  it  has  cooled,  whether  that  internal  pressure  has  been  due 
to  contraction  by  cooling,  or  by  the  squeeze  of  the  rolls,  or  to  both. 

If  the  iron  be  rolled,  say  a  bar  of  rivet  iron,  the  lengthway  fibre  is 
merely  this  arrangement  of  the  principal  axes  of  the  crystals.  The 
crystallizing  elements,  as  having  at  once  the  property  of  ductility,  as 
well  as  that  of  cry stallo -potentiality,  having  been  elongated  by  rolling, 
while  maintaining  their  constancy  of  axial  direction. 

Now  why  does  not  the  same  happen  with  steel,  and  if  it  could  be  made 
to  happen,  why  should  we  not  obtain  a  similar  great  increment  of  elastic 
extensibility  in  the  direction  of  the  fibre,  that  is,  of  the  lengthway  of 
the  rolled  bar  or  plate  of  steel,  that  we  do  in  wrought  iron  ?  We 
believe  the  cause  of  the  difference  is  not  any  one  inherent  in  the  chemical 
properties  of  steel  as  against  iron ;  although  it  is  true  that  from  the 
greater  rigidity  of  steel  at  the  temperature  at  which  it  can  be  hammered 
or  rolled,  as  compared  with  wrought  iron,  there  must  probably  be 
always  a  greater  difficulty  of  crystalline  arrangement  in  the  steel  than 
in  the  wrought  iron. 

This  is  a  molecular  or  physical  difference,  however,  and  in  this  is  the 
real  point  of  difference  iu  the  two  cases. 

The  ordinary  process  of  puddling  in  wrought  iron  is  one,  as  we 
lately  pointed  out  when  treating  of  mechanical  puddling,  partly 
chemical — the  robbing  the  cast  iron  of  certain  of  its  complex  constituents 
by  the  air  draft  and  fuel  of  the  furnace,  partly  mechanical — where, 
by  the  continual  movement  of  the  "  rabble"  or  rake,  the  puddler  kneads 
and  mixes  up  intimately  and  inseparably,  and  in  a  finely  divided  state, 
the  refined  iron,  with  a  certain  quantity  of  slog — or  silicate  of  iron — 
which  once  thus  involved  between  the  crystals  never  afterwards  wholly 
leaves  the  mass.  In  all  subsequent  operations,  whereby  the  iron  is  then 
rolled  or  otherwise  changed  in  form  by  pressure  or  blows  while  heated, 
this  fusible  slag,  disseminated  throughout  its  mass,  acts  as  a  lubricator 
so  to  say,  in  giving  freedom  and  motivity  to  the  rearrangement  of  the 
crystals,  whether  these  be  rolled  out  into  long  ones  (fibre)  or  not. 

Just  as  the  able  researches  of  Sharp,  Sorby,  and  Tyndall,  on  the 
mechanism  of  slaty  cleavage,  or  lamination  in  rocks,  in  ice,  in  clays,  in 
many  other  bodies,  have  shown  that  what  is  necessary,  is  a  heterogeneous 
and  yielding  body  between  the  particles  of  the  rigid  or  more  rigid  one, 
whether  those  of  the  latter  be  crystalline  or  not. 

This  Tyndall  familiarly  illustrated  by  the  way  in  which  the  lamellar 
or  fibrous  structure  is  given  to  common  puff  paste  by  the  cook — in  which 
the  butter  plays  the  part  of  lubricant  between  the  particles  of  dough. 

Now  let  us  appeal  to  the  facts  (A  puddled  steel,  whetlier  these  will  not 
bear  out  these  views. 

The  process  differs  in  nothing  from  puddling  iron,  but  in  stopping  it 
at  the  right  moment ;  but  the  working  of  the  "  steel  ball  "  with  the  rake 
of  the  puddler  goes  on  just  as  with  the  ordinary  "  puddle  ball "  of  wrought 


iron,  and  in  either  case  the  silicate  of  iron  is  more  or  less  mixed  up  with 
the  metal. 

The  steel  ball  is  now  hammered  and  rolled  into  a  plate  or  rod,  but 
now  it  is  found  that  it  has  acquired  a  certain  amount  of  fibre,  that 
the  coefficients  of  elasticity  (as  found  by  Wallet)  are  sensibly  different 
in  different  directions,  and  greatest  in  the  direction  of  the  rolled  length 
of  the  plate  or  rod.  Yet  what  is  the  difference  in  the  steel  itself 
puddled  made,  from  that  made  by  Bessemerising?  Nothing  practically 
except  that  the  former  contains  silicate  of  iron  kneaded  up  in  fine 
division  with  it,  the  other  does  not.  In  this  we  believe  alone  lies 
the  difference  in  the  result  of  rolling  on  each. 

So  far  as  elasticity  and  fibre  go,  the  presence  of  the  silicate  is  therefore 
a  precious  advantage  added  to  the  puddled  steel,  but  it  is  attended  with 
one  disadvantage,  for  wo  believe  that  it  is  owing  to  the  variable  amount 
of  silicate  present  in  puddled  steel,  and  to  the  greater  difficulty  with 
which  it  gets  arranged  parallel  to  the  crystalline  axes  in  the  more 
rigid  steel  than  in  wrought  iron,  that  so  much  difficulty  has  been  prac- 
tically found  in  insuring  uniformity  of  make  in  puddled  steel  plates  or 
bars.  Were  the  true  cause,  however,  once  precisely  examined  experi- 
mentally, we  can  see  that  it  would  not  be  difficult  to  devise  means  by 
which  this  want  of  uniformity  should  wholly  disappear. 

The  application  of  these  views  to  Bessemer  steel,  then,  is  as  follows, 
briefly  stated  : — Is  it  not  possible  to  combine  all  the  advantages  of  the 
Bessemer  converting  process,  in  producing  cheaply,  rapidly,  and  certainly 
an  excellent  steel,  with  that  part  of  the  puddling  process  which  dis- 
seminates the  silicate  in  the  puddled  steel,  and  so  to  obtain  a  steel 
having  all  the  prime  advantages  of  both  sorts — a  metal  pure  and  uniform 
as  steel — through  Bessemer — with  the  property  added,  through  the  pre- 
sence of  silicate,  that  it  shall  evolve  fibre  in  working,  and  shall  be,  in  fact, 
tougher  and  more  extensible  in  the  direction  of  its  now  arranged  and 
elongated,  instead  of  amorphously  aggregated  crystals?  We  believe  it  is, 
and  we  conceive  we  even  discern  the  general  outlines  of  the  way  in  which 
it  is  to  be  effected.  Nothing  but  experiments  made  on  a  working  scale, 
however,  can  determine  this.  At  present,  therefore,  we  shall  only  say, 
that  whoever  shall  succeed  first  in  conferring  a  fibrous  structure  upon 
Bessemer  steel  will  have  made  a  step  in  advance  only  second  to 
the  process  itself  of  Bessemer — one  that  will  enormously  add  to  the 
structural  value  and  safety  in  use,  of  the  material,  and  that  shall  confer 
upon  steel  precisely  that  property  of  toughness  and  extensibility  in  a 
given  direction,  which  is  needed  to  make  it  most  fitted  for  ordnance  or 
for  any  other  stress  acting  impulsively  upon  the  material. 

For  let  it  ever  be  remembered  that  a  material,  however  ultimately 
strong,  in  so  far  as  it  is  rigid  and  inextensible,  is  a  brittle  and  therefore 
an  unsafe  material,  whenever  exposed  to  steady  stress  at  all  approaching 
the  limits  of  rupture,  or  to  an  impulse,  however  small,  with  a  high  velocity 
of  impact. 

Much,  indeed,  in  this  and  in  many  other  directions  remains  to  reward 
the  careful  experimenter,  who  with  adequate  physical  and  chemical 
knowledge  shall  have  at  his  command  the  appliances  on  a  manufacturing 
scale  and  the  capital,  without  which  such  experiments  can  make  but 
little  progress.  Much  also  remains  for  the  pure  metallurgic  chemist  to 
devise  or  to  suggest  or  to  try. 

While  it  seems  admitted  that  the  sulphur  and  silicon  of  almost  any 
pig  iron  can  be  removed  by  the  Bessemer  conversion,  the  phosphorus, 
when  it  exists,  seems  to  bid  it  defiance,  so  much  so,  that  more  than  about 
O'l  of  phosphorus,  when  present,  appears  to  be  highly  injurious  if  not 
fatal  to  the  result,  and  as  yet  no  method  of  eliminating  it  has  been 
found.  The  phosphorus,  when  present,  always  exists  as  phosphide  of 
iron,  or  of  other  metals  present.  Highly  marked  and  energetic  as  are 
the  reactions  of  phosphorus  with  the  different  metals  and  metalloids,  it 
is  scarcely  possible  that  a  really  logical  train  of  experiments  should 
not  discover  the  means,  either  by  the  admixture  of  something  with  the 
cast  iron,  during  its  fusion,  or  after  its  introduction  to  the  converting 
vessel,  or  by  the  introduction  with  or  before  or  after  the  air  blast,  of  some 
gaseous  reagent,  for  the  application  of  which  the  apparatus  presents  such 
facilities,  as  should  carry  off,  either  in  a  gaseous  state  or  eliminate  as 
a  solid  compound,  this  small  but  unfortunate  homoeopathic  dose  of 
phosphorus. 

It  is,  in  truth,  a  reproach  to  the  metallurgist,  as  a  man  of  chemical 
science,  that  even  now  the  part  that  manganese  plays  in  steel  making 
is  so  imperfectly  understood — rather  is  not  understood  at  all.  It  is  a 
material,  we  may  say,  indispensable  to  every  steel  making  process, 
whether  as  Spiegel  eisen,  or  in  the  form  of  Henderson's  Glasgow  pig  iron 
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containing  25  to  30  per  cent,  of  manganese,  or  in  that  of  various  other 
pig  irons  rich  in  manganese,  it  is  indispensable  to  the  Bessemer  process. 
Yet  we  go  on  using  it  like  so  many  Chinese  -as  pure  empirics- 
knowing  the  final  fact,  but  knowing  nothing  of  its  relations  to  the  pre- 
ceding ones  as  cause  and  effect. — Ed. 


FRANCE  AND  ENGLAND— THEIR  RELATIVE  INDUSTRIAL 

PROGRESS. 

No.  II. 

Tiie  roads  or  highways  of  France,  both  main  and  cross  roads,  had,  like 
almost  every  other  public  interest,  been  abandoned  to  ceaseless  wear 
without  reparation,  for  years  during  the  throes  of  the  great  Revolution. 
The  great  communications  between  the  military  centres  of  the  countiy 
and  with  such  parts  of  the  frontiers  as  it  was  necessary  to  be  able  to 
move  large  bodies  of  troops  and  materiel  upon,  had  been  pretty  well 
restored  ere  the  first  four  years  of  the  vigorous  rule  of  Napoleon  the 
Great  as  consul,  &c,  had  passed ;  but  the  cross  roads,  which  were 
mainly  required  by  the  agriculturist,  &c,  were  in  utter  ruin — dusty  and 
rutted  during  the  hot  season,  in  winter  mere  sunk  trenches  with 
a  slough  at  bottom.  Arterial  drainage,  much  in  the  same  state  as 
the  roads,  was  so  neglected  that  these  cross  roads  were  often  for  days, 
and  in  many  places,  flooded  deeply  and  impassable.  This  state  of 
things,  as  regarded  the  cross  roads,  presented  but  little  trace  of  serious 
improvement  during  the  whole  period  of  almost  incessant  warfare  con- 
stituting the  reign  of  Napoleon  I.  Indeed,  it  is  curious  now  to  note 
the  fact,  that  the  final  downfall  of  the  emperor  in  1813,  after  the  first 
invasion  of  France  by  the  Russian,  Prussian,  and  Austrian  allies,  was 
not  indeed  caused,  for  it  was  inevitable  no  matter  what  had  been  the 
state  of  his  communications,  but  was  accelerated  by  the  very  fact,  which 
he  himself  records,  that  after  he  had  taken  the  daring  and  hazardous 
resolution  of  throwing  himself  and  the  remnants  of  his  army  into  the 
rear  of  the  allies,  then  advancing  upon  Paris,  in  the  hope  by  a  succes- 
sion of  flank  movements  and  engagements  to  beat  them  in  detail,  the 
great  general  found  himself  incapable  of  moving  his  troops  and  effecting 
his  combinations  with  sufficient  celerity,  owing  to  the  wretched  con- 
dition or  the  absence  of  cross  roads,  upon  which  alone  he  could  move. 

This  fact  ought  to  be  a  lesson  to  ourselves  in  reference  to  the 
eventualities  of  continental  armies  invading  our  island.  Our  own 
cross  roads,  as  farm  or  as  post  roads,  are  generally  now  in  very  toler- 
able, often  superficially  in  excellent  order.  But  nevertheless  so  thin 
is  the  crust  of  road  metal  upon  a  large  proportion  of  them,  so  bad  the 
road  material,  and  over  many  of  our  southern  and  eastern  shires 
especially,  so  wet  and  spongy  for  a  large  part  of  the  year  is  the 
subsoil,  that  a  continuous  march  of  troops  with  baggage  and  artillery 
for  only  twenty-four  hours  over  a  largo  proportion  of  our  English  cross 
roads  would  render  them  utterly  impassable. 

The  old  French  high  road,  or  chausse'e,  was  in  its  construction,  no 
doubt,  borrowed  from  Gallo-Roman  models.  It  consisted  of  the  broad 
strips  of  land,  usually  from  70  to  100  feet  wide,  ditched  off  on  both 
sides,  and  with  rows  of  poplars,  or  elms,  or  other  trees,  planted  along 
at  either  side ;  allowing  in  summer  a  shady  footway  of  some  12  feet 
or  so  in  width,  between  the  ditch  and  trunks  of  the  trees  along  the 
road.  For  a  part  of  the  year,  a  very  short  part  indeed  south  of  the 
latitude  of  Paris,  this  footway  was  on  natural  sward  and  weeds,  often 
coarse  and  rank,  and  miserable  to  walk  upon  after  a  shower;  but  it  had 
no  gravel,  nor  any  hard  surface  formed  on  it  except  by  pedestrian  feet, 
and  in  winter  was  a  mere  slough  in  most  places. 

In  the  centre  was  the  paved  chaussee  proper,  usually  about  20  or  22 
feet  in  width,  from  edge  to  edge  of  the  pavement,  which  consisted  of 
large,  almost  cubical,  blocks,  each  from  10  to  14  or  even  occasionally 
1G  inches  on  the  side.  These  were  laid  directly  on  the  natural  soil, 
in  straight  courses  across  the  road,  and  with  the  cross  joints  of  each 
course  breaking  joint  with  those  adjoining  it. 

The  stone  chosen  was  generally  hard,  and  quite  as  good  as  the 
immediate  locality  afforded ;  for  the  means  of  transport  were  too  small 
and  dear  to  admit,  as  now,  of  road  material  being  sought  for  with 
scrupulous  choice,  and  brought  often  miles  to  the  site  for  use.  But 
over  a  very  large  area,  indeed,  of  France,  in  as  much  as  over  a  great 
preponderance  of  its  total  area,  tertiary  and  late  transition,  or  even 
newer,  rocks,  and  nearly  all  of  soft  qualities,  prevail,  so  most  commonly 
these  huge  paving  blocks  were  soft  and  got  rapidly  worn  upon  the  upper 


face  into  a  rounded  ellipsoidal  sort  of  form,  the  upshot  of  which  was  that 
the  chaussee  was  little  better  than  a  sort  of  corduroy  road  of  stone 
blocks,  over  which  every  slow  moving  wheeled  carriage  jolted  with  a 
succession  of  thumps,  while  the  diligence,  or  the  post  carriage,  or  tho 
malle  poste,  thundered  over  the  rutted  and  rigid  face  with  a  noise  and 
with  a  hammering  replication,  that  those  who  had  once  made  a  long 
journey  over  it  by  such  conveyances  never  again  forgot. 

This  it  was  that  necessitated  the  ponderous  construction  of  the  old 
French  diligence,  as  well  as  of  every  cart  or  even  private  carriage  that 
had  to  travel  on  such  roads.  Up  to  1830,  or  thereabouts,  English 
tour  makers  and  tour  writers  were  generally  as  facetious  as  they  were 
superficial  about  these  same  diligences,  and  great  was  often  the  con- 
tempt with  which  England  abroad,  contrasted  our  own  crack  coaches 
with  "  those  beastly  diligences  of  that  vain  and  unimprovable  fool, 
Monsieur,  who  can  never  improve  anything  bigger  than  a  lady's  fan 
or  a  coat." 

The  fact  was,  the  ancient  roads  were  the  slow  and  gradual  product 
of  time  and  of  insufficient  means,  in  a  nation  whose  treasure  and  whose 
labour  and  thoughts  had  for  ages  been  almost  constantly  diverted  from 
the  expenditure  and  the  arts,  of  peace  and  internal  improvement,  to  war- 
fare and  the  ambitious  aggrandisement  of  successive  despots.  The 
roads  were  there,  and  they  wisely  for  the  time  made  the  best  of  them, 
by  constructing  their  conveyances,  public  and  private,  in  a  way  suitable 
to  that  which  they  were  to  travel  upon. 

So  far  from  being  an  ill-contrived  or  unwieldy  machine  the  old 
French  diligence  de  la  messagerie  was  a  model  of  skilful  and  judicious 
construction.  Pulled  along  often  by  seven  small  but  wonderfully 
vigorous  stallions,  four  in  one  rank  and  three  in  the  other  as  leaders, 
and  ridden  by  one  postillion,  with  a  mass  of  luggage  on  the  top  and  in 
the  boots,  not  seldom  weighing  less  than  two  or  three  or  more  tons, 
and  with  perhaps  twenty-five  passengers  and  a  Conducteur,  it  was  only 
wonderful  how  the  wood  and  iron  held  together  in  a  transit  over  such 
roads  for  three  and  four  days  and  intervening  nights,  without  stoppage 
except  for  meals — as  was  the  fact  on  several  of  the  longer  routes. 
Nothing  less  heavily  timbered  and  iron  bound  could  have  stood  it; 
as  was  actually  proved  about  this  very  year  1830,  when  one  or  two 
English-built  mail  coaches  were  sent  over  and  started,  as  an  experi- 
ment, upon  one  of  the  northern  roads  to  Paris,  and  all  of  which  came 
to  grief,  and  broke  down,  again  and  again,  until  they  were  given  up 
as  hopeless. 

The  chaussee  had  to  be  given  up  first,  if  the  diligence  was  to  be 
transmuted  into  a  faster  and  lighter  conveyance.  This  was  fully  com- 
prehended by  the  administrative  engineers  of  the  Ponts  el  Chausse'es, 
when  in  Louis-Philippe's  time  the  first  determinate  effort  was  made  to 
improve  the  great  internal  means  of  conveyance  throughout  France ; 
and  they  logically  determined  to  begin  by  converting  the  paved 
chausse'es  into  well  laid  macadamized  roads.  That  which  was  begun 
then  has  been  since  steadily  carried  on,  especially  within  the  last  few 
years,  under  the  firm  and  able  rule  of  Napoleon  III.,  and  now  over  the 
length  and  breadth  of  France  the  paved  road  has  almost  disappeared, 
and  given  place  to  macadamized  highways  equal  to  any  in  Europe  in 
structure  and  in  surface. 

We  might  have  earlier  stated,  that  the  space  between  the  extreme 
edges  of  the  paved  chausse'e  proper,  and  the  ranges  of  trees,  where 
these  existed,  or  the  margin  of  the  way  where  the)'  did  not,  consisted  of 
nothing  but  a  surface  of  about  twenty  feet  wide  at  each  side  of  the  natural 
soil,  dusty  or  sloughy,  as  the  case  might  be.  On  to  this  every  con- 
veyance was  expected  or  obliged  to  turn  off  the  pavement  when  meet- 
ing or  passing  a  public  conveyance,  and  generally  the  wheel  that  first 
went  off  the  pavement  sunk  a  foot  or  more  into  the  soft  stuff,  wet  or 
dry,  aud  not  uufrequently  it  was  painful  to  see  the  struggles  of  the 
string  of  two  or  three  country  horses  as  they  tried  to  get  back  the 
laden  cart  on  to  the  pavement  again. 

It  will  be  readily  seen  that  to  convert  such  roads  into  good  mac- 
adamized ones  was  no  small  undertaking.  It  is  one  that  has  been 
most  ably  performed. 

The  usual  course  was  to  bring  the  formation  or  table  of  the  road 
itself  into  the  best  condition  that  nature  permitted  without  extraordinary 
outlay.  The  surface  was  removed  from  the  "  sand  road,"  as  it  was 
often  called,  at  each  side  the  paved  surface  and  employed  to  fill  hollows, 
as  well  as  the  dangerous  ditches  that  frequently  bordered  the  roads. 

The  total  width  of  carriageable  road  was  contracted  to  an  uniform 
gauge,  suited  to  the  traffic  of  the  district.     The  pavement  was  ripped 
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up,  and  the  blocks  broken  into  good  angular  road  metal,  and  spread 
over  the  entire  width  to  be  metalled,  with  the  addition  of  such  new 
material  as  was  necessary  to  give  a  sufficiently  deep  crust.  Where 
the  pavement  consisted  of  very  good  hard  stone  this  was  used  wdien 
broken  for  surfacing,  but  where  soft,  was  only  used  for  bottoming,  and 
new  material  of  good  quality  brought  on  for  the  surface.  Rickety 
timber  bridges,  and  fords  which  were  often  impassable  for  hours,  were 
replaced  by  well  constructed  stone  arched  bridges,  or  over  larger  streams, 
&c,  in  several  instances,  by  iron  structures  on  stone  piers.  Cutting 
down  of  hills  and  filling  hollows  was  but  very  little  practised,  and  for 
the  excellent  reason  that  while  such  operations  of  road-making  produce 
some  tangible  and  useful  effect  on  the  highways  of  our  own  little  island, 
wdiere  the  hills  and  valleys  are  almost  all  upon  a  diminutive  scale,  and 
wdiere  all  our  roads  made  for  the  last  seventy-five  years  have  been  laid 
out  upon  the  plan  of  going  round  the  large  elevations  upon  uniform 
gradients,  and  not  over  them  as  our  ancestors  always  did;  in  France,  on 
the  other  hand,  the  roads  were  almost  without  exception  run  in  the 
straightest  line  possible  from  town  to  town,  and  right  over  hill  and  dale, 
and  the  natural  features  of  that  country,  wherever  it  is  undulating,  are 
upon  so  large  a  scale  that  a  hill  cutting  or  valley  filling,  to  be  of  any 
service,  would  involve  an  amount  of  earthwork  and  often  rock-cutting 
quite  out  of  proportion  to  the  end,  indeed  impossible  to  be  accomplished. 

Where  France  is  naturally  hilly,  as  for  example  in  Normandy  and 
Brittany,  or  in  Auvergne,  the  roads  are  hilly  still,  and  with  frequently 
such  killing  hills  of  a  mile  or  even  two  miles  long  as  are  never  seen  in 
England,  but  in  structure  otherwise  they  are  admirable  and  admirably 
kept  up. 

The  personnel  by  which  they  are  administered  is  far  more  efficient 
and  works  a  vast  deal  better  than  our  system  of  County  surveyors  and 
road  wardens.  One  nowhere  sees  the  examples  of  unworkmanlike 
road  management  and  mending  that  may  be  seen  in  but  too  many  places 
in  England  and  Scotland,  and  still  more  in  Ireland,  wdiere  practically  there 
is  no  supervision  or  control  over  the  county  surveyors.  The  first  and 
most  important  duty  of  those  officers  in  Ireland  should  be,  in  reality, 
the  roadsof  their  own  counties,  but  it  is  about  the  least  that  engages  their 
careful  attention.  Many  of  the  Irish  county  surveyors  are  well  educated 
civil  engineers,  and  several  of  them  architects.  They  are  insufficiently 
paid  by  the  counties,  and  to  eke  out  their  incomes  they  are  permitted  to 
make  and  take  private  practice.  And  with  this  result,  that  while  the 
surveyor  ought  to  be  looking  after  his  highways  and  county  roads,  and 
seeing  to  it  that  his  contractors  do  their  work  as  they  ought,  he  is 
probably  in  London,  working  up  some  railway  or  other  project  of  his 
own,  or  he  is  designing  or  superintending  architectural  work  for  some 
of  the  landed  proprietors  of  his  own  or  a  neighbouring  county.  All 
these  relations  of  class,  too,  work  badly  for  the  public  good,  for  the 
architectural  clients  of  the  county  surveyor  are  generally  the  members 
of  the  Grand  Jury,  who  are  properly  his  masters,  and  supposed  to  see 
that  he  does  his  duty  well. 

It  is  a  well-known  fact  that,  in  one  county  in  the  north  of  Ireland, 
a  civil  engineer,  who  possessed  very  considerable  architectural  abilities, 
or  was  given  credit  for  such  at  least,  and  who  possessed  considerable 
personal  interest  and  influence  with  the  higher  officials  of  the  Board 
of  Public  Works  in  Ireland,  through  marriage,  was  permitted  while 
county  surveyor  to  maintain  a  staff  of  five  or  six  assistants  at  the 
expense  of  the  county  to  look  after  his  roads  and  other  legitimate 
public  business,  while  he  himself  was  almost  wholly  occupied  with 
private  practice  as  an  architect  and  engineer,  ultimately  retiring  from 
the  snrveyorship,  having  amassed  a  fortune.  It  is  equally  well  known 
that  another  northern  county  surveyor  was  the  leaseholder  of  one  of 
the  greatest  salmon  fisheries  in  the  north  of  Ireland,  which  he  fished 
and  managed  himself,  at  a  profit  of  some  thousands  a  year,  dying  a 
wealthy  man,  upon  a  nominal  salary  of  about  £G00  a  year.  With 
such  a  regime— and  though  less  abused  prohably  now,  it  still  exists  in 
Ireland — it  is  in  vain  to  expect  efficient  management  in  the  repair  of 
roads,  which  require  unceasing  looking  after. 

Loose  stones,  even  in  dry  weather,  are  rarely  seen  on  the  roads  of 
France ;  they  are  literally  the  rule  in  such  cases  in  Ireland,  where 
although  the  roads  generally  cannot  be  said  to  be  bad,  they  are  far 
from  being  kept  in  that  state  of  good  repair  that  the  generally  light 
traffic,  and  the  abundance  of  first-rate  road  material,  and  the  facilities 
given  by  nature  to  under  drainage,  both  facilitate  and  entitle  us  to  expect. 

To  return,  however,  from  this  little  digression,  in  comparing  the 
personnel  of  the  road  system  of  France  and  of  Great  Britain.     Over  a 


large  proportion  of  the  north  of  France,  and  especially  in  Normandy 
and  the  verdant  basin  of  the  Loire,  where  pasturage  is  highly  valued, 
the  side  ditches,  where  they  existed,  have  been  filled  up.  A  vallum  or 
hank,  from  4  to  6  feet  high,  fences  in  the  road  at  each  side,  and  the 
whole  of  the  surface  of  the  uselessly  wide  ancient  road,  at  either  side, 
not  necessary  for  full  traffic  has  been  levelled  and  laid  down  carefully 
in  permanent  grass. 

A  broad  stripe  of  grass  from  35  to  often  50  feet  in  width  for  miles 
in  length  has  been  thus  secured,  and  is  let  out  to  the  farmers  of  the 
commune  or  canton  for  pasture,  the  right  of  pedestrians  to  walk  over 
it  not  being  interfered  with. 

Analogous  to  this  thrifty  wisdom,  we  may  mention  a  bit  of  railway 
practice  which  has  now  become  common  on  the  lines  of  the  north 
and  west  of  France  with  obvious  good  results,  and  such  as  are  quite 
worthy  of  our  imitation.  Weeds  are  not  permitted  anywhere  to 
grow  and  go  to  seed  upon  roads  or  railways  in  France,  and  on  the 
latter  no  such  unseemly,  ill-dressed  off,  and  ill-soiled  slopes  and  banks, 
as  may  be  found  on  many  points  of  our  own  lines,  and  notably  so  on 
the  Irish  railways — surfaces  rank  with  weeds,  whose  seeds  are  blown 
broadcast  over  the  fields  by  the  wind  of  every  passing  train,  are  to  be 
seen.  But  the  surfaces  of  the  banks,  both  on  slopes  and  in  cuttings,  are 
now  very  generally  sown  with  lucerne,  in  drills  about  20  inches  or  24 
inches  apart,  and  which  generally  run  diagonally  with  a  gentle  sloping 
angle  of  drill  up  and  down  the  bank.  The  lucerne  is  put  in  by  the 
employes  of  the  railway  company,  and  the  crop  is  generally  rented  off, 
or  in  part  used  to  supply  the  company's  horses.  It  is  cut  often  four 
times  during  the  summer  season,  occasionally  five  times,  and  the 
return  upon  the  Norman  lines  is  said  to  be  very  satisfactory. 

But  this  use  of  lucerne  has  another  valuable  end,  as  well  as  direct 
money  profit.  The  roots  of  the  plant,  which  is  perennial,  penetrate 
deep  into  the  soil  of  the  slope,  and  into  the  subsoil  beneath.  They  are 
found  to  bind  together  the  soil  in  a  very  remarkable  degree,  and  to 
have  a  sensible  effect  in  diminishing  slips  in  wet  weather.  The  effect 
of  the  stems  of  the  plant  in  preventing  the  continual  washing  down  of 
soil  into  the  side  drains  is  also  very  apparent.  In  place  of  each  rain  riyule, 
more  especially  during  the  heavy  thunder  bursts  of  summer,  running 
straight  down  the  bank,  cutting  a  little  ravine  and  rolling  down  it  mud 
and  pebbles  into  the  side  drain,  the  rain  water  is  compelled  to  follow 
slowly  and  gently  the  diagonal  descending  lines  of  the  drills,  and  the 
water,  strained  of  its  mud  and  gravel  by  the  stems  and  roots  of  the 
lucerne  may  be  seen  running,  or  rather  dripping,  into  the  side  drains  no 
more  than  discoloured. 

The  effect  on  the  crop,  of  this  straining  out  of  silt  in  rain-time,  is  that 
of  a  continual  "  earthing  up  ;"  and  even  on  the  hottest  southern  expo- 
sure of  banks,  it  seldom  looks  yellow  or  sickly.  Before  the  crop  is  laid 
down,  the  slope  of  the  bank  is  worked  horizontally  into  narrow  terraces 
about  fifteen  inches  wide,  and  at  about  six  or  seven  feet  apart.  Upon 
these  little  terraces,  diagonally  across  which  the  drills  run,  the  mower 
who  cuts  the  crop  stands  firmly  and  securely,  either  above  him  or  below 
him,  and  so  from  terrace  to  terrace. 

Like  all  plants  of  the  leguminous  order,  or  approaching  to  the  vetches 
or  clovers,  lucerne  no  doubt  thrives  best  where  the  soil  is  rich  in  lime, 
and  especially  in  gypsum ;  and  there  can  be  no  doubt  but  that  the  dis- 
seminated presence  of  sulphate  of  lime  in  the  subsoil  of  the  north  of 
France  is  one  of  the  reasons  why  the  lucerne  of  the  railway  slopes  pre- 
sents so  luxuriant  an  appearance.  But  there  can  be  no  doubt  it  would 
do  well  with  us;  and  we  take  leave  to  commend  the  experiment  to  the 
directors  and  resident  engineers  of  many  of  our  own  lines,  upon  wdiich 
at  this  moment  there  are  thousands  of  acres  of  slopes  either  wholly 
unproductive,  or  producing  only  a  poor  miserable  grass,  that  comes  to  no 
good,  because  it  gets  so  dry  as  to  be  fired  by  coals  and  sparks  from  the 
engines,  and  burnt  continually,  while  lucerne  is  so  succulent  that  it 
will  not  burn,  or  which  produce  a  crop  of  pestiferous  weeds.  These 
last  may  be  seen  any  day  in  abundance  upon  several  of  the  lines  close 
out  of  London. 

The  lucerne  requires  to  be  dug  up  and  resown  about  every  fifth  year, 
having  by  that  time  yielded  perhaps  twenty  green  crops,  and  the  roots 
become  gnarled  and  exhausted.  It  has  been  discovered  very  recently 
that  the  fibre  of  the  roots  "  retted"  like  flax,  and  then  divided  in  the  rag 
engine,  constitute  a  first-rate  material  for  wdiite  paper  making.  The 
fibre  is  perfectly  white,  delicately  fine  and  silky,  and  almost  equal  to 
that  of  bleached  linen  rags.  This  hint  is  also  worthy  the  attention 
of  our  paper  makers,  who  are  always  short  of  rags. 
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Not  on!}'  in  the  original  formation  of  the  new  macadamized  roads  of 
France  was  the  heavy  roller  always  employed  to  consolidate  and  smooth 
the  surface  of  the  road  metalling,  but  it  is  constantly  employed  for  the 
like  ends  in  making  repairs.  The  "darning"  system  is  that  chiefly 
adopted ;  but  large  sheets  of  new  road  metal  are  laid  down,  and  at  the 
best  season  of  the  year — September  and  October — and  the  roller  at 
once  applied,  either  on  these,  or  on  the  "  darn  patches"  where  these  are 
frequent  or  close. 

The  roller  usually  employed  seems  to  be  about  a  metre  and  a  half 
in  diameter,  and  a  little  more  in  breadth,  and  weighs  probably  from 
four  to  five  tons.  It  is  generally  mounted  with  a  large  wooden  box  on 
top,  and  clear  of  the  roller ;  into  which  a  weight,  greater  or  less,  of 
stones  is  put  to  add  to  that  of  the  roller  while  in  use.  When  done 
with,  and  to  be  merely  transported  along  the  road  to  some  other  place, 
these  stones  are  thrown  out.  We  have  observed  watering  largely 
used  in  a  few  places,  on  new-made  material,  along  with  the  roller. 

The  valuable  use  of  the  roller  in  road-making,  which  is  scarcely 
sufficiently  appreciated  by  us  in  England,  has  been  so  fully  recognized 
in  Belgium  and  the  north-east  of  Fiance,  that  on  the  roads  of  the  former 
country  some  years  ago,  M.  Schattenmann,  an  engineer  of  roads,  tried 
a  road-roller  of  great  diameter  and  narrow  face,  and  weighing  no  less 
than  thirty  tons,  as  a  compressor.  It  was,  we  have  understood,  first  tried 
for  the  perfect  consolidation  of  certain  roads  in  the  neighbourhood  of 
Liege,  where  the  traffic  in  minerals  and  manufactured  iron,  &c,  is  very 
heavy.  We  have  not  learned  the  results  in  particular,  but  are  informed 
that  the  compression  and  solidification  of  the  road  was  highly  satisfac- 
tory. Whatever  may  have  been  the  expense — we  do  not  see  that  this 
need  necessarily  have  been  very  heavy  ;  and  certainly  now,  when  steam 
traction  engines  might  be  employed  for  such  rollers,  indeed,  when  the 
whole  steam  engine  and  apparatus,  both  for  giving  rolling  motion  and 
for  steering  such  a  huge  roller,  might  be  placed  within  the  cylinder  itself 
— we  see  no  reason  why  such  should  not  always  be  employed  for  road 
making  at  least,  if  not  for  mending.  We  offer  the  hint  to  Mr.  Bazal- 
gette  and  the  Board  of  Works,  with  a  view  to  the  future  road  surface 
of  the  Thames  Embankment,  which  we  trust  will  be  macadamized,  and 
not  paved. 

In  a  few  places  the  paved  chaussee  has  been  left  to  stand  upon  the 
new  made  roads,  after  having  been  relaid  with  smaller  blocks.  These 
are  places  where  the  bottom  is  dense  clay,  or  swampy,  and  where  the 
natural  conditions  rendered  perfect  bottom  drainage  difficult,  or  very 
expensive. 

On  many  of  the  roads,  as  well  as  in  many  of  the  new  streets  of  the 
cities  and  towns,  the  rectangular,  or  rather  parallelopipedal  form  of 
paving  block,  as  is  universally  the  case  with  us,  has  been  adopted ;  but 
there  is  a  wide-spread  tendency  to  adhere  to  the  old  cubical  Gallo-Roman 
type.  At  Cherbourg,  at  Rouen,  at  Havre,  the  cubic  block  is  common  on 
the  streets,  quays,  and  adjacent  roads,  and  almost  universal  upon  the 
troltoirs  or  footpaths.  Upon  the  latter,  the  cube  is  generally  from  five 
to  six  inches  on  the  edges,  and  the  blocks  are  laid  diagonally.  In  Nor- 
mandy a  hard  quartz  rock  is  used  for  the  paving  blocks,  obtained  from 
the  granitoid  or  sienitic  rocks  of  the  northern  and  north-western  arron- 
disements ;  it  generally  produces  one  smooth  face,  and  makes  an  excel- 
lent footway,  quite  free  from  slipperiness,  either  for  foot  passengers  or 
for  horses.  The  want  of  this  quality  is  the  terrible  evil  of  our  London 
pavement ;  and  can  never  be  otherwise  while  we  continue  to  use  a  stone 
rich  in  magnesia  and  alumina  for  our  paving  sets. 

Throughout  the  large  towns  and  cities  of  France,  improvements  in 
the  streets,  of  like  character  with  those  of  the  high  roads,  have  been 
simultaneously  carried  on.  Even  in  provincial  towns,  where  demoli- 
tions and  new  streets  have  not  yet  become  the  fashion,  the  main  street 
through  which  the  communication  must  lie  between  town  and  town  has 
been  improved  and  made  part  of  the  continuous  new  highway.  There 
are  exceptions  to  this,  but  these  are  generally  in  ancient  towns,  such  as 
Coutances  or  others,  which  are  situated  upon  a  nest  of  steep  hills,  and 
where  house  property  stands,  as  in  all  old  towns,  in  the  way  of  im- 
provement. 

In  the  improved  and  in  the  new  streets  everywhere,  the  old  pavement, 
which  sloped  without  an)'  footway  from  the  walls  of  the  houses  into  the 
middle  of  the  street,  along  which  ran  the  filthy  kennel  and  water  table, 
has  been  relaid ;  and  an  excellent  raised  footway,  with  granite  or  other 
hard  stone  curbing  blocks  at  the  outer  edges,  and  diagonally  paved  as 
described,  or  sometimes  flagged,  has  been  formed. 

Beneath  the  surface  in  several  of  the  great  cities,  as  at  Marseilles, 


Lyons,  Bordeaux,  Nantes,  Rouen,  Havre,  3.ni, par  excellence,  Paris,  the 
street  engineering  of  France  ought  to  be  a  model  for  ourselves.  To 
describe  the  well-arranged  sewers  and  subways,  and  all  the  methods 
and  adjuncts  by  which  breaking  up  the  streets  has  been  reduced  to  a 
minimum,  would  demand  a  separate  article.  Many  of  the  appliances 
and  contrivances  adopted  seem  to  be  scarcely  if  at  all  known  to  English 
civic  or  street  engineers ;  yet  some  are  of  great  originality  and  efficiency, 
and  quite  worthy  of  adoption.  Amongst  which,  we  may  notice  the  hollow 
or  partially  covered  water  channels  under  the  edge  of  the  footway  curb- 
ing employed  at  Marseilles. 

The  roads  of  France  once  thus  revolutionized,  the  time  was  come 
for  abolishing  the  heavy  ancient  diligence,  and  subslituting  a  new  public 
passenger  carriage,  at  once  fitted  to  the  social  wants  and  habits  estab- 
lished amongst  the  people,  and  capable  of  a  better  speed. 

This  has  been  done.  The  new  diligences,  now  no  longer  novelties, 
are  rather  odd  looking  vehicles ;  and  if  coaches  were  bred  like  horses, 
might  be  called  a  cross  between  the  old  diligence  and  an  English  stage- 
coach, but  showing  in  the  fore  quarters  a  little  of  the  ancient  family 
chariot  blood.  They  consist,  in  fact,  of  the  inte'rieur  behind,  which  is 
nearly  of  the  nature  of  an  omnibus  body,  and  holds  six,  or  even  eight 
sometimes;  of  the  middle  (in  large  diligences),  or  stage-coach  part, 
holding  six,  sometimes  only  four;  of  the  coupe,  which  is  the  post-chaise 
or  family  chariot  part  of  the  whole  ;  and  of  the  banquette,  or  comfort- 
able cushioned  and  aproned  seat  across  the  top  in  front,  over  the  coupe' ; 
and  in  front  of  which  is  the  driver's  seat,  for  postillions  are  a  thing  of 
the  past.  Beside  the  driver  generally,  but  sometimes  at  the  banquette, 
is  the  handle  of  the  mecanique,  or  brake,  which  can  be  screwed  up, 
either  by  the  driver  himself  or  by  the  conducteur,  against  the  rims  of 
the  two  hind  wheels,  so  as  to  act  as  a  drag  in  going  down  hill.  It  is 
an  ancient  contrivance,  carried  on  from  the  old  diligence,  and  is  most 
thoroughly  convenient  and  effective.  It  can  either  be  used  as  a  retarder, 
letting  the  wheels  still  rub  round  with  friction,  or  as  a  complete  drag, 
causing  the  wheels  to  skid,  according  to  the  slope  of  the  hill,  or  the 
position  of  the  coach  upon  it — for  the  last  part  is  always  trotted  down, 
to  bring  the  coach  up  the  next  hill,  on  the  principle  of  the  "  undulating 
railway"  of  old  celebrity.  The  brake  has  many  advantages  over  the 
chain  drag  in  use  with  us,  and  far  greater  power  of  retardation  or 
of  stoppage. 

Yet  in  the  face  of  its  obvious  advantages,  one  hears  our  countrymen 
in  France  often  remark  upon  "  the  clumsy  old  contrivance,"  &c,  and 
sees  that  they  too  often  fail  wholly  to  observe  how  admirably  and  con- 
veniently it  serves  its  purpose.  The  gift,  or  rather  the  educated  habit, 
of  good  and  correct  observation,  of  what  one  sees,  at  home  or  abroad,  is 
rare — much  rarer  than  flippant  or  humorous  remarks,  dependent  upon 
seeing  things  not  as  they  are,  but  with  bizarre  or  false  associations  or 
hasty  couclusions. 

The  ancient  postillions'  boots  of  the  ancient  diligence  were  a  case  in 
point.  How  many  tour-writers,  from  Sterne  downwards,  have  exag- 
geratedly described  and  ridiculed  them,  while  utterly  incapable  of  seeing 
that  they  had  a  use ;  and  that  the  tremendous  iron-bound  jack-boot  was 
neither  to  make  the  whip-cracking  postillion  look  big,  nor  to  uselessly 
load  the  ridden  horse,  but  was  the  armour  to  protect  the  poor  postil- 
lion's leg  from  being  broken,  should  the  horse  fall  with  him,  and  be 
dragged  or  roll  over  him,  as  was  often  the  case.  The  French  have 
now  found  out  that  four  stallions  at  least,  can  be  driven  from  the  box, 
and  have  wisely  let  the  postillion  pass  into  the  category  of  the  things 
that  were  ;  but  his  abolition  was  only  possible  after  the  roads  should 
have  been  macadamized,  and  the  lighter  coaches  thus  possible,  for 
whilst  five  to  seven  stallions  had  to  be  harnessed  together,  even  a 
crack  English  coachman  would  have  hesitated  to  take  "  the  ribbons." 

The  pace  of  the  new  French  diligences  or  stages  is  very  fair  :  seven 
to  eight  miles  English  per  hour — more  on  some  roads.  They  are 
strictly  stage-coaches,  separate  vehicles  still  carrying  the  mails  (where 
off  the  railways,  and  the  cross  distances  sufficient),  while  riding  and 
walking  posts  are  now  common ;  and  they  do  not  stint  you  in  luggage. 

The  coaches  are  not  highly  finished  looking  affairs,  by  no  means  like 
"  English  Pleasure  Carriages,"  or  such  as  the  clever  author  of  thaf 
work  would  look  at  complacently ;  but  they  are  admirably  well  put 
together — the  wood  tough,  sound,  and  well  grained,  and  the  iron  of  tht 
first-rate  makes  of  France.  An  accident,  or  breakdown,  or  an  upset, 
is  very  rare ;  and  in  fine  weather  there  is  no  pleasanter  travelling  thar 
on  the  banquette:  seldom  with  aught  but  intelligent  and  polite  com- 
panions; never  with  other  than  sober  ones.     Comfortably  cushioned 
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and  seated,  and  housed  if  rain  fall  or  the  sun  be  too  strong  by  apron 
and  leathern  hood,  and  cheered  by  the  continuous  merry  chink,  chink, 
chink  of  the  little  bells  on  the  horses'  necks,  we  pass  one  kilometre 
mark  after  another,  as  we  speed  between  one  ancient  city  and  another, 
with  the  minster  spires  always  as  our  next  goal  in  view;  along  the  smil- 
ing valley  of  the  silver  Loire,  or  wind  along  and  over  the  swelling 
wooded  hills  and  orcharded  vales  and  coombs  of  Normandy,  or  in  the 
south-west  track  the  course  of  the  great  Garonne,  with  our  western 
horizon  shut  in  by  the  distant  snow-clad  peaks  of  the  Pyrenees,  as  they 
rise  against  the  sky ;  or  further  south,  and  further  towards  the  rising 
sun,  we  traverse  the  valley  of  the  Rhone,  amidst  the  oft-recurring 
memorials  of  old  Roman  greatness  and  colonial  power,  and  surrounded 
by  all  the  wondrous  richness  of  product  of  that  glorious  climate  and 
teeming  soil.  In  all  it  is  la  belle  France,  filled  with  the  memorials, 
with  the  material  advantages  of  the  past — of  twelve  centuries  of  advanc- 
ing civilization  ;  with  the  tears  of  her  great  political  agony  and  deliver- 
ance wiped  away,  and  the  way  and  future  tolerably  clear  before  her,  to 
sustain  and  to  exalt  the  high  place  she  justly  holds  amongst  the  nations. 
Much  she  owes  to  her  present  great  ruler,  for  mainly  to  him  she  owes 
the  development  of  those  material  powers  and  resources,  without  which 
no  nation  can  be  happy,  powerful,  and  progressive,  although  it  is  pos- 
sible for  a  nation  to  have  these  developed,  and  yet  be  none  of  the  three. 
In  another  paper,  we  shall  make  some  remarks  upon  the  other  means 
of  internal  communication  in  France. 


ON  A  MEANS  OF  INCREASING  THE  RESISTANCE  TO 
RUPTURE  OF  HYDROSTATIC  CYLINDERS. 

By  St.  John  V.  Day,  C.E. 

Hitherto  it  has  been  generally  assumed  that  the  immediate  cause  of 
rupture  in  hydrostatic  cylinders  is  the  pressure  of  the  fluid  against 
their  internal  walls.  Primarily  this  is  the  fact,  but  by  careful  observa- 
tions upon  the  structure  of  cast  iron,  of  which  material  these  cylinders 
are  usually,  if  not  always,  made,  it  has  been  asserted,  that  although  the 
cause  of  rupture  has  its  origin  with  the  concentration  of  external  force 
within  the  cylinder  walls,  yet  there  is  reason,  as  will  hereafter  be  seen, 
to  believe  that,  carried  to  the  extent  it  is  usual  to  employ  in  practice, 
this  of  itself  is  not  sufficient  to  produce  complete  disruption  of  the 
mass. 

It  has  long  been  known  that  cast  iron,  when  cooled  in  large  masses 
(such  as  hydrostatic  cylinders,  guns,  &c),  has  always  its  portions 
towards  the  centre  of  a  densit}'  much  inferior  to  that  at  and  approach- 
ing to  its  outward  surface  ;  and  although  this  inferiority  may  be  much 
reduced  by  running  the  metal  into  the  mould,  and  allowing  it  to  cool 
under  the  pressure  of  a  static  head  of  fluid  metal,  as  proposed  and 
experimented  upon  by  Mr.  Mallet  in  1840,*  still  it  must  ever  remain 
an  impossibility  to  bring  up  the  tenacity  of  the  interior  portions  of  a 
heavy  cylinder  equivalent  to  those  further  from  its  centre.  The  laws 
of  cooling  themselves,  at  least,  render  it  impossible,  however  much  the 
ingenuity  of  mechanicians  may,  by  the  introduction  of  abnormal  circum- 
stances, modify  them  so  that  the  permanent  irregularities  of  stress  may 
be  diminished. 

This  acknowledged  deterioration  of  the  tensile  value  of  cast  iron 
under  the  conditions  above-mentioned  has  led  to  a  large  amount  of 
investigation,  both  theoretically  and  experimentally,  on  the  part  of  the 
ablest  mathematicians  and  mechanicians,  amongst  whom,  under  the  first 
head,  may  be  mentioned,  Barlow,  Lame,  Rankine,  and  Hart;  under  the 
second,  Mallet,  Longridge,  and  others.  By  the  first  named  of  the  class 
a  formula  has  been  proposed,  and  which  has  been  modified  by  the  others, 
tending  towards  an  accurate  expression  for  the  tenacity  of  any  given 
cylinder  of  cast  iron  ;  in  all  probability  that  of  Professor  Rankine 
approximates  most  closely  to  the  truth. f  Various  values  for  the  reduc- 
tion of  strength  in  large  castings  have  been  given  by  those  whom  we 
have  mentioned  under  the  second  head,  viz.,  Mr.  Longridge  stated, 
"he  felt  confident  that  in  a  mass  of  metal,  such  as  that  required  for  a 
68-pounder  gun,  the  loss  of  strength  would  be  at  least  fifty  per  cent."} 
The  same  author  further  on  remarks: — "When  that  was  combined 

*  Trans.  British  Association,  pp.  304  and  305;  Construction  of  Ordnance,  Arts. 
Uv\,  It.,  lvi.,  and  Ivii. 

f  Applied  Mechanics,  Art.  273. 
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with  the  loss  of  strength  due  to  a  homogeneous  cylinder,  it  easily 
explained  the  bursting  of  hydraulic  presses."* 

This  initial  drawback  to  the  employment  of  iron  in  thick  castings, 
has  induced .  engineers  at  different  periods  to  suggest,  and  in  many 
instances  adopt,  means  for  artificially  strengthening  them,  which,  in  the 
case  of  hydrostatic  cylinders  and  ordnance,  has  been  effected  in  some 
instances  by  shrinking  on  their  exterior,  tubes  or  hoops  of  malleable 
iron,  or  in  others  by  enveloping  them  in  a  series  of  coils  of  wire.  But 
whatever  the  objections  may  be  to  manufacturing  cylinders  in  this 
manner,  one  thing  is  certain,  that  for  hydrostatic  presses  it  has  but  in 
a  few  instances  been  resorted  to. 

Referring  again  to  Mr.  Longridge's  paper,  we  find  it  there  stated, 
in  reference  to  a  hydrostatic  press  cylinder  of  ten  inches  diameter, 
that  using  the  "  formula?  of  Lame,  afterwards  deduced  by  Dr.  Hart 
in  his  calculations  for  Mr.  Malbt,  and  by  Mr.  C.  H.  Brooks  for  the 
author,  also  arrived  at  by  Professor  Rankine  by  another  method,  the 
bursting  strength  would  be  3^  tons  per  square  inch."  f 

It  will  not  be  deuied  that  up  to  the  present  time  it  has  been  impos- 
sible to  obtain  ordinary  cast  iron  cylinders  of  large  size  to  resist  a  pres- 
sure of  three  or  four  tons  per  square  inch — the  aggregate  of  cylinders 
annually  ruptured  at  a  lower  pressure  fully  bear  out  this  conclusion. 

The  author's  attention  has  recently  been  drawn  to  the  consideration 
of  certain  observations  which  have  been  carried  on  for  some  time  b}' 
Messrs.  Weems,  engineers,  of  Johnstone,  near  Glasgow,  relative  to 
the  rupturing  action  of  water  as  it  obtains  ingress  to  the  intermole- 
cular  spaces  of  hydrostatic  cylinders.  It  is  held  by  these  gentlemen, 
that  the  entrance  of  the  water  into  the  substance  of  the  cylinder  is 
in  effect  equivalent  to  slicing  off  a  ring  of  the  metal  either  inside  or 
outside,  thereby  proportionately  reducing  its  resistance  to  internal  fluid 
pressure.  The  action  of  the  water  may  be  referred  to  an  annular  series 
of  wedges  inserted  into  every  possible  crevice  in  the  cylinder's  walls, 
and  driven  in  to  rend  the  cylinder,  so  that,  as  each  wedge  penetrates  the 
substance,  the  tenacity  of  the  substance  is  proportionately  reduced; 
similarly,  the  greater  the  pressure  the  consequently  greater  distance 
will  the  water  obtain  vent  into  the  cylinder's  substance,  when  rupture 
is  very  easily  brought  about,  the  extent  of  entrance  of  the  liquid  also 
depending,  under  any  given  pressure,  upon  some  function  of  the  density 
of  the  iron  as  the  exterior  surface  is  reached. 

Putting  x  to  represent  the  distance  that  the  water  would  enter  the 
cylinder's  substance  under  any  given  pressure,  d  the  density  of  the 
material,  and  p  the  function  of  increased  density  as  the  cylinder's 
exterior  limit  is  reached,  then — 

x     oc     <p  (d). 

It  is  a  fact,  that  under  moderate  pressures  water  always  does  find  its 
way  completely  through  so  porous  a  substance  as  cast-iron,  and  dis- 
tributes itself  over  the  surface,  at  first  in  the  form  of  very  fine  particles, 
which  by  and  by  aggregate,  and  may  be  seen  to  run  like  rain-drops,  in 
lines  extending  downwards.  Taking  it  then  for  granted  (as  the  firm 
before  referred  to  have  done)  that  this  interstitial  entrance  of  the  fluid 
diminishes  the  tenacity  of  the  material,  it  was  next  sought  to  obstruct 
the  passage  of  the  water,  and  from  the  results  that  have  been  and  are 
being  obtained,  a  doubt  cannot  remain  that  this  difficulty  has  been 
speedily  and  successfully  overcome,  and  that  ordinary  hydrostatic 
cylinders  may  thereby  be  rendered  considerably  stronger  within  their 
usual  working  limits.  The  remedy  for  this  evil  consists  in  placing  a 
very  thin  lining  of  a  material  having  great  density,  and  consequent  high 
impermeability,  between  the  liquid  and  the  cylinder — that  is,  a  thin 
cylinder  fitting  closely  to  the  bored  interior  of  the  ordinary  cj'linder. 
The  material  used  for  this  purpose  so  far  has  been  copper. 

We  now  have  to  show  whether  any  truth  existed  in  the  previous 
considerations  relative  to  the  supposed  injurious  influence  of  the  inter- 
molecular  entrance  of  liquid.  If  the  tested  cylinders  had  burst  at 
the  same  pressure  that  unlined  cylinders  had  previously  done,  it  is 
clear  that  the  expense  and  trouble  of  lining  would  have  been  worse 
than  useless;  but  this  is  not  the  case.  Hitherto  an  ordinary  hydrostatic 
cylinder,  unless  strengthened  externally,  having  a  ram  of  24  inches 
diameter,  could  not  be  relied  upon  at  a  pressure  much  above  two  tons 
per  square  inch — certainly  not  above  2-5  tons.  A  cylinder  of  this 
diameter,  bored  out  and  lined  as  we  have  previously  explained,  has 
been  for  a  long  time,  and  now  is,  working  at  a  constant  stress  of  3  5 
tons,  for  the  manufacture  of  metallic  pipes;  and  Messrs.  AVeems  believe 
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this  press  to  be  perfect]}'  safe  at  this  strain  for  any  reasonable  length 
of  time.  Until  the  introduction  of  the  copper  lining  they  found  it 
impossible  to  obtain  cylinders  sufficiently  strong  to  resist  the  pressure 
necessary  for  the  manufacture  of  metallic  pipes.  The  same  firm  have 
a  33-inch  cylinder,  also  used  in  the  manufacture  of  metallic  pipes,  and 
constructed  in  the  same  manner — but  we  do  not  know  what  they  con- 
sider to  be  the  safe  working  limit  in  this  instance.  That  the  theory 
here  broached  is  no  myth,  is  evident  from  the  number  of  presses  that 
are  being  constructed  on  the  system  in  and  around  Glasgow. 

The  view  set  forth  is  one  that  for  a  time  may  meet  with  opposition, 
and  it  ma}'  yet  receive  another  explanation,  having  reference  to  a 
chemical  rather  than  a  mechanical  cause — probably  the  exact  truth 
lies  in  a  combination  of  both.  It  is  generally  known  amongst  engineers, 
that  if  the  natural  surface  is  removed  from  a  piece  of  cast  iron,  and 
that  in  this  state  it  is  exposed  to  atmospheric  influences,  or  is  placed  so 
that  steam  or  mist  becomes  condensed  on  the  exposed  surface,  in  a 
short  time  oxidation  will  have  taken  place  to  some  distance  below  the 
surface,  and  the  tenacity  of  the  iron  becomes  diminished  in  a  ratio 
depending  upon  the  difference  of  strength  of  corresponding  sections  of 
unoxidated  and  oxidated  portions — in  a  given  specimen  the  tenacity 
will  vary  as  a  function  of  the  depth  to  which  the  oxygen  has  reached. 
It  is  almost  certain  that  after  a  withdrawal  of  interior  fluid  pressure, 
the  elasticity  of  the  cylinder  acting  on  the  intermolecularly  held  par- 
ticles of  water  causes  them,  or  a  great  portion  of  them,  to  be  extruded, 
and  thus  a  large  portion  of  the  space  they  occupied  is  left  partly  empty 
— at  which  time,  in  all  probability,  the  oxygen  attacks  the  tiny  pillars 
by  which  each  interstice  may  easily  be  conceived  to  be  surrounded. 
As  this  action  goes  on,  so  the  tenacity  of  the  cylinder  is  rapidly  reduced, 
and,  as  hitherto,  breakdown  after  breakdown  has  been  a  continual 
annoyance  and  endless  expense. 


THE  LONDON  ASSOCIATION    OF  FOREMEN    ENGINEERS. 

The  members  of  this  Society  met  at  their  rooms  in  Doctors'  Commons, 
City,  on  the  night  of  Saturday,  the  7th  ult.,  Mr.  Newton,  president, 
occupying  the  chair.  After  the  routine  business  had  been  transacted, 
the  chairman  announced  that  he  had  communicated  with  the  whole  of 
the  donors  to  the  Superannuation  Fund  of  the  Association,  and  that 
with  the  exception  of  Messrs.  H.  Maudsley,  H.  Grissell,  and  W.  Smith, 
all  those  gentlemen  had  replied  to  him.  He  then  proceeded  to  read  a 
copy  of  the  letters  addressed  to  the  donors  and  the  answers,  numbering 
twelve,  which  he  had  received  from  them.  These  latter  were  all  to 
the  same  purport,  and  expressed  approval  of  the  decision  of  the  Society 
to  employ  the  money  contributed  in  the  way  originally  proposed,  namely, 
for  the  partial  maintenance  of  aged,  infirm,  and  necessitous  members. 
This  announcement  afforded  evident  satisfaction  to  all  present,  as  well 
it  might,  for  it  involved  the  final  adjustment  of  a  vexed  question,  and 
thus  left  the  Society  free  for  the  pursuit  of  its  scientific  and  philanthropic 
objects. 

Mr.  James  Robertson,  at  the  request  of  the  chairman,  next  proceeded 
to  read  his  promised  paper  on  the  "  Birth  and  Growth  of  the  Iron 
Trade."  The  author,  after  some  introductory  remarks,  went  on  to  say 
that  manifold  were  the  uses  to  which  iron  was  applied;  the  ploughshare 
and  the  sword,  the  graceful  needle  and  the  ponderous  anchor,  the 
medicine  of  the  physician  administered  to  cure,  and  the  deadly  cannon 
ball  intended  to  kill,  owed  alike  their  origin  to  this  metal.  It  had  now 
become  an  important  element  in  female  costume,  and  many  hundreds 
of  tons  of  crinoline  were  annually  manufactured.  In  Berlin,  iron  was 
converted  into  trinkets,  the  price  of  some  of  which  reached  the  astounding 
sum  of  £2,700  per  cwt.  .  .  .  The  earliest  writers  on  iron  wei'e 
Diodorus  Siculus  and  Pliny  the  elder.  Diodorus  had  spoken  of  Elba, 
where  the  inhabitants  dug  ironstone  from  the  ground;  and  the  work- 
men first  cut  the  stones  in  pieces,  and  then  melted  them  in  furnaces. 
The  implements  made  of  this  iron  were  conveyed  by  merchants  to 
various  parts  of  the  world.  Pliny  gave  a  tolerable  account  of  iron,  and 
mentioned  also  steel,  and  the  steel  drinking  cups  dedicated  to  the 
Temple  of  Mars.  He  also  testified  to  the  wide  diffusion  of  ironstone, 
and  the  tempering  of  iron  by  immersion.  The  Turks,  before  becoming 
a  nation,  were  employed  in  the  manufacture  of  arms  in  Asia,  though 
their  operations  were  performed  in  a  primitive  and  rude  manner,  which 
the  author  fully  described.     The  intercourse  between  the  people  of 


Cornwall  and  the  Phoenicians,  the  Gauls  and  the  ancient  Britons,  were 
also  spoken  of  at  some  length. 

When  the  Emperor  Adrian  came  into  Britain  (a.d.  120)  he  estab- 
lished a  great  military  forge  or  arsenal  at  Bath,  for  the  construction  of 
arms  and  munitions  of  war,  and  whence  they  were  distributed  to  the 
various  Roman  stations  throughout  the  kingdom.  The  establishment 
was  in  fact  a  college  of  armourers,  and  bore  very  much  the  same  rela- 
tion to  the  Roman  army  that  the  artillery  corps  do  to  the  armies  of 
Europe  in  the  present  day.  The  iron  used  was  brought  from  the  Forest 
of  Dean,  and  the  hills  of  Monmouthshire.  The  Romans  continued  to 
work  the  mines  for  350  years — about  the  term  of  their  stay  in  Britain. 

The  Saxon  invasion  paralyzed  the  iron  trade,  and  little  further  men- 
tion was  made  of  it  in  history  until  the  twelfth  century.  No  precise 
date  could  be  fixed  for  the  introduction  of  casting  in  iron.  .  .  .  In 
1G19  Edward  Lord  Dudley's  invention  of  making  iron  with  pit  coal  was 
making  progress,  but  his  discovery  was  retarded  in  its  development  by 
the  political  troubles  of  the  time.  From  parliamentary  reports,  how- 
ever, it  appeared  that  300  furnaces  then  existed.  Lord  Dudley's  works 
were  finally  destroyed  by  a  mob,  and  for  a  century  following  the  iron 
trade  languished.  In  1740  the  furnaces  at  work  were  only  fifty-nine, 
and  the  total  production  for  that  year  was  17,000  tons. 

The  demand  for  the  metal,  nevertheless,  was  daily  increasing ; 
improvements  in  machinery  were  being  made,  the  cumbrous  bellows 
worked  by  oxen  were  discarded  for  the  blast  engine,  and  the  first  blast 
cylinder  of  any  magnitude  was  used  at  the  Carron  Works,  just  over 
one  hundred  years  ago.  The  "make"  of  iron,  thenceforth,  rapidly 
increased,  and  by  the  beginning  of  the  present  century  it  equalled 
250,000  tons  annually.  The  inventions  of  Mr.  Cort  gave  a  wondrous 
impetus  to  the  iron  trade,  and  the  author,  in  describing  them,  spoke 
feelingly  of  the  injustice  and  the  ingratitude  with  which  the  inventor 
was  treated.  He  also  recounted  the  well-known  story  of  Foley  the 
fiddler,  in  relation  to  the  splitting  mills  of  Sweden,  and  the  introduction 
of  similar  mills  into  Stourbridge.  Another  vast  stride  in  the  develop- 
ment of  the  trade  was  due  to  the  invention  of  the  hot  blast,  by  Mr.  J. 
B.  Neilson,  C.E.,  of  Glasgow,  thirty  years  since,  and  the  peculiarities 
of  this  system,  well-known  to  our  readers,  were  lucidly  explained  by 
Mr.  Robertson.  .  .  .  Sweden  and  Norway  had  long  been  celebrated 
for  their  iron  mines.  The  actual  cause  of  the  superiority  of  Swedish 
iron  had  never  been  accurately  ascertained,  although  it  was  attributed 
by  various  authorities  to  various  causes,  as,  for  example,  the  manner  of 
working,  the  presence  of  manganese,  and  with,  as  he  thought,  more 
probability,  the  original  superiority  of  the  mines.  At  all  events,  large 
quantities  were  annually  exported  from  that  country  for  conversion 
into  steel.  In  Belgium  the  iron  trade  was  thriving,  and  well  it  might, 
when  in  one  engineering  establishment  at  Seraing,  near  Liege,  7000 
hands  were  at  present  constantly  employed.  He  prophesied  a  great 
future  for  Belgium,  if  her  rich  iron  mines  were  only  worked  with  groat 
skill  and  intelligence.  To  use  a  double  Hibernianism,  Ireland  was  the 
only  part  of  England  which,  as  regarded  the  iron  trade,  had  advanced 
backwards.  In  1692  a  thousand  tons  of  iron  were  made  in  Ireland,  now, 
with  one  or  two  exceptions,  its  manufacture  has  altogether  ceased.  How 
different  was  it  with  England !  The  number  of  operatives  engaged  at 
this  moment  in  the  manufacture  of  iron,  including  the  kindred  operations 
of  quarrying  and  extracting  the  minerals,  was  250,000.  In  giving 
motion  to  the  machinery  requisite  for  the  production  of  iron  there  were 
steam  engines  of  the  aggregate  power  of  250,000  horses,  equal,  therefore, 
to  one  million  of  men  ;  so  that  altogether  we  had  a  force  in  the  country 
devoted  to  the  manufacture  of  iron  equivalent  to  that  of  1,250,000  men, 
entirely  exclusive  of  the  manual  labour  employed  in  engineering  works. 
Our  exports  of  iron,  machinery,  and  cutlery  had  reached,  in  declared 
annual  value  at  the  Customs,  £5,100,000,  while  our  imports  amounted 
only  to  £35,000,  mainly  from  Sweden. 

The  reader  of  the  paper  here  reverted  to  the  close  of  the  last  century, 
and  spoke  of  the  impetus  which  the  iron  trade  received  from  the  war- 
like aspect  of  that  time,  "  when  the  note  of  preparation  sounded  with 
unceasing  clamour — the  anvil  was  never  vacant,  the  hammer  never 
idle — when  tempting  contracts  were  out,  the  artisan  was  in  great 
request — when  Birmingham  was  extremely  brisk,  and  when  '  Brown 
Bess'  had  many  suitors." 

Glancing  next  at  the  career  of  Arkwrigkt,  and  at  the  wondrous 
effects  of  his  inventions,  giving  a  brief  account  of  the  various  iron 
bridges,  referring  at  length  to  the  120  canals  which  exist  in  England 
and  Ireland,  and  entering  largely  into  the  history  and  growth  of  our 
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colonies,  the  reader  approached  the  great  organ  of  civilization,  the 
steam  engine — "  that  wondrous  machine  which  had  done  so  much  for 
our  manufactures — which  multiplied  almost  indefinitely  the  means  of 
communicating  knowledge — which  had  aided  and  advanced  literature 
and  art — and  which  contributed  so  vastly  to  the  material  comfort  of 
mankind/'  The  story  of  Watt's  life,  eloquently  told,  followed,  and  the 
author  concluded  his  paper  with  what  may  be  termed  a  vision  of  the 
future  of  the  iron  trade : — "  When  Alexander  of  Macedon  (he  said) 
had  conquered  the  East,  and  subdued  what  was  then  considered  the 
whole  world,  he  sat  down  and  wept  that  there  was  not  another 
world  to  conquer,  while  all  the  time  America  lay  undreamt  of  and 
unknown.  When  Canute,  seated  by  the  waters  of  the  Solent,  rebuked 
the  waves  and  bade  them  retire,  he  knew  that  they  obeyed  no  kingly 
voice  save  that  which  '  calls  the  tempest  forth  and  stills  the  stormy 
wave ' — and  the  king  rebuked  his  flatterers,  teaching  them  the  lesson 
that  the  laws  of  nature  are  immutable — that  the  tide  of  advancement 
cannot  be  stayed,  and  will  not  be  bridled  by  an  impotent  community. 
So  will  the  engineer  progress  in  spite  of  every  obstacle,  resistless  as  the 
ocean's  tide,  and  new  discoveries  will  reward  his  bold  endeavour,  till, 
every  obstacle  subdued — every  difficulty  overcome — he,  too,  may  wish 
there  was  something  more  to  conquer." 

Mr.  Robertson  having  resumed  his  seat,  and  eleven  o'clock  having 
arrived,  the  president,  in  a  few  laudator}'  words,  proposed  a  vote  of 
thanks  to  that  gentleman,  and  which  was  unanimously  carried.  Finally, 
it  was  announced  that  tbe  same  gentleman  would,  at  the  November 
Meeting,  read  a  second  paper,  bearing  on  the  subject  of  Iron,  and 
having  reference  mainly  to  the  Marine  Engine,  the  Locomotive,  and 
the  Armour  plated  Ship. 


PUMP  FOR  RAISING  WATER  FROM  ANY  DEPTH.* 

The  raising  of  water  from  great  depths  is  a  problem  difficult  of  solution  if 
the  water  is  to  be  elevated  in  a  single  jet.  In  very  deep  mines,  such 
as  coal  mines,  for  example,  where  a  depth  is  sometimes  attained  of  from 
600  to  1800  feet,  the  usual  practice  is  to  raise  the  water  in  stages;  but 
this  entails  a  considerable  amount  of  complication.  Mons.  F.  Prud- 
'homme,  of  Paris,  has  recently  invented  a  pumping  machine  which  raises 
the  water  in  a  single  jet,  without  the  intervention  of  separate  stations, 
and  which  admits  of  the  motive  power  being  applied  at  any  distance 
from  the  shaft.  This  apparatus  consists  of  two  parts  only;  the  one, 
which  is  situate  near  the  bottom  of  the  shaft,  or  about  9  or  12  feet 
above  the  water,  is  the  actual  water  elevating  apparatus,  and  the  other, 
which  is  situate  outside,  but  as  near  as  possible  to  the  mouth  of  the 
shaft,  although  there  is  nevertheless  no  limit  to  the  distance,  is  a  force 
pump,  which  is  placed  by  the  side  of  the  motor.  These  two  apparatus, 
namety,  the  actual  water  elevator  and  the  force  pump,  are  in  com- 
munication with  each  other  by  means  of  two  pipes,  which  serve  for  the 
eleTation  of  the  water  and  the  transmission  of  the  power.  The  eleva- 
tor consists  of  a  well-bored  cylinder  of  cast  iron  or  copper,  closed  at 
its  two  extremities  by  metal  covers.  It  is  divided  into  two  separate 
and  distinct  parts  by  a  solid  transverse  partition  or  central  diaphragm, 
against  which  the  reaction  of  the  water  exerts  itself.  Within  this 
cylinder  there  are  two  solid  pistons  of  equal  diameters,  fixed  upon  one 
common  rod,  working  through  a  stuffing  box  in  the  centre  of  the  dia- 
phragm. Suitably  disposed  valves  admit  the  water  from  the  wells  into 
the  elevator,  whilst  other  valves  enable  it  to  be  expelled  therefrom — the 
water  being  alternately  drawn  and  forced  by  the  action  of  the  pistons. 
The  reciprocating  movement  of  the  pistons  of  the  elevating  cylinder  is 
derived  from  the  force  pump,  although  it  may  be  situate  several  hun- 
dreds of  yards  from  the  elevator.  The  force  pump  consists  of  a  solid 
piston,  working  in  a  cylinder  or  pump  body,  for  the  purpose  of  forcing 
the  water  therefrom,  and  it  may  be  made  either  single  or  double  acting, 
and  placed  either  horizontally  or  vertically,  as  preferred. 

The  accompanying  engraving  represents  a  vertical  section  of  one 
form  of  M.  Prud'homme's  force  pump  and  elevator.  This  latter  is 
placed  say  12  feet  above  the  water  level  in  the  well.  The  suction 
pipes,  H  h',  descend  to  the  bottom  of  the  well,  and  are  perforated  at 
their  lower  ends,  as  shown,  to  prevent  foreign  matter  from  entering  the 
pipes.  A  is  a  well-bored  cylinder,  closed  at  its  longitudinal  centre  by 
a  diaphragm,  a,  the  centre  of  which  is  provided  with  a  stuffing  box,  af, 
through  which  works  the  rod,  b,  of  the  two  pistons,  B  b'.     The  ends  of 
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these  cylinders  communicate  with  the  valve  boxes,  c  c',  which  contain 
the  suction  valves,  d  d,  and  the  outlet  valves,  d'  d'.  The  openings, 
E  e',  permit  of  the  inlet  and  outlet  of  water  to  and  from  the  cylinders. 
The  pistons,  B  b',  are  packed  with  cup  leathers,  or  with  metallic  spring 
packing  rings.  The  pipes,  F  p',  which  may  either  be  of  cast  or  wrought 
metal,  and  which  should  be  put  together  with  perfectly  tight  joints, 
connect  the  elevator  with  the  force  pump.  They  may  rise  vertically 
up  the  shaft,  and  may  then  be  carried  away  horizontally  any  distance 
to  the  force  pump,  with  which  they  communicate.  Near  to  this  pump 
the  two  pipes  are  connected  together  by  the  valve  boxes,  L  L,',  contain- 
ing the  twin  valves,  ff.  The  body  of  the  force  pump  must  be  well 
bored,  and  closed  at  each  end  by  a  cover  provided  with  a  stuffing  box, 
m,,  through  which  works  the  rod,  p,  of  the  piston,  P,  packed  in  any  suit- 
able manner,  and  receiving  a  reciprocating  motion  from  any  prime 
mover. 

The  general  action  of  the  apparatus  is  as  follows : — Supposing  the 


piston,  P,  to  occupy  the  position  shown  in  the  engraving,  and  moving 
from  right  to  left,  and  the  whole  apparatus  to  be  filled  with  water  from 
top  to  bottom,  and  the  pistons,  B  b',  and  valves  in  their  several 
positions  indicated,  the  pressure  of  the  piston,  p,  being  exerted  upon 
the  water,  will  effect  the  closing  of  the  valves,  /d',  and  the  piston,  b', 
being  forced  from  left  to  right,  will  carry  with  it  the  piston,  B  ;  the 
water  contained  in  the  cylinder  or  chamber,  a',  between  the  end  cover 
and  the  piston,  b',  will  consequently  be  forced  into  the  valve  box,  c', 
where  it  will  force  open  the  valve,  d',  and  enter  the  pipe,  f'.  The  water 
in  the  end,  A,  of  the  cylinder  contained  between  the  piston,  B,  and  the 
diaphragm,  a,  will  also  be  forced  into  the  pipe,  f',  through  the  opening 
at  E.  The  water  will  rise  in  this  pipe  up  to  the  valve  box,  i/,  and  as 
the  valve,  /',  is  open,  a  part  of  the  water  will  enter  the  box,  G,  and 
finally  flow  away  by  the  pipe,  a'.  Another  portion  of  the  water  enters 
and  fills  the  pump  body,  M,  as  fast  as  the  piston,  p,  travels  from  right 
to  left.     In  the   meantime,   the  water  foijpcd  out  by  the  piston,  r, 
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fills  the  space  between  the  diaphragm,  a,  and  the  piston,  b',  and  a 
vacuum  is  formed  between  the  piston,  B,  and  the  end  of  the  cylinder,  A, 
consequently  the  suction  valve,  D,  rises,  and  the  water  from  the  well 
fills  the  valve  box,  c,  and  cylinder,  A.  The  piston,  p,  having  arrived 
at  the  end  of  its  stroke  from  right  to  left,  pauses  for  an  instant,  during 
which  time  the  valves,  d  and  d\  close  again,  and  so  soon  as  it  returns 
from  left  to  right  it  forces  the  water  down  the  pipe,  f',  thereby  closing  the 
valve,/",  and  opening  the  twin  valve,  /.  The  valves,  d'  and  d,  now 
open,  and  the  operation  is  repeated  through  the  pipe,  F* 

In  this  apparatus  it  will  be  seen  that  there  are  three  equal-sized  pis- 
tons, the  first  of  which  transmits  to  the  two  others  the  movement  which 
it  receives  directly  from  the  motive  power  engine,  by  the  intervention 
of  the  column  of  water  contained  in  each  of  the  vertical  pipes,  whatever 
may  be  the  distance  between  the  force  pump  and  the  elevator. 


THE  WATER  SUPPLY  OF  LARGE  TOWNS- HAWICK.     ■ 

The  following  communication  has  been  received  by  us  direct  from  its 
author,  Mr.  John  Newton,  engineer  of  the  Royal  Mint. 

The  subject  of  good  and  cheap  water  supply  to  towns  is  never  devoid 
of  engineering  interest,  and  never  less  so  than  at  present. — Ed. 

We  have  watched  with  considerable  interest  the  efforts  which  have  been  made 
during  the  last  few  years  in  many  of  the  large  towns  of  the  United  Kingdom  to 
obtain  for  their  inhabitants  a  copious  supply  of  good  water,  and  it  has  been  our 
pleasant  duty,  not  unfrequently,  to  record  the.  complete  success  of  those  efforts.  It 
is,  fortunately,  no  longer  necessary  to  urge  the  vital  importance  of  cleanliness,  for 
the  stern  practical  lessons  of  nature,  illustrated  and  enforced,  as  they  constantly  are, 
by  the  teachings  of  science,  have  produced  their  due  effect,  and  all  are  aware  that 
filth  and  disease  are  closely  allied.  Hence  it  is  that  we  hear  far  more  of  improve- 
ments in  ventilation,  in  drainage  systems,  and  in  water  supplies  for  cities,  towns, 
and  villages,  than  we  did  a  quarter  of  a  century  ago,  and  hence  the  proceedings  of 
corporations  and  town  councils  are  largely  interspersed  with  sanitary  discussions  and 
debates  on  social  science.  Unhappily,  there  are  instances  in  which  vested  interests 
or  prejudices  impede  the  progress  of  physical  reformation,  but  these  are  becoming 
more  and  more  rare,  and  the  time  seems  to  us  to  be  near  at  hand  when  considera- 
tions for  the  enhancement  of  the  public  good  will  override  all  obstacles,  and  take  the 
prominent  place  they  should  occupy,  in  our  national  and  local  councils. 

It  is  not  very  long  since  that  Hawick  possessed  the  unenviable  reputation  of  being 
one  of  the  most  unsavoury  of  the  border  towns  of  Scotland.  Situated  pleasantly  at 
the  confluence  of  the  rivers  Teviot  and  Slitrig,  both  tributaries  of  the  Tweed,  and 
midway  between  the  cities  of  Carlisle  and  Edinburgh,  it  had  great  natural  advan- 
tages. Until  very  recently,  however,  these  latter  were  not  turned  to  very  profitable 
account.  It  was  in  dry  weather  almost  destitute  of  water,  which,  next  to  air,  may 
be  said  to  be  the  first  necessity  of  ljfe  and  health;  the  supply  sometimes  having 
fallen  so  low  as  not  to  average  more  it  ban  one  and  a  half  gallons  per  head  per  diem. 
The  source  whence  this  fearfully  inadequate  stream  was  obtained  was  the  Town 
Moor,  on  the  high  grounds  south-west  of  the  burgh.  The  reservoir  then  in  existence 
would  only  store  30,000  gallons,  the  main  service-pipe  from  it  not  being  more  than 
three  inches  in  diameter.  It  is  easy  to  understand  that  underlie  most  favourable 
circumstances — during  a  wet  season — it  was  physically  impossible  to  furnish  with 
such  an  arrangement  sufficient  water  for  household  purposes,  whilst  the  effective 
flushing  of  sewers  and  drains  was  wholly  out  of  the  question.  Those  of  the  inhabi- 
tants who  were  fortunate  enough  to  be  able  to  bear  the  expense  of  such  operations 
supplemented  the  defective  town  supply  by  sinking  wells,  and  drawing  a  fluid  which 
could  scarcely  be  called  water,  by  the  aid  of  pumps,  from  land  springs.  In  the  summer 
season,  when,  of  course,  the  maximum  quantity  of  water  was  required,  the  minimum 
quantity  only  was  obtainable,  and  to  the  poorer  classes  the  inconvenience  resulting 
became  intolerable,  fever  and  minor  diseases  being  rife  among  them.  Meantime  the 
manufactures  and  the  inhabitants  of  Hawick,  in  spite  of  these  serious  evils,  increased 
rapidly.  The  spinning  of  yarn,  for  which  the  place  has  been  noted  for  more  than  a 
century,  was  gradually  extending  itself,  whilst  woollen  manufacture  generally 
engrossed  the  attention  of  the  great  bulk  of  the  population.  In  proof  of  this,  it 
may  be  well  here  to  state  that  in  1838  the  capital  employed  in  these  branches  of 
industry  was  about  £100,000,  the  workmen's  wages  being  £48,000  annually,  and 
the  number  of  operatives  employed  1700,  the  population  in  all  amounting  to  5300. 
At  the  present  moment  the  inhabitants  of  Hawick  are  computed  to  number  12,000; 
the  capital  invested  in  woollen  manufacture  is  not  less  than  half  a  million  sterling, 
apart  from  that  sunk  in  the  erection  of  factories ;  the  profits  on  woollen  goods  alone 
equals  half  a  million  a  year;  the  operatives  engaged  average  3000,  and  the  wages  they 
receive  equal  £70,000  per  annum.  These  statistics,  while  they  indicated  the  pros- 
perity ef  the  burgh — a  prosperity  much  enhanced  by  the. introduction  of  the  railway 
—  also  demonstrated  painfully  enough  the  miserable  inefficiency  of  the  water  supply, 
and  rendered  it  imperative  on  the  part  of  the  town  authorities  to  take  steps  for 
increasing  it.  Much  time  was  devoted  during  the  years  18C3  and  1864  to  a  con- 
sideration of  the  readiest,  most  efficient,  and  most  economical  mode  of  effecting  this 
desirable  object. 

The  question  was  one  which  brooked  no  delay,  and  several  eminent  engineers  were 
summoned  to  the  assistance  of  the  Town  Council.  Foremost  among  the  scientific 
gentlemen  engaged  to  survey  the  neighbourhood,  and  to  report  upon  the'facilities  it 
offered  for  yielding  an  increased  water  supply,  were  Mr.  Gideon  Scott  (late  of  the 
Messrs,  R<  nnie's,  London)  and  Mr.  Gale,  C.E. 

They  both  reported  favourably  on  schemes  for  drawing  increased  supplies  from 
the  nld  source,  the  Town  Moor,  bv  the  application  of  steam-power,  &c.  Neither  of 
their  propositions  was  entertained  there  was,  indeed,  a  financial  rock  ahead,  which 


required  to  be  smitten  before  more  water  could  be  got  to  flow  from  this  or  any  other 
fountain-head.  The  Town  Council  had  no  power,  it  was  discovered,  to  levy  such 
rates  as  would  pay  the  interest  of  money  required  to  carry  out  an  efficient  plan. 
The  Commissioners  of  Police  were  equally  helpless,  and  could  render  no  assistance 
in  the  difficult  case.  At  length  it  was  determined  to  go  to  Parliament  for  a  special 
Act  for  amalgamating  Town  Councillors  and  Police  Commissioners  in  one  body,  and 
investing  it  with  the  power  of  levying  such  rates  as  would  enable  them  to  borrow 
money  for  the  general  purposes  of  water  supply,  drainage,  and  such  other  sanitary 
arrangements  as  might  be  agreed  upon.  The  Act  was  obtained  during  the  session 
of  1864,  and  the  newly-created  council  lost  no  time  in  exercising  its  authority. 
Various  plans  were  introduced,  discussed,  and  abandoned,  but  they  need  not  be 
further  referred  to  here.  The  well-known  engineer  of  the  Glasgow  Water-Works, 
Mr.  Bateman,  was  for  a  time  officially  engaged. in  a  survey  of  the  rivers  and  burns 
in  the  district,  and  he  also  propounded. a  scheme,  destined  to  prove  abortive  on  the 
ground  of  its  costliness.  Finally,  Mr.  James  Leslie,  engineer  to  the  Edinburgh 
Water  Company,  was  charged  with  the  mission  of  solving  the  problem.  This 
gentleman,  after  some  hesitation,  gave  an  opinion  favourable  to  the  realization  of 
a  suggestion — made  originally  by  Councillor  Harkness — for  drawing  a  supply  from 
the  poetical  stream  known  as  Allan  Water.  A  very  general  concurrence  of  public 
feeling  militated  strongly  in  favour  of  the  Allan  scheme.  This  river,  which  flows 
into  the  Teviot  a  little  way  above  Branksome,  the  scene  of  the  "Lay  of  the  Last 
Minstrel,"  is  little  affected  by  periods  of  drought;  and  though  its  water  is  not  quite 
equal  for  drinking  purposes  to  that  which  has  been  hitherto  in  use,  it  is  soft  and 
wholesome,  and,  therefore,  admirably  adapted  for  domestic  and  manufacturing 
purposes. 

A  further  inquiry  was  accordingly  ordered  to  be  instituted,  and  this  by  the  only 
unanimous  vote  on  "the  water  question  which  had  ever  been  given  in  the  Town 
Council  of  Hawick.  The  result  was  of  so  satisfactory  a  nature  that  the  bill, 
embodying  Mr.  Leslie's  scheme,  passed  its  several  stages  without  opposition.  Speci- 
fications were  drawn  up,  contracts  taken,  and  in  December  of  last  year  the  work  was 
fairly  commenced.  A  weir  was  thrown  across  the  Allan,  about  one  and  a  half  mile 
above  its  point  of  confluence  with  the  Teviot.  On  the  upper  side  of  the  weir  a 
large  square  well  or  pit  of  masonry  has  been  formed.  Into  this  well  the  water  is 
conducted  by  means  of  a  12-inch  iron  pipe,  supplied  with  a  sluice-valve,  which  may 
be  opened  or  shut  at  pleasure,  so  as  to  prevent  the  water,  when  muddy,  from  running 
into  the  reservoir.  The  water  which  passes  through  the  sluice  is  discharged  into  a 
well  nine  feet  deep,  and  close  to  the  reservoir.  From  this  well  there  is  a  pipe  to  the 
reservoir;  another  of  ten  inches  diameter,  going  direct  to  the  town ;  and  a  third  at 
the  bottom,  leading  back  to  the  Allan,  to  be  used  when  the  well  requires  cleansing. 
The  reservoir  averages  about  ten  feet  in  depth,  and  is  capable  of  containing  nearly 
2,500,000  gallons;  it  is  formed  by  an  embankment  on  two  sides  of  its  circumference, 
the  natural  hill  an  the  other  side  being  excavated  to  some' extent.  The  greatest 
depth  of  the  embankment  is  thirty  feet;  it  is  formed  in  the  usual  way — with  a 
puddle  dyke  in  the  centre,  protected  by  a  clay  embankment,  pitched  or  .paved  on 
the  top  and  on  the  inner  slope  next  the  water.  The  sluices  leading  from  the  reser- 
voir are  guarded  by  fine  wire-cloth,  and  if  this  be  not  sufficient  to  insure  purity — 
which  is  questionable — filtering  beds  will  have  also  to  be  constructed.  The  total 
length  of  piping  is  8469  yards,  of  which  7953  yards  are  of  vitrified  clay,  made  by 
Wilson  &  Son,  of  Dunfermline,  and  916  yards  of  iron,  including  two  inverted  syphons 
over  ravines.  New  piping  has  been  laid  down  in  all  the  principal  streets  of  the  town; 
and  the  abundance  of  the  water  supply  has  enabled  the  Town  Council  to  plant  fire- 
plugs at  intervals  of  seventy  yards.  The  pressure  will  be  sufficiently  great  to  make 
them  very  useful  incase  of  fire.  The  fall  from  the  Allan  is-1  in '10*00,  and  the 
distributing  reservoir  is  120  feet  above  the  level  of  the,  High  Street.  The  iron  pipes 
are  laid  through  plantations  principally.  In  an  engineering  sense,  the  works  were 
not  difficult,  though  hard  rock  was  encountered  in  certain  places,  and  especially  in 
the  neighbourhood  of  the  in-take  sluices.  In  the  construction  of  the  reservoir  some 
trouble  was  experienced  in  obtaining  a  foundation  for  the  puddle  trench,  a  layer  of 
quicksand,  fifteen  and  a  half  feet  in  thickness,  having  to  be  cut  through.  The 
pipe-track  is  five  and  a  half  miles  in  length,  and  this  part  of  the  contract  was  exe- 
cuted by  Messrs.  Paterson  &  Thorbuin,  at  a  cost  of  £2000,  the  total  expense  of  the 
whole  arrangement  being  £7000.  A  water-gauge  has  been  placed  in -the  Police 
Office  of  the  town,  and  this  shows  with  great  accuracy  the  extent  of  the  supply  at 
all  times.  That  supply  will  be  undoubtedly  ample,  not. only  for  the  wants  of  the 
present,  but  for  those  of  a  largely  increased  population;  and  it  is  pretty  generally 
admitted  that  the  best  means  of  supplying  the  town  have  been  adopted.  Taking 
the  number  of  inhabitants  to  be  12,000,  each  individual  will  be  furnished  with 
thirty-six  gallons  of  water  per  day,  a  sufficiently  liberal  allowance. 

The  duke  of  Buccleuch,  who  may  be  said  to  be  the  owner  of  the  whole  .district 
surrounding  Hawick,  and  through  whose  property  the  pipes  have  almost  exclusively 
been  laid,  has  acted  with  extreme  liberality  in  the  matter,  and  thus  entitled  himself 
to  be  regarded  as  a  public  benefactor.  His  Grace  formally  inaugurated  the  new 
water-works  on  the  22nd  ultimo,  and  henceforth  the  reproach  and  the  nuisance  of  a 
defective  water  supply  will  be  unknown  in  the  border  town,  in  question.  We  can 
only  wish  that  in  these  days  of  cholera  and  of  fever  every  other  town  in  the  kingdom 
may  follow  the  example  of  Hawick,  and  arm  itself  with  one  of  nature's  best  anti- 
dotes to  disease — abundance  of  water.  It  would  be  unjust  to  conclude  this  notice 
without  a  word  of  commendation  to  Mr.  Leslie,  his  inspector,  Mr.  Fcnwick,  and  the 
staff  of  officials  and  workmen  employed  under  their  supervision.  The  work  >was 
executed  with  great  rapidity,  and  without  accident. 


MECHANIC'S     LIBRARY. 


Astronomy  without  Mathematics.    Denison. 

Botany,  Elements  of  Modern.    10th  edition.    Foolscap  Svo.Us.  6d.,  cloth. 

Chemistry,  Modern,  Introduction  to.     Hoffman.     Post  8vo,  4s.  6d.,  cloth. 

Man,  Primitive.     Wilson.    2nd  edition.    Svo,  21s.,  cloth. 

Sea-weeds,  Common.    Clark.    Foolscap  8vo,  2s.,  cloth,  gilt  edges. 

Shells,  Common.    Wood.    Foolscap  8vo,  2s.,  cloth,  giP. 


ibex  1.  1666. 


THE   PRACTICAL   MECHANIC'S   JOURNAL. 


-   5 


RECENT       PATENTS, 


ROLLING  METALS. 

August  Beciieji,  of  Russia,  Hermann  Wedekind,  London.—  Patent 
dated  November  8,  1864. 

This  invention  relates  more  particularly  to  the  rolling  of  long  lengths 
of  metal  suitable  for  telegraph  wires,  or  for  the  rolling  of  wire  for  other 
purposes,  and  consists  of  a  peculiar  arrangement  or  mode  of  combining 
a  number  of  sets  of  rolls,  whereby  the  metal  may,  by  passing  and  repassing 
from  one  set  of  rolls  to  another  continuously,  be  reduced  at  one  heat  to 
the  dimensions  required,  and  formed  to  any  desired  section.  The 
original  billet  from  w^hich  the  wire  is  to  be  rolled  is  thicker  and  heavier 
than  has  hitherto  been  found  practicable,  as  a  given  length  of  metal  is 
subjected  to  a  greater  number  of  rollings  or  reductions  in  a  given  period 
of  time  by  this  method  than  by  the  ordinary  system.  In  rolling  a  -^ 
of  an  inch  telegraph  wire,  for  example,  from  a  two  inch  square  billet, 
the  billet  having  been  heated  to  the  proper  temperature  is  passed  and 
repassed  through  a  set  of  three  rolls,  entering  between  the  rolls  1  and 
2,  then  returning  between  rolls  2  and  3,  and  finally  repassing  through 


another  groove  between  the  rolls  1  and  2  again.  The  metal  has 
by  this  time  been  sufficiently  reduced  for  introduction  into  the  series 
of  sets  of  rolls  which  are  intended  for  its  complete  reduction.  The 
first  set  of  the  series  consists  of  three  rolls  geared  together  and 
placed  one  over  the  other,  and  the  metal  is  caused  to  pass  to  and 
fro  between  them  about  four  times,  each  time  passing  through  a 
smaller  groove.  After  leaving  the  first  set  of  the  series,  the  wire  is 
guided  by  the  attendant  to  a  second  set  of  rolls,  such  set  consisting 
of  two  rolls,  the  shafts  of  which  correspond  to  the  two  lower  rolls 
of  the  first  set.  The  wire,  after  passing  once  through  the  second  set  of 
rolls,  is  guided  to  the  third  set,  between  which  it  returns,  and  after  being 
guid«d  again,  it  re-enters  and  passes  through  the  second  set  again,  when 
it  is  guided  to  the  third  set,  through  which  it  returns  a  second  time.  In 
this  way  the  wire  is  guided  continuously  from  one  set  to  another,  passing 
twice  through  each  set,  and  being  reduced  at  each  passage  till  it  arrives 
at  the  last  two  sets,  through  which  it  may  only  pass  once  before  it  is 
received  on  the  drum.  It  is  obvious  that  any  number  of  sets  of  rolls 
may  be  used  according  to  the  size  of  the  wire.  In  order  to  guide  the 
wire  accurately  to  its  proper  grooves  between  the  several  rolls,  it  is 
proposed  to  employ  stationary  trumpet  mouth  guides,  which  are  fitted 
opposite  to  their  respective  grooves  in  the  rolls.      The  receiving  dram 


Fig.  1. 


is  rotated  by  machinery  in  lieu  of  by  hand,  and  its  speed  is  controlled 
and  regulated  by  friction  wheels  or  other  suitable  and  well-known 
mechanical  contrivance  for  the  purpose.  A  friction  break  is  also 
applied  thereto  for  stopping  the  drum  at  any  moment.  Facility  is 
afforded  by  this  system  of  rolling  for  operating  upon  several  lengths 
of  metal  at  the  same  time  by  one  and  the  same  set  of  rolls,  whereby  a 
considerable  economy  of  time  is  effected,  and  the  metal  need  not 
remain  so  long  in  the  furnace  as  heretofore,  as  the  rolling  can  be 
carried  on  as  quickly  as  the  metal  can  be  brought  from  the  furnace. 

Fig.  1  of  the  engravings  represents  an  elevation  of  the  main  rolling 
train,  employed  in  rolling  long  lengths  of  wire.  Fig.  2  is  a  corre- 
sponding plan  of  the  same,  showing  also  the  preparatory  or  roughing 
train  of  rolls  not  seen  in  fig.  1,  and  illustrating  also  the  course  of  the 
wire  in  passing  through  the  entire  series  of  rolls  from  the  roughing  train 
to  the  receiving  dram,  on  which  the  wire  is  wound  as  fast  as  it  is  rolled. 
A  B  (tig.  2),  represents  in  plan  the  roughing  train  of  rolls  for  preparing 
or  rolling  down  the  metal  billets  before  the  wire  or  rod  passes  on  to  the 
main  rolling  or  reducing  train,  CD.  A  steam  engine  of  about  80  horse- 
power, makiDg  say  100  revolutions  per  minute,  transmits  its  power  .direct 


by  means  of  a  crank  to  a  fly-wheel  shaft,  and  thence  to  the  train  of 
roughing  rolls  by  a  clutch  and  coupling-bos.     From  this  shaft,  the 
power  is  transmitted  by  means  of  large  toothed  gearing,  or  by  a  driving 
belt,  as  shown,  to  the  pulley,  N,  on  the  second  motion  shaft,  which 
drives  the  main  train  of  rolls,  C  D.      The  train  of  roughing  rolls  con- 
sists of  two  upright  supports  or  standards,  on  which  are  mounted  three 
rolls  of  about  10  inches  diameter,  having  flat  grooves  cut  in  them.    The 
centre  roll  is  driven  direct  from  the  fly-wheel  shaft,  and  the  two  other 
rolls,  situate  respectively  above  and  below  the  central  roll,  are  driven 
therefrom  by  broad  toothed  pinions  or  rollers,  H,  gearing  into  each  other,  and  keyed  on 
to  the  ends  of  the  axes  of  the  three  rollers.      The  main  object  in 
not  driving  these  rolls  at  a  speed  greater  than  about  100  revolutions 
per  minute  is  to  avoid  any  sudden  and  undue  stretching  therein  of 
the  billets,  which  are  brought  from  the  furnace   in  a   welding  heat, 
it  being  simply  requisite  only  to  press  the  metal  sufficiently  to  insure 
a  perfect  weld.      The  main  train  of  rolls  consists  of  about  seven  rolling 
frames,  although  a  greater  or  less  number  may  be  employed  according 
to  circumstances,  and  a  frame,  F,  containing  a  set  of  three  geared  or 
toothed  rolls,  which  serve  to  connect  the  three  main  shafts  of  the  several 
sets  of  rolls.      The  rolls  of  the  main  train  need  not  be  more  than  about 
8  inches  diameter,  and  are  driven  at  a  speed  of  about  400  revolutions 
per  minute.      The  centre  one  of  the  geared  rolls  is  coupled  to  the 
second  motion  shaft,  by  means  of  a  coupling-box,  K,  and  sliding  clutch, 
M,  and  transmits  its  power  direct  to  the  centre  rolls  of  the  entire  train, 
the  top  and  bottom  geared  rolls  transmitting  their  motion  to  the  top 
and  bottom  rolls  of  the  series.      The  several  coupling  or  connecting 
shafts,  o1  o2  o3  and  p1  P2,  are  made  of  wrought  iron  or  steel,  in  order  to 
reduce  the  weight  of  the  whole  train  as  much  as  possible,  and  are  made 
small  enough   to  allow  of  the  requisite  amount  of  torsion  or  spring 
therein.     These  coupling  shafts  pass  freely  through  the  intervening 


236 


THE   PRACTICAL  MECHANIC'S  JOURNAL. 


November  1,  1865. 


frames  without  working  in  bearings,  and  are  connected  to  the  rolls  by  a 
coupling-box  at  each  extremity.  In  the  rolling  frame,  Q,  of  the  main 
train,  three  rolls  are  mounted  horizontally  one  above  another,  and  are 
provided  with  square  or  diamond-shaped  grooves.  The  frame,  it,  and 
each  of  the  five  following  frames,  lettered  S,  T,  u,  V,  w,  contain  only 
two  rolls.  The  grooves  in  frame,  R,  are  oval,  those  in  frame,  s,  square 
or  diamond-shaped  ;  the  grooves  in  frame,  T,  are  oval ;  small  diamond- 
shaped  grooves  are  made  in  the  rolls  of  frame,  u ;  in  frame,  v,  the 
grooves  are  small  oval ;  and  frame,  w,  is  provided  with  a  finishing 
groove  of  the  exact  required  section  of  the  wire.  The  rolls  in  frames, 
T,  U,  v,  and  w,  need  only  be  provided  with  one  groove,  but  the  other 
rolls  may  contain  two  or  more  grooves,  h'  is  the  receiving  drum  upon 
which  is  wound  the  wire  as  fast  as  it  leaves  the  finishing  rolls.  This 
drum  is  carried  by  a  shaft,  d,  mounted  in  bearings  in  a  suitable  standard, 
and  having  keyed  thereon  the  friction  disc,  c.  This  disc  is  rotated  by 
frictional  contact  by  a  driving  disc,  b,  keyed  on  to  the  shaft,  a,  which  is 
driven  by  a  strap  and  driving  pulleys,  or  by  gearing.  The  bearings  of 
the  shaft,  d,  are  capable  of  sliding  by  the  action  of  a  lever  handle,  e,  or 
other  well-known  contrivance,  so  as  to  bring  the  disc,  c,  in  or  out  of 
contact  with  the  periphery  of  the  driving  disc,  b.  When  in  contact 
the  drum  will  be  rotated,  and  the  winding  up  of  the  wire  will  take  place ; 
but  on  moving  the  disc,  c,  out  of  contact  with  disc,  b,  and  bringing  it  in 
contact  with  a  fixed  break  block,/,  the  drum 'will  be  stopped  instan- 
taneously, in  order  to  allow  the  wire  to  be  taken  off.  Upright  guide 
bars,  z  z,  are  situate  on  opposite  sides  of  the  rolls  in  the  main  train, 
for  the  purpose  of  indicating  the  positions  in  which  the  attendants  may 
with  safety  place  themselves,  so  as  not  to  be  injured  by  contact  with 
the  wire. 


IMPROVEMENTS   IN   REAPING   MACHINES. 

D.  H.  Barber,  Cambridge,  U.S.A. — Patent  dated  February  1 1, 1865. 

This  invention  relates  to  certain  improvements  in  the  machinery  or  appa- 
ratus for  reaping  and  mowing,  for  which  letters  patent  were  granted  to 
the  same  inventor  on  or  about  the  22nd  of  March,  1864  (No.  726),  and 
consists  in  the  addition  to  such  machinery  of  a  side  platform,  having  a 
serrated  slotted  plate  secured  to  the  outer  edge  thereof,  for  the  purpose 
of  carrying  the  adjustable  short  axle  of  a  supporting  wheel.  The  axle 
itself  is  hollow,  and  has  formed  upon  one  end  thereof  a  serrated  plate, 
the  teeth  of  which  fit  into  the  serrations  of  the  fixed  slotted  plate.  The 
wheel  revolves  freely  on  this  axle,  which  is  retained  in  its  place  by  a 
bolt  passed  through  the  axle  and  through  the  slot  in  the  fixed  plate. 
The  axle  is  free  to  be  adjusted  to  any  height  along  the  slotted  plate, 
and  may  be  fixed  at  any  desired  height  by  simply  tightening  the  nut  of 
the  bolt,  which  causes  the  teeth  or  serrations  in  the  axle  to  engage  with 
those  in  the  slotted  plate.  By  this  means  a  ready  adjustment  of  the 
height  of  the  outer  side  of  the  platform  is  obtained,  so  as  to  cause  it  to 
correspond  with  the  height  of  the  heel  of  the  cutter  bar.  A  lug  is 
attached  to  the  near  side  of  the  platform,  directly  in  the  rear  of  one  of 
the  main  driving  wheels,  and  a  corresponding  lug  or  bracket  is  attached 
to  the  outer  or  left  hand  rear  corner  of  the  main  framing  of  the  machine. 
Between  these  two  lugs  is  extended  a  brace  bar,  which  braces  the  plat- 
form to  the  main  framing,  the  bar  being  free  to  play  on  pin  joints  at 
each  end  in  the  respective  lugs.  In  order  to  raise  or  lower  the  platform 
at  pleasure,  a  chain  is  connected  to  the  brace  bar,  any  one  of  the  links 
of  such  chain  being  engaged  with  a  forked  grapple  book  or  catch,  bolted 
to  the  rear  end  of  the  main  framing.  This  grapple  hook  or  catch  is 
also  provided  with  a  stud  or  pin,  which  serves  as  an  attachment  or 
fastening  for  a  tie  bar  connected  to  a  vertical  arm  or  standard,  which 
carries  two  tension  pulleys  for  tightening  the  driving  band  of  the  reel. 
A  number  of  holes  are  made  in  the  tie  bar,  so  that  the  arm  may  be 
drawn  back  more  or  less,  and  greater  or  less  tension  applied  to  the 
driving  band,  by  engaging  the  stud  into  one  or  other  of  the  holes  in  the 
tie  bar.  The  vertical  arm  or  standard  may  be  made  to  work  upon  the 
main  axle  as  a  fulcrum.  The  reel  of  the  machine  is  adjustable  in  height, 
and  is  carried  by  a  shaft  which  is  supported  in  bearings  near  one  end 
only,  the  other  portion,  which  carries  the  reel  arms,  being  made  to  over- 
hang the  bearings.  The  reel  bearings,  of  which  there  are  two,  form 
part  of  a  movable  bracket  piece,  which  is  capable  of  vertical  adjust- 
ment along  a  standard  fixed  in  a  socket,  iron,  and  may  be  fixed  at  any 
desired  height  thereon,  by  means  of  a  cam  or  eccentric  lever  forming 
part  of  the  adjustable  bearing  bracket.     The  socket-iron  is  secured  to 


an  arched  brace,  which  is  bolted  to  the  top  of  the  main  shoe,  and 
which  is  steadied  and  supported  by  a  short  lateral  brace.  This  socket- 
iron  may  be  adjusted  to  any  desired  angle,  by  causing  it  to  turn  upon  a 
pin  or  pivot  at  its  lower  end,  and  fixing  it  in  any  position,  by  means  of 
a  bolt  passing  transversely  through  it  near  its  upper  end,  and  through 
one  or  other  of  a  series  of  holes  made  in  the  fixed  arched  brace.  In 
order  to  prevent  the  reel  from  coming  in  contact  with  the  horses  when 
at  work,  it  is  proposed  to  lengthen  the  pole  by  splicing  the  same,  which 
may  be  accomplished  by  means  of  a  second  pole,  a  pin,  and  a  metal  band 
or  strap  piece,  the  pin  passing  through  both  poles  and  through  the  metal 


Fig.  1. 
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band  or  strap  piece.  Two  seats  are  fitted  side  by  side  on  the  main 
framing,  the  one  serving  to  accommodate  the  driver,  and  the  other 
the  attendant  in  charge  of  the  working  of  the  machine;  and  these 
seats  are  arranged  so  as  to  balance  the  fore  and  hind  parts  of  the 
machine,  as  well  as  the  weight  of  the  side  platform.  In  order  to  pre- 
vent grass  or  corn  from  clogging  up  the  driving  gear  inside  the  main 
driving  wheel,  it  is  proposed  to  apply  a  shield  plate  or  cover  to  the  side 
of  such  wheel  nearest  the  platform.  The  adjustable  reel  and  ten- 
sion pulleys  for  the  driving  band  of  the  same,  and  the  parts  connected 
therewith,  as  well  as  the  shield  plate  or  cover  on  the  side  of  the  main 
driving  wheel,  are  all  applicable  to  mowing  machines  as  well  as  reapers. 


Fig.  3. 


Fig.  1  of  the  engravings  represents  a  vertical  section  of  the  platform 
supporting  wheel  and  its  serrated  standard.  Fig.  2  is  a  sectional  plan 
of  the  same,  corresponding  to  fig.  1.  Fig.  3  represents  an  enlarged 
inside  elevation,  looking  from  the  platform,  of  the  means  adopted  for 
supporting  the  reel,  and  for  tightening  the  reel  bands  when  the  shoe  is 
elevated.  Fig.  4  is  a  front  elevation  of  the  adjustable  reel  bearings 
and  portion  of  the  reel. 

The  main  framing  of  the  reaping  machine  is  carried  by  driving 
wheels,  and  provided  with  the  side  platform,  c,  the  outer  edge  of 
which  is  supported  by  the  wheel  d  (figs.  1  and  2).     This  wheel  is  fitted 


November  1 .  18G5. 


THE   PRACTICAL   MECHANIC'S  JOURNAL. 


237 
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on  to  a  loose  hollow  axle,  a,  on  the  inner  end  of  which  axle  is  formed  a 
serrated  plate,  b,  the  teeth  of  which  fit  into  and  engage  with  the  serra- 
tions made  in  the  vertical  standard,  E.  This  standard  is  secured  in 
any  convenient  manner  to  the  outer  side  of  the  platform,  c,  and  is 
slotted  down  the  middle,  the  upper  end  of  such  slot  being  enlarged  to 
admit  of  the  passage  therethrough  of  the  head  of  the  bolt,  c,  which 
passes  through  the  slot  and  through  the  hollow  axle,  a.  A  nut  and 
washer  on  the  screwed  outer  end  of  this  bolt  serves  to  tighten  the  axle 
against  the  standard,  and  to  hold  the  wheel  in  its  place.  By  slackening 
this  nut  sufficiently  the  axle  and  wheel  may  be  raised  or  lowered  to  any 
required  extent,  and  again  fixed  in  that  position  by  tightening  the  nut. 
The  serrations  in  the  standard,  and  in  the  plate  on  the  inner  end  of  the 
axle,  by  engaging  with  each  other,  insure  the  perfect  immobility  of  the 
axle  when  once  adjusted.  In  order  to  apply  more  or  less  tension  to  the 
driving  band  of  the  reel,  it  is  proposed  to  use  the  arrangement  shown  at 
fig.  3,  wherein  the  pulley  standard,  M,  is  connected  by  the  brace,  L,  with 
the  hand  lever,  R,  for  raising  the  reel,  P,  simultaneously  with  the  shoe,  T, 
and  cutter  bar.  The  brace,  L,  has  a  number  of  holes  made  in  it, 
whereby  facility  is  afforded  for  tightening 
the  reel  driving  band,  o,  to  any  desired 
extent,  by  passing  one  or  other  of  such 
holes  on  to  a  stud  or  pin  in  the  side  of  the 
pulley  standard,  M.  By  this  arrangement, 
as  the  lever,  K,  is  drawn  back  and  cutter 
bar  raised,  the  pulley  standard,  M,  is  driven 
back  a  corresponding  distance ;  and  this 
keeps  the  reel  band  in  its  proper  position 
for  driving  the  reel.  The  reel  of  the 
machine  is  capable  of  adjustment  in  height 
independently  of  the  rising  and  falling  of 
cutter  bar,  and  is  carried  by  the  shaft,  v, 
which  is  supported  at  one  end  in  the  reel 
bearings,  w  w ;  the  other  portion  of  the 
shaft,  which  carries  the  reel,  being  made 
to  overhang  the  bearings.  These  bear- 
ings, w  w,  are  formed  in  one  piece  with 
the  movable  bracket,  x  (figs.  3  and  4), 
which  is  capable  of  vertical  adjustment 
along  a  wooden  standard,  Y,  fixed  in  a 
socket-iron,  z,  and  may  be  fixed  at  any  desired  height  on  the  standard, 
by  means  of  the  cam  or  eccentric  lever,  e  (carried  by  the  bracket 
itself),  which  grips  firmly  the  side  of  the  standard,  Y,  when  turned  to 
the  proper  position,  as  indicated  in  fig.  3.  /is  an  arched  brace  which 
is  bolted  to  the  top  of  the  main  slioe,  T,  and  is  steadied  by  a  short 
lateral  brace,  bolted  to  the  side  thereof,  and  to  the  main  shoe,  and  has 
jointed  to  it,  by  a  pin  joint  at  g,  the  lower  end  of  the  socket-iron,  z. 
A  bolt,  h,  in  this  socket-iron  enters  one  or  other  of  the  bolt  holes,  i, 
made  in  the  arched  brace,  f,  and  consequently  the  angle  or  inclination 
of  the  standard,  Y,  may  be  varied  so  as  to  move  the  reel  nearer  to  or 
farther  from  the  cutter  bar. 


STOPPING   BOTTLES. 

J.  H.  Johnson,  London  and  Glasgow. — Communicated  by  Henry 
Bateman  Goodyear,  New  Haven,  U.S.— Patent  dated  March  4, 18G5. 

This  invention  relates  to  an  improved  mode  of,  and  apparatus  for, 
stopping  or  closing  bottles  containing  still  liquids,  namely,  liquids 
which  are  not  charged  with  fixed  air  or  gases,  and  consists  in  the 
employment,  in  combination  with  a  bottle  of  suitable  form,  of  a  ball  (of 
larger  diameter  than  the  width  of  the  bottle  neck)  made  of  india-rubber 
or  other  suitable  elastic  material,  contained  inside  the  bottle,  and  capable 
of  floating  upon  the  liquid  therein,  an  instrument  composed  of  three 
or  more  diverging  elastic  wires,  firmly  secured  to  a  handle,  to  be  held 
in  the  hand  of  the  operator,  or  to  a  vertical  slide  carried  in  a  bracket  or 
support,  and  worked  by  a  lever.  The  ball,  which  serves  as  a  stopper, 
is  contained  inside  the  bottle,  and  the  free  ends  of  the  wires  of  the 
instrument,  as  here  referred  to,  are  to  be  introduced  into  the  bottle 
through  the  neck,  their  object  being  to  engage  with  the  ball  and  pull 
it  up  into  the  contracted  neck  of  the  bottle.  The  wires  of  this  instru- 
ment may  either  be  made  perfectly  straight,  or  they  may  be  curved 
slightly,  either  outwards  or  inwards;  the  latter  form  being  preferred 


when  more  resistance  or  a  firmer  hold  on  the  ball,  which  is  to  bo 
grasped  by  the  wires  whilst  it  is  floating  on  the  liquid  inside  the  bottle, 
is  required  for  the  purpose  of  pulling  the  ball  higher  up  the  neck,  and 
for  wedging  it  into  its  seat  with  increased  power.  The  ball  will  thus 
be  compressed  and  held  more  firmly  than  when  the  wires  are  straight 
or  curved  outwardly.  The  neck  of  the  bottle  may  be  so  contracted  or 
lipped  inwardly  as  to  permit  the  ball,  which  is  of  larger  diameter  than 
the  neck,  from  being  drawn  out  by  the  force  necessary  to  pull  out  the 
instrument,  and  yet  hold  the  ball  when  drawn  up  by  as  large  a  surface 
as  possible,  giving  such  factional  hold  as  to  prevent  the  ball  from 
springing  back  and  dropping  into  the  liquid.  This  mode  of  constructing 
bottles,  with  an  inner  projecting  lip  in  the  neck,  is  particularly  recom- 
mended for  bottles  intended  to  contain  beer  and  other  fermentable 
liquids,  which,  after  bottling,  are  liable  to  generate  expansive  gases. 
Another  mode  of  preventing  the  accidental  withdrawal  of  the  stopper 
when  extracting  the  wires,  consists  in  the  employment  of  a  check-piece, 
contained  inside  a  fixed  metal  collar,  which  fits  over  the  top  of  the  neck, 
such  check-piece  consisting  of  a  cross  bar  extending  diametrically  across 
the  collar,  and  made  to  enter  slightly  inside  the  neck  of  the  bottle. 
When  the  ball  or  stopper  is  drawn  up  into  the  neck  by  the  action  of 
the  wires  it  will  be  arrested  by  coming  in  contact  with  the  check-piece, 
and  consequently  the  wires  may  be  withdrawn  without  fear  of  extracting 
at  the  same  time  the  stopper.  The  bottle  is  placed  upon  a  spring 
platform  which  allows  it  to  be  depressed  sufficiently  to  pass  under  the 


check-piece,  and,  when  adjusted,  to  be  held  firmly  against  the  collar,  with 
the  check-piece  inside  the  neck.  The  wires  which  pass  through  the 
collar  are  then  brought  down  by  the  action  of  a  spring  on  the  lever 
before  referred  to,  and  as  soon  as  they  have  seized  the  ball  or  stopper 
they  are  drawn  upwards  by  depressing  a  foot  treadle,  and  thereby  draw 
the  stopper  into  the  bottle  neck,  and  close  the  same.  The  bottle  is 
then  depressed  again  to  allow  of  its  removal  from  the  machine,  and 
a  fresh  one  is  supplied  to  take  its  place. 

In  the  most  simple  arrangement,  it  is  necessary  that  the  neck  of  the 
bottle  should  be  so  contracted  as  to  prevent  the  ball  from  being  drawn 
out  by  the  force  necessary  to  pull  out  the  instrument,  yet  hold  the  ball 
when  drawn  up  by  as  large  a  surface  as  possible,  giving  such  frictional 
hold- as  to  prevent  the  ball  from  springing  back  and  dropping  into  the 
liquid.  In  some  cases  it  may  be  necessary  to  give  at  the  part  most 
contracted  an  additional  and  more  sudden  contraction,  in  order  to 
more  effectually  retain  the  ball.  For  bottling  beer  or  other  ferment- 
able substances,  which,  when  bottled,  are  liable  to  generate  expansive 


238 


THE   PRACTICAL   MECHANIC'S  JOURNAL. 


November  1   1865. 


gases,    this    mode    of   constructing    bottles    is    particularly   recom- 
mended. 

The  ball  is  very  elastic,  and  of  a  diameter  somewhat  larger  than  that 
of  the  contraction  in  the  neck ;  and  although  no  positive  rule  can  be 
given  for  the  degree  of  elasticity  of  the  ball,  or  the  relative  dimension 
of  the  ball  and  the  neck,  it  will  suffice  to  say  that  the  ball  must  be  such 
as  to  admit  of  its  entering  the  neck  from  within  the  bottle  by  gradual 
compression,  and  when  compressed  of  being  elongated ;  without,  how- 
ever, such  diminution  of  its  diameter  as  will  allow  of  its  being  thrown 
out.  The  mode  of  making  the  ball  as  required  for  the  purposes  of 
this  invention,  i.e.,  impervious  and  elastic,  is  well-known  to  those 
acquainted  with  the  manufacture  of  india-rubber.  It  is  preferred  to 
make  them  hollow,  i.e.,  in  two  parts,  united  and  vulcanized  in  the 
mould. 

The  bottle  being  filled,  the  ball  will  float  upon  the  surface  of  the 
liquid ;  the  wire  instrument  is  then  introduced  by  bringing  the  ends 
together.  On  passing  the  neck  the  wires  are  allowed  to  open  or  expand, 
and  are  then  directed  over  the  floating  ball.  On  further  descending  the 
wires  the  ball  engaged  among  them  will  be  forced  in  between  the  wires 
with  a  force  proportionate  to  the  buoyancy  of  the  ball,  which  is  sufficient 
to  maintain  it  therein.  The  wires  are  now  withdrawn,  and  in  so  doing, 
the  ball  is  drawn  up,  compressed,  and  wedged  into  its  seat,  with  a  force 
equal  to  the  frictional  hold  of  the  compressed  wires  on  the  ball.  When 
the  ball  is  brought  home  the  wires  will  slip  off. 

With  a  little  practice  bottles  may  be  filled  and  stopped  with  great 
celerity. 

As  the  balls,  however,  will  sometimes  vary  in  elasticity,  and  the  wires 
seize  the  ball  higher  up  or  lower  down  among  them,  and  thus  hold  the 
ball  with  greater  or  less  force  than  calculated  for,  it  may  sometimes  hap- 
pen that,  however  perfect  the  instrument  may  be,  the  balls  are  drawn 
out  from  the  bottle.  To  remedy  this  objection,  the  operation  of  bottling 
may  be  effected  by  a  machine,  constructed  and  operated  in  the  manner 
shown  by  the  engraving.  Upon  a  table,  D,  is  firmly  established  the 
frame  or  standard,  E,  the  lower  part  of  which  is  curved  corresponding 
with  the  outlines  of  the  bottle,  A,  to  be  stopped.  To  a  bracket  pro- 
jecting towards  the  rear  is  hung  or  pivoted  a  lever,  F,  the  front  end  of 
which  is  jointed  to  a  plunger,  G,  whilst  its  rear  end  is  connected  with 
a  rod,  II,  which  traverses  the  table,  and  is  attached  to  a  treadle  or 
pedal,  arranged  conveniently  for  the  operator  to  work  the  lever.  A  spiral 
spring,  I,  or  a  weight,  is  attached  to  the  forward  end  of  the  lever,  in  such 
manner  as  to  tend  to  depress  the  plunger.  The  upper  portion  and 
front  side  of  the  standard  is  provided  with  two  guides,  K  and  L,  within 
which  the  plunger  is  caused  to  travel  up  and  down  when  actuated  by 
the  pedal.  In  this  plunger  are  secured  the  diverging  wires,  c,  of 
which  there  are  six,  or  more,  or  less,  and  they  are  passed  through  a 
collar  or  ring,  M,  cast  on  to  the  bracket.  With  the  collar,  M,  is  com- 
bined a  check-piece  or  blade,  N,  arranged  diametrically  across  the  collar, 
M,  and  projecting  from  the  under  surface  of  the  said  collar,  so  as  to 
enter  the  neck  of  the  bottle  when  the  latter  is  applied  against  the  collar, 
thus  serving  the  double  purpose  of  guiding  and  holding  the  bottle  cen- 
trally in  relation  to  the  collar  and  the  wires,  and  of  preventing  the  ball 
from  being  drawn  out  of  the  neck  by  the  wires.  To  facilitate  the 
placing  the  bottle  in  the  proper  position  for  the  wires,  a  platform,  o,  is 
employed,  supported  in  a  pedestal,  P,  by  means  of  a  spring,  upon  which 
platform  the  bottle  is  accurately  placed  by  means  of  a  gauge,  r.  A 
horse,  or  clamp,  or  guide,  S,  is  provided  for  holding  the  upper  part  of 
the  bottle.  Such  being  the  construction  of  the  apparatus,  its  operation 
will  be  readily  understood  from  the  following  description  of  the  modus 
operandi : — ■ 

The  filled  bottle  with  the  ball,  b,  floating  on  the  top  of  the  liquid,  is 
placed  on  the  platform  while  the  wires  are  drawn  up.  The  bottle  is 
thus  placed  with  slight  pressure,  so  that,  the  platform  yielding,  the 
bottle  will  clear  the  projecting  check,  N,  and  adapt  itself  to  both  guides 
or  gauges,  R  and  s.  The  bottle  is  then  released,  and  the  pressure  on  the 
treadle  removed.  The  plunger  actuated  by  the  spring  will  then  push 
down  into  the  bottle  the  wires,  c,  which  expand  with  the  form  of  the 
bottle  surrounding  the  ball.  The  foot  now  presses  the  lever  and 
plunger  actuating  pedal,  and  the  wires  are  drawn  up  along  the  con- 
tracted neck  of  the  bottle,  whereby  they  are  caused  to  close  in  on  the 
ball,  seize  it,  and  draw  it  up  with  them  into  the  neck,  until  its  further 
upward  movement  is  arrested  by  the  check,  N.  It  will  be  understood 
that  the  wires  may  seize  the  ball  with  greater  force,  and  wedge  it  more 
tightly  into  the  neck  without  danger  of  its  being  drawn  out. 


IMPROVEMENTS  IN  LOOMS  FOR  WEAVING. 

A.  W.  Pearce,  Dundee. — Patent  dated  1st  April,  18G5. 

This  invention  relates  to  a  certain  new  arrangement  of  the  parts  of 
looms  used  for  weaving,  which  are  employed  to  give  motion  to  the  pick- 
stick,  whereby  the  shuttle  is  caused  to  traverse  the  warp.  The  chief 
part  of  the  arrangement  consists  in  causing  the  cam  whereby  motion  is 
communicated  to  the  pick-  stick  to  move  the  conical  roller  in  a  direction 
the  reverse  of  that  at  present  employed.  The  shaft  upon  which  the 
cam  is  fixed  moves  or  revolves  in  the  same  direction  as  formerly ;  but 
the  shaft  carrying  the  friction  roller  upon  which  the  cam  or  tappet 
strikes,  is  arranged  over  the  reverse  side  of  the  cam — the  reciprocating 

Fig.  1. 


motion  of  the  cam  being  thus  communicated  direct  to  the  side  of  the 
roller.  Instead  of  the  friction  roller  upon  which  the  cam  or  tappet 
strikes  being  fixed  upon  the  vertical  shaft  by  which,  in  existing 
arrangements  of  picking  motions,  the  motion  of  the  cam  is  transmitted 
to  the  pick-stick,  it  is,  in  the  present  arrangement,  attached  to  a  short 
reciprocating  shaft,  this  latter  being  connected  by  a  link  to  a  short 
crank  on  the  picking  shaft,  by  the  intervention  of  which  the  motion  of 
the  rod  and  picking  movement  take  place  in  the  same  direction  as 
formerly.  The  chief  advantage  resulting  from  this  arrangement  being 
that  the  concussion  produced  by  the  existing  arrangement  of  picking 
motions  is  under  this  invention  wholly  or  very  nearly  obviated. 

Fig.  2. 


Fig.  1  of  the  annexed  engravings  represents  some  portions  of  a  power 
loom  to  which  this  invention  is  applied,  fig.  2  being  a  sectional  plan  of 
the  same,  in  which  the  gable  or  end  framing  of  the  loom  is  marked  A, 
the  upper  picking  shaft,  B,  to  which  the  picking  arm  is  attached  in  the 
usual  manner.  The  lower  picking  shaft  is  marked  c ;  and  the  cone,  D, 
is  that  by  which  the  motion  of  the  lower  picking  shaft  is  communicated 
from  the  wiper,  E,  on  the  wiper  shaft,  K.  The  upper  and  lower  picking 
shafts,  B  and  C,  are  connected  together  by  the  link,  F,  and  thus  the 
motion  produced  on  c  by  the  wiper  e  is  communicated  to  the  upper 
shaft,  B. 

The  relative  positions  of  the  two  picking  shafts,  b  and  c,  and  the 
connecting  link,  e,  are  better  understood  by  referring  to  fig.  2. 
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IMPROVEMENTS  IN  APPARATUS  FOR  OBTAINING  LIGHT. 
Giacojio  Felice  Marchisio,  London, — Patent  dated 
March  24,  1865. 
This  invention  relates  to  a  mode  of  obtaining  light  without  danger  of 
explosion,  by  the  nse  of  air  which  has  bean  rendered  inflammable  by 
admixture  with  the  vapours  of  petroleum  and  other  hydrocarbons.  In 
all  apparatus  employed  in  this  system  of  lighting  it  is  necessary  to  use 
liquids  of  a  highly  volatile  nature,  which  are  liable  to  explode  spon- 
taneously with  the  smallest  excess  of  heat.  The  peculiar  apparatus 
which  constitutes  the  essential  feature  of  this  invention,  is  intended  to 
obviate  the  danger  and  inconvenience  above  referred  to.  It  consists 
of  a  circular  chamber,  in  the  interior  of  which  rotates  a  drum,  which 
receives  its  rotatory  motion  from  any  convenient  arrangement  of 
mechanism  outside  the  chamber.  This  chamber  is  half  filled  with 
water  at  its  normal  temperature,  and  upon  this  water  is  poured 
petroleum  in  a  specially  refined  state,  naptha,  or  other  hydrocarbou,  so 
that  the  water  and  hydrocarbon  together  will  fill  about  two-thirds  the 


capacity  of  the  chamber.  Whilst  the  drum  is  at  rest  there  is  no  danger 
of  explosion,  as  the  hydrocarbon  will  always  be  at  the  same  temperature 
as  the  water,  and  when  the  apparatus  is  set  in  motion  the  external  air 
enters  the  chamber  by  an  opening  for  that  purpose,  and  passes  into  the 
interior  of  the  drum,  which  is  made  hollow,  and  provided  with  openings 
at  the  sides.  This  air  being  carried  through  the  hydrocarbon  by 
the  rotation  of  the  drum,  becomes  impregnated  with  inflammable 
vapour,  and  by  the  same  rotation  of  the  drum  it  is  discharged  through 
the  openings  therein,  and  enters  the  supply  pipe  of  the  burners.  The 
hydrocarbon  being  constantly  agitated  and  mixed  with  the  water  by 
the  movement  of  the  drum,  all  danger  of  explosion  is  obviated,  as  any 
undue  elevation  of  the  temperature  is  rendered  impossible. 

Fig.  1  of  tbe  engravings  is  a  partial  transverse  vertical  section  of 
the  improved  apparatus.  Fig.  2  is  a  longitudinal  vertical  section 
taken  at  right  angles  to  fig.  1.  This  apparatus  consists  of  au  outer 
casing  or  chamber,  A,  within  which  rotates  freely  a  drum,  B,  which  is 
divided  into  a  number  of  chambers  or  compartments,  by  means  of  the 
radial  partitions  a,  a.  The  periphery,  b,  of  this  drum  is  closed,  but  at 
its  two  sides,  c  and  c',  it  has  as  many  openings,  d,  formed  therein  as 
there  are  chambers  in  the  drum.  The  openings  on  one  side  serve  for 
the  inlet  of  air  to  the  dram,  whilst  those  on  the  opposite  side  serve  as 
the  exits  for  the  air.  These  exits  open  into  a  closed  hood  or  cap,  e 
fitted  to  the  side  of  the  drum,  and  have  a  central  aperture  therein 


sufficiently  large  to  allow  of  the  passage  of  the  drum  spindle,/,  and 
the  lower  end  of  the  pipe,  c,  through.  The  chamber,  A,  in  which 
this  drum  rotates,  is  supplied  with  water  up  to  the  level,  D  D,  and 
upon  this  water  is  poured  petroleum  in  a  specially  refined  state, 
naphtha,  or  other  volatile  hydrocarbon,  up  to  the  level,  E  E,  or 
sufficiently  high  to  seal  the  central  aperture  or  mouth  in  the  hood  or 
cap,  e.  F  is  the  air  inlet  to  the  chamber,  A,  and  C  is  the  exit  pipe 
which  convoys  the  air  from  the  hood  or  cap,  e,  after  it  has  been 
rendered  inflammable  by  contact  with  the  hydrocarbon  as  hereafter 
explained.  A  continuous  rotatory  motion  in  the  direction  of  the  arrow 
is  imparted  to  the  drum,  B,  by  spring  clock  work  or  other  convenient 
and  well-known  arrangement  of  mechanism,  but  it  is  preferred  to 
employ  for  this  purpose  an  endless  chain,  G,  passing  over  a  chain 
pulley,  II,  fast  on  a  spindle,  I,  which  carries  a  toothed  wheel,  K.  This 
wheel,  K,  gears  into  a  small  pinion,  L,  fast  on  the  spindle,  f,  of  the 
drum  outside  the  casing,  A.  M  is  a  weight  through  which  one-half  of 
the  double  chain  passes,  the  links  of  such  chain  being  caught  by 
spring  catches  in  the  weight  itself,  so  that  in  winding  up  the  apparatus 
it  is  simply  necessary  to  slip  the  weight  up  the  chain,  with- 
out disturbing  the  chain  itself — when  the  catches  will  lay 
hold  of  one  or  other  of  the  links,  and  so  support  the  weight. 
These  catches  are,  as  is  well  understood,  so  arranged  as 
to  allow  the  chain  to  pass  through  the  weight  freely  in 
one  direction  and  grip  it  in  the  opposite  direction. 
The  atmospheric  air  which  enters  the  chamber,  a,  also 
frees  the  chambers  inside  the  drum  successively  as  the}' 
come  round  above  the  fluid  level,  and  as  each  chamber  fills 
it  is  caused  to  pass  into  the  petroleum,  and  thereby  impreg- 
nate the  air  it  contains  with  the  vapour  of  the  hydrocarbon. 
The  air  thus  rendered  inflammable  escapes  by  the  exit 
apertures  into  the  hood  or  cap,  e,  and  thence  passes  through 
the  pipe,  C,  to  the  burners  to  be  consumed. 

In  order  to  compensate  for  the  loss  of  hydrocarbon  by 
evaporation,  a  small  reservoir,  n,  is  situate  above  the  main 
chamber,  A,  which  reservoir  is  partly  filled  with  water  up 
to  the  lip  of  the  pipe,  g,  which  communicates  with  the 
chamber,  A.  Upon  this  water  is  contained  a  reserve  supply 
of  petroleum  or  other  suitable  hydrocarbon,  a  small  quantity 
of  which  is  periodically  allowed  to  flow  into  the  chamber, 
A,  by  opening  the  stop-cock.  O.  This  is  effected  automati- 
cal!}' by  attaching  a  lever  arm,  p,  to  the  end  of  the  spindle, 
Q,  of  the  cock,  such  arm  being  acted  upon  by  one  or  more 
projecting  pins,  h,  in  the  side  of  the  toothed  wheel,  K.  The 
cock  may  be  closed  again  after  the  pin  has  passed  by  a 
spring,  as  will  be  easily  understood. 

As  tbe  regularity  of  the  light  depends  entirely  upon  that 
of  the  evaporation  of  the  hydrocarbon  in  contact  with  the 
air,  and  as  this  latter  chemical  phenomenon  is  produced  by 
the  latent  heat  of  the  said  liquid,  which  may  be  reduced 
either  by  the  constant  evaporation  or  by  the  lowering  of 
the  temperature  of  the  surrounding  atmosphere,  it  is  proposed  in  very 
cold  weather  to  maintain  the  desired  temperature  by  means  of  a 
small  burner,  R,  situate  immediately  beneath  the  chamber,  A,  such 
burner  being  supplied  by  a  branch  pipe,  s,  from  the  main  pipe,  C,  as 
shown.  T  is  a  glass  gauge  pipe  for  indicating  the  proper  levels  of  the 
water  and  hydrocarbon  in  the  apparatus. 


CUTTING  SCROLLS,  FRETS,  &c. 

James  KennAN,  Dublin. — Patent  dated  April  11,  18G5. 

This  invention  relates  to  a  peculiar  combination  of  machinery  or  appa- 
ratus for  cutting  scrolls,  frets,  or  filigree  work  in  wood,  metal,  or  other 
materials  capable  of  being  so  cut,  and  consists  essentially  in  the  employ- 
ment for  that  purpose  of  a  vibrating  or  oscillating  frame,  in  which  a  fret 
saw  is  strained,  such  frame  deriving  its  motion  direct  from  a  cam  having 
two  or  more  inclines  or  actuating  surfaces  on  the  first  motion  shaft, 
which  may  be  worked  by  a  foot  lever  or  otherwise. 

According  to  one  mode  of  carrying  out  this  invention  in  practice,  a 
pair  of  standards  of  any  convenient  form  support  a  table  upon  which 
the  material  to  be  cut  is  laid.  Beneath  this  table  there  is  a  crank  shaft, 
provided  with  a  fly-wheel,  and  carrying  also  a  cam,  having  two,  three, 
or  more  inclines  formed  thereon,  according  to  the  number  of  vibrations 
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required  in  the  saw  frame  at  each  revolution  of  the  shaft.  This  shaft 
may  he  driven  by  a  foot  lever  or  treadle,  connected  with  the  crank  by 
an  ordinary  connecting  rod.  Above  the  table  there  is  fitted  a  rocking 
shaft,  working  in  ordinary  bearings,  and  to  biackets  on  the  upper  and 
under  side  of  this  shaft  are  fitted  two  arms,  the  one  being  above  and 
the  other  below  the  table.  Or  these  arms  may  both  be  cast  in  one 
piece,  which  arrangement  is  preferred.  Between  the  free  ends  of  these 
arms  is  strained  the  fret  saw,  by  means  of  a  nut  and  screw,  or  other 
convenient  contrivance.  One  of  the  various  modes  which  may  be 
adopted  for  straining  the  saw  consists  in  passing  a  short  steel  spindle 
vertically  through  the  free  end  of  one  or  both  of  the  vibrating  arms,  and 
to  make  one  end  of  this  spindle  (which  is  split  to  receive  the  end  of  the 
saw  blade)  conical,  with  a  screw  thread  on  such  conical  part.  By 
screwing  a  nut  along  the  conical  screwed  portion  of  the  spindle,  the  saw 
blade  will  be  tightly  grasped  and  held  within  the  split.  The  other  end 
of  the  spindle  is  also  screwed,  but  the  screwed  part  has  two  flat  faces 
filed  thereon,  to  permit  the  screw  rising  through  a  washer  or  collar  on 
the  vibrating  arm,  and  at  the  same  time  prevent  it  from  rotating  therein, 
the  hole  in  the  washer  being  of  a  shape  to  correspond  to  the  flattened 
form  of  the  screwed  part  of  the  spindle.  A  hand  nut  is  screwed  on  to 
the  end  of  the  spindle,  so  that  by  tightening  up  this  nut  the  saw  may 

be  strained  to  any  desired 
extent.  A  more  simple 
mode  consists  in  screwing 
one  end  of  the  saw  by  a 
pinching  screw  to  the  end 
of  one  of  the  vibrating 
arms,  whilst  the  other 
id  of  the  saw  is  screwed, 
f  a  pinching  screw,  to  a 
ide  working  in  a  vertical 
•oove  in  the  end  of  the 
her  arm,  such  slide  being 
■ted  upon  by  a  set  or 
[justing  screw,  whereby 
e  straining  of  the  saw 
ade  may  be  readily  and 
mply  accomplished. 
Motion  is  imparted  to  the 
eking  shaft  arms  and  saw 
f  means  of  another  arm 
•  lever,  which  is  secured 
-  one  end  to  the  rocking 
laft,  whilst  its  lower  end 
carries  one  or  a  pair  of 
antifriction  rollers,  which 
are  actuated  by  the  cam  on  the  crank  shaft  before  referred  to.  The 
rocking  shaft,  and  the  three  vibrating  arms  in  connection  therewith, 
constitute  one  arrangement  of  vibrating  or  oscillating  frame,  receiv- 
ing its  motion  direct  from  a  cam ;  but  of  course  these  parts  may  be 
otherwise  disposed  without  departing  from  the  essential  feature  of  the 
invention. 

Fig.  1  of  the  engravings  represents  a  sectional  elevation  of  the  im- 
proved fret  cutting  machine.  The  other  two  figures  are  details  after- 
wards more  particularly  referred  to. 

A  is  the  standard  or  main  framing  of  the  machine,  which  maybe  of  wood 
or  of  ornamental  iron  work,  which  latter  is  preferred.  B  represents  one  of 
two  bearings  carried  by  the  main  standards,  in  which  the  main  drawing 
shaft,  c,  of  the  machine  revolves.  This  shaft  is  rotated  by  means  of  the 
foot  treadle,  D,  connecting  rod,  E,  and  crank,  F,  and  carries  the  triple 
action  cam,  G,  and  fly-wheel,  H.  On  the  inner  and  outer  peripheries  of 
this  cam,  which  may  consist  simply  of  a  run  projecting  from  and  secured 
to  the  side  of  the  arms  of  the  fly-wheel,  work  two  antifriction  pulleys, 
l  I,  which  may  be  covered  with  india-rubber  on  their  circumferences  to 
prevent  shaking  and  noise  when  at  work.  These  pulleys,  I,  are  carried 
by  the  lower  end  of  a  lever  arm,  K,  the  upper  end  of  which  is  keyed  on 
to  the  rocking  shaft,  L,  which  vibrates  in  bearings,  M,  secured  to  the 
table  of  the  machine.  0  o',  are  two  arms,  which  it  is  preferred  to  cast 
in  one  piece  of  a  C  form,  and  which  are  also  keyed  into  the  rocking  or 
vibrating  shaft,  L.  The  overhanging  portions  of  the  arms,  O  o',  are 
balanced  by  the  counterweight,  P,  and  the  saw  blade,  Q,  is  strained 
between  the  two  vibrating  ends  of  the  C  shaped  lever,  as  is  clearly 
shown  in  figs.   1   and  3.     Enlarged  side  and  front  elevations  of  the 


arrangement  for  straining  the  saw  are  represented  respectively  at  figs.  2 
and  3.  The  end  of  the  saw  blade  having  been  passed  down  through  a 
hole  or  slit,  o,  in  the  table,  is  nipped  and  held  firmly  between  the  side 
of  the  plate,  R,  screwed  to  the  end  of  the  arm,  o',  and  the  small  plate 
or  washer,  s,  by  means  of  the  pinching  screw,  T,  whilst  its  upper  end  is 
similarly  nipped  between  the  adjust- 
able vertical  slide,  u,  and  the  plate  or 
washer,  v,  by  the  pinching  screw,  w. 
This  slide,  u,  is  held  in  a  slot  in  the 
side  of  the  arm,  o,  by  the  pinching 
screw,  x,  which  passes  through  a  slot, 
6,  in  the  slide.  Y  is  the  tightening  or 
straining  screw  It  works  through  the 
end  of  the  slide,  tr,  and  bears  against 
the  top  of  the  vibrating  arm,  so  that  on 
turning  this  screw  the  slide  will  be 
drawn  upwards,  and  the  saw  blade 
strained  to  any  desired  extent. 

In  order  to  blow  away  the  sawdust 
at  each  upward  stroke  of  the  saw,  it 
is  proposed  to  employ  a  self-inflating  india-rubber  ball,  z,  or  other  simple- 
form  of  bellows,  which  is  placed  underneath  the  table,  and  above  the 
lower  arm,  o',  so  that  each  time  this  arm  rises  it  will  compress  the  ball 
and  expel  the  air  therefrom,  which  air  is  directed  by  the  tube,  c,  to  the 
surface  of  the  work  at  the  point  where  the  saw  is  operating,  and  thereby 
keeping  the  line  of  cut  constantly  clear  to  view.  The  work  to  be  cut 
is  laid  upon  the  table,  and  guided  by  the  hands  of  the  operator,  whilst 
the  foot  actuates  the  treadle,  and  so  gives  motion  to  the  saw.  By  mak- 
ing two  or  more  acting  surfaces  on  the  cam,  G,  any  number  of  vibrations 
of  the  saw  per  revolution  of  the  main  shaft  may  be  obtained. 


REVIEWS    OF    NEW    BOOKS. 


The  Life  of  Robert  Stephenson,  F.R.S.,  &c,  &c.  By  J.  C. 
Jeaffreson.  With  Descriptive  Chapters  on  some  of  his  most  im- 
portant professional  works,  by  William  Pole.  2  vols.  8vo.  London  : 
Longman.     1864. 

sixth  notice. 
THE  BATTLE  OF  THE  GAUGES. 

Much  as  there  is  and  has  always  been  since  this  century  commenced 
in  the  walk  and  conversation  of  the  engineering  profession  that  jars  upon 
the  feelings  and  humbles  the  self-respect  of  every  rightly  thinking  and 
acting  man  belonging  to  it,  no  spectacle  so  humbling,  so  sad,  in  its 
selfishness  and  falsehood,  has,  we  think,  ever  been  shown  to  the  world 
at  large  by  that  of  engineers  as  was  presented  by  the  memorable  battle 
of  the  gauges. 

Why  Mr.  Pole  should  have  chosen  this  for  special  illustration  and 
expatiation  as  one  of  Robert  Stephenson's  great  icorhs,  and  redounding 
to  his  credit,  it  is  hard  to  imagine.  To  class  the  wrangle  about  the 
gauges  in  Parliament  as  a  work  at  all — which  was  not  a  work  in  any 
concrete  sense — is  only  possible  by  a  sort  of  lucus  a  non  lucendo  deriva- 
tion. In  every  profession,  perhaps,  there  are  some  tacitly  accepted 
humbugs — seen  through,  known  to  all,  but  politely  by  the  world  said 
nothing  about,  either  as  to  their  pretentiousness  or  their  real  hollow- 
ness.  Just  as  lawyers  are  supposed  to  undertake  the  causes  of  their 
clients  for  nothing  but  the  overflowing  desire  to  champion  the  right  and 
redress  wrong — as  every  parson  and  priest  is  supposed  to  be  "  ordained  " 
by  a  special  and  express  telegram  from  divine  regions — -as  every  phy- 
sician is  learned,  and  supposed  to  go  about  doing  good,  and  wholly 
regardless  of  fees — so  every  project  of  the  civil  engineerin  public  debated, 
is  assumed  to  be  based  upon  purely  scientific  considerations,  in  discuss- 
ing which,  by  either  supporter  or  opponent  engineer,  no  tittle  of  selfish 
or  of  vulgar  personal  or  pecuniary  consideration  ever  enters. 

This  conventionalized  falsehood  lay  at  the  base  of  the  whole  wrangle 
about  the  gauges. 

Brunei,  bold,  able,  and  ambitious,  with  the  Stephenson  interest  both 
humanly  and  materially  daily  closing  round  him,  and  narrowing  his  field 
of  operations  (which  had  always  been,  through  early  connection,  in  the 
southern  segments  of  England)  by  the  pushing  on  of  new  lines  by  bis 
great  rivals  and  their  secondaries,  and  no  doubt  feeling  the  difficulty  in 
point  of  policy  of  seeming  to  merely  follow  the  lead  of  the  Stephensons 
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in  railway  engineering,  propounded  the  broad  gauge  of  seven  feet  as 
the  one  and  only  proper  for  the  Great  Western,  about  to  be  commenced. 
The  pretests  upon  which  it  was  advanced  and  justified  to  the  public 
and  in  Parliament  were  all  strictly  scientific;  it  was  the  thing  to  be 
done,  because  physically,  mechanically,  engineeringly,  on  every  prin- 
ciple inherent  or  known  in  nature  or  art,  it  was  affirmed  to  be  the  right 
thing — written  in  the  eternities. — not  to  be  contradicted  but  on  pain  of 
disaster. 

But  this  pretext,  with  all  its  outside  of  weighty  scientific  reason  and 
skill  recondite,  was  a  falsehood  and  a  sham.  The  real  reason  or  cause, 
which  lay  behind,  for  the  choice  of  the  broad  gauge,  was  one  of  simple 
self-interest  and  worldy  policy. 

To  the  directors  of  the  Great  Western,  besides  the  scientific  pro- 
gramme as  to  the  advantages  to  be  directly  derived  in  woiking  the  fine 
from  a  7-ft.  gauge — and  we  by  no  means  deny  that  these  were  wholly 
fallacious — it  was  pointed  out,  with  due  privacy  of  course,  that  the  very 
fact,  of  a  break  of  gauge  must  secure  to  their  line  a  monopoly  for  ever 
after,  and  hinder  all  inconvenient  trespassing  on  their  manors  by  future 
rivals.  Who  can  now  be  blind  to  the  fact,  however,  that  the  reasons 
that  motived  Brunei  himself,  and  lurked  in  his  secret  soul,  were,  that  to 
get  a  difference  of  gauge  at  all  was  to  keep  off  the  Stephensons  and  their 
lines  from  encroaching  on  his  own  field  of  railway  operations,  then 
opening  in  the  south  of  Epgland,  and  by  the  same  blow  that  should 
effect  this  to  deliver  a  buffet  to  his  rivals  .;  for  if  the  broad  gauge  should 
come  to  pass  as  the  right  thing  on  principle,  the  narrow-  gauge  must 
come  to  be  accepted  as  the  wrong  thing  on  principle,  and  so  the 
Stephensons,  the-  first  apostles  and  prophets  of  it,  receive  a  great 
discouragement. 

And  now  issue  was  joined,  and  the  battle  waged  fierce  in  Committee 
and  before  Gauge  Commissioners,  and  Robert  Stephenson  brought  forth 
with  severe  and  scientific  propriety  all  the  reasons  that,  after  the  most 
mature  consideration,  and  for  divers  and  weighty  reasons — all  deep 
seated  in  the  nature  of  things,  and  not  to  be  contravened  under  pains 
and  penalties — had  caused  him  and  his  father  George  to  decide  that  four 
feet  eight  inches  and  one  half  was  precisely  the  best  and  only  proper  gauge 
for  a  line.  A  couple  of  inches  more,  indeed,  might  be  made  use  of  in 
arranging  the  parts  of  the  locomotive,  but  he  did  not  want  them,,  and 
more  width  would  be  positively  detrimental :  and  any  other  considera- 
tion except  that  of  the  engine  had  nothing  to  do  with  the  question. 

Who  that  now  calmly  reads  over  the  evidence  of  the  nearly  fifty 
witnesses  pro  and  con.,  including  Stephenson  himself,  examined  before 
the  Gauge  Commission,  can  fail  to  see  that  the  predominant  desire  and 
motive  on  the  part  of  Brunei's  great  opponent  was  to  preserve  inviolate 
the  Stephenson  infallibility  with  the  4  ft.  8 J  in.  gauge.  Victorious  in 
this,  his  own  prestige  remained  undamaged,  while  his  rival's  must  be 
broken — his  own  engineering  territory  might  be  pushed  as  far  as  he 
pleased,  and  in  any  direction,  thereafter.  His  old  railway  clients  would 
be  kept  safe,  while  new  ones  might  be  gained  who  would  otherwise  have 
been  the  property  of  an  adversary. 

But  while  the  battle  was  fought  with  all  the  energy  of  personal 
interests  and  objects,  the  spectacle  would  be  amusing,  if  it  were  not 
so  false  and  humbling,  to  see  how  studiously  all  that  was  kept  tabooed 
by  both  sides — how  the  battle  of  rival  interests  was  fought  out  by 
appeals  on  both  sides  wholly  to  mechanical  conditions  and  engineering 
considerations. 

The  iu  quoque  argument  was  too  ready,  and  would  have  been  too 
pungent,  to  either  side  to  have  permitted  one  or  other  of  the  rivals  to 
hint  that  all  this  display  of  technicality  and  skill  was  but  the  tacitly 
accepted  mode  of  playing  out  a  game,  to  which  each  rival  compelled 
the  other  "  coram  populo"  but  tlie  stakes  of  which  were  nothing  more 
than  the  vulgarest  pecuniary  and  personal  interests. 

The  game  itself  was  for  the  time  almost  a  drawn-  one.  The  broad 
gauge  became  a  fixed  fact  upon  the  Great  Western  and  its  branches ; 
but  the  Gauge  Commission  reported,  and  wisely,  "  that  the  gauge  of 
4  ft.  8J  in.  should  be  declared  by  the  legislature  that  to  be  used  on  all 
the  railways  then  under  construction,  or  to  be  thereafter  constructed,  in 
Great  Britain,"  for  that  a  break  of  gauge,  wherever  occurring,  must  be 
productive  of  great  commercial  inconvenience. 

This  was  indeed  the  real  marrow,  technically,  of  the  whole  question. 
A  break  of  gauge  must  be  a  certain  and  inevitable  evil  for  ever ;  and 
this  must  happen  if  two  different  gauges  were  to  be  tolerated  in  the 
same  country.  Brunei,  for  his  own  purposes,  wanted  this  break  of 
gauge,  and  underrated  its  evils.      Stephenson  wanted  no  gauge  except 
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the  infallible  4  ft.  8.1  in.  to  be  introduced,  and  to  prevent  it  as  wilfully 
exaggerated  the  inconvenience  that  would  result  from  the  break. 

But  neither  party  was  right,  even  in  the  technicalities  of  the  scientific 
panoply  in  which  they  fought  out  the  personal  and  directorial  quarrel. 
The  4  ft.  8^  in.  gauge — the  result  in  old  George's  time,  not  of  any  pro- 
found wisdom  and  science,  but  of  mere  trial  and  error,  and  pure  accident 
— so  far  from  being  the  right  thing,  has  now  proved  itself  beyond  con- 
tradiction too  narrow;  while,  except  for  some  very  special  and  peculiar 
case,  the  7  ft.  gauge  is  absurdly  and  expensively  too  wide. 

The  logic  of  fact  always  elicits  the  truth  in  the  end  ;  and  it  has 
pronounced  unmistakably  that  a  gauge  something  between  five  and  six 
feet  to  be  that  which  is,  on  the  whole,  best  suited  at  present  to  all  the 
conditions  belonging  to  the  great  trunk  lines  of  the  world.  Perhaps 
the  Irish  gauge  of  5  ft.  3  in.  comes  as  near  the  best  as  can  be  ;  and  the 
choice  of  it,  in  which  Sir  John  Macneil,  C.E.,  took  a  leading  part, 
reflects  much  credit  on  his  judgment  and  good  sense. 

While  no  trained  mechanical  eye  need  look  a  second  moment  at  one 
of  the  huge,  powerful,  and  heavy  engines  now  employed  upon  all  our 
great  English  lines — and  see  the  centre  of  gravity  standing  some  five  or 
six  feet  above  the  rails,  whose  half-width  or  base  is  but  2  ft.  4  in. — to  be 
convinced  that,  with  existing  traffic  and  demand  for  power,  the  English 
gauge  is  inconveniently  and  dangerously  narrow ;  while  no  such  eye 
can  range  over  the  Brobdignag  proportions  of  everything  upon  the  Great 
Western  line — engines,  trucks,  wheels,  carriages,  turntables,  sidings,  sta- 
tions, workshops,  termini — without  feeling  satisfied  that  the  7-ft.  gauge 
offers  no  advantages  (for  existing  traffic)  commensurate  with  its  enormous 
original  outlay  and  cost  of  working  and  maintenance,  and  that  the  only 
real  advantages  it  possesses  might  have  been  equally  obtained  by  a  gauge 
of  5  ft,  3  in.  to  5  ft.  6  in. 

The  considerations  that  should  fix  the  gauge  of  any  railway  can  be 
classed  into  those  that  regard  the  matter  to  be  carried,  and  those  which 
have  reference  to  the  country  over  which  it  is  to  be  carried.  The 
question  of  the  nature  and  maximum  amount  of  traffic  is  the  very  first 
element  in  the  decision.  If  blocks  of  stone  of  twenty  tons  weight  are  to  be 
carried,  or  if  bale  goods  or  boxes  which  were  cubes  of  ten  feet  on  the 
edge,  even  seven  feet  might  be  too  small  a  gauge,  and  a  gauge  of  nine 
or  ten,  or  even  twelve  feet  might  be  necessary.  Thus  the  railways  from 
the  Holyhead  Quarries  to  the  Breakwater,  devoted  to  the  transport  of 
blocks  of  stone  of  a  minimum  of  fifteen  tons  weight,  have  a  9  ft.  gauge. 
So  much  for  the  sort  of  thing  to  be  carried ;  but  the  quantity  to  be  carried 
in  a  given  time  is  the  next  element.  So  far  as  sort  of  thing  is  concerned, 
if  a  railway  had  nothing  larger  than  a  quartern  loaf  to  carry,  a  12  inch 
gauge  might  suffice  ;  but  if  a  million  quartern  loaves  per  day  had  to  be 
carried,  we  must  pack  many  loaves  into  each  wagon,  and  a  broader 
gauge  becomes  imperative. 

As  to  the  questions  of  stability  in  the  moving  load,  facility  of  going 
round  curves,  and  some  like  ones,  they  are  independent  of  gauge,  if 
it  be  assumed  that  everything  is  similar,  and  enlarged  or  reduced  in 
proportion  to  the  gauge.  But  practically  this  is  not  so,  in  almost  any 
one  particular,  on  the  two  gauges  of  our  English  lines,  or  in  comparing 
these  with  any  other  gauges.  The  narrow  gauge  passenger  carriages 
are  nearly  as  wide  as  those  of  the  seven  foot  gauge;  but  the  extra  width 
of  the  former  is  gained  at  the  expense  of  stability  and  safety — so  by 
the  engines.  Again,  if  wheels  are  to  be  rigidly  fixe,d  on  axles,  and 
axles  have  no  angular  play,  the  narrower  the  gauge  the  easier  the 
curves  are  gone  round,  the  limit  of  easiness  being  \uhen  the  gauge 
vanishes  and  both  rails  fall  into  one  ;  and  so  as  things  are,  the  narrow 
gauge  has  an  advantage  over  the  broad  on  curves  of  equal  radius ;  but 
with  properly  constructed  wheels  and  axles,  such  as  Mr.  Adams  has 
shown  may  be  employed,  there  would  be  no  difference  between  one 
gauge  and  the  other  as  to  ease  of  going  round  a  sharp  curve,  while 
the  advantage  of  resisting  centrifugal  force  would  be  in  favour  of  the 
wide  line,  all  other  things  being  the  same. 

Then  come  the  considerations  of  engine  construction,  which  Stephen- 
son said  rightly  enough  before  the  Gauge  Commission,  resolved  itself 
very  much  into  size  of  boiler.  The  amount  of  traffic  in  a  given  time,  or 
per  train,  and  the  gradients  decide  the  power ;  and  this,  the  width  we 
ought  to  have  for  the  boiler  and  moving  parts  of  the  engine.  Here  the 
considerations  are  manifold  and  intricate  in  detail,  but  the  prime  one 
is  stability  and  a  moderate  length  of  engine  :  and  in  no  one  particular 
does  the  4  ft.  8J  in.  gauge  at  this  moment  show  its  inadequacy  so 
much,  as  in  the  dangerous  instability  of  the  engines  that  has  resulted 
from  the  bit  by  bit  and  piecemeal  accretions  in  magnitude  of  boiler, 
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and  proportionate  increase  in  the  scantlings  of  the  bearing  parts,  and  in 
the  sizes  of  the  power-transmitting  parts  of  these  machines.  At  first,  as 
Stephenson  told  the  Gauge  Commission,  all  the  increase  of  boiier  power 
that  could  possibly  be  wanted  he  had  got  by  increase  of  length  only,  of 
tubes  and  fire  box — even  that  was  far  from  devoid  of  objection,  for  the 
patent  long-boilered  engines  were  at  once  found  to  pitch  fearfully — but 
since  then  the  boilers  have  been  enlarged  in  diameter,  they  have  had 
their  barrels  thrown  up  higher,  and  more  tubes  fitted  into  them;  the 
fire  boxes  have  been  enlarged  and  pushed  out,  and  made  to  overhang 
every  inch  that  is  possible,  and  their  crowns  have  been  raised  to  meet 
the  elevation  of  the  tubes ;  and,  altogether,  the  height  of  the  centre  of 
gravity  of  the  whole  of  the  largest  class  engines  of  to-day,  is  probably 
fully  twice  as  high  above  the  rails,  as  was  that  of  the  like  class  engine 
in  1840. 

The  same  sort  of  thing  has  been  going  on  with  the  trucks  and  with 
the  passenger  carriages,  and  generally  with  every  thing  appertaining  to 
the  railway  stock. 

Had  the  Gauge  Commission  of  1845-46  been  charged  with  its  inquiry 
by  the  French  or  Prussian  governments,  of  even  that  day,  but  certainly 
of  the  present  one,  we  are  much  disposed  to  believe  that  their  con- 
clusions would  have  gone  much  further  than  those  of  the  rather  milk 
and  water  decisions  of  the  gauge  battle;  and  that,  besides  clearly 
enunciating  that  on  trunk  lines  of  communication  there  must  be  no 
breaks  of  gauge,  they  would  not  have  hesitated  to  recommend  that  an 
intermediate  gauge,  above  the  narrow  and  below  the  broad,  should  be 
made  compulsory  on  all,  and  should  within  a  limited  term  of  years 
supersede  both  those  then  existing.  There  was  quite  enough  elicited  in 
evidence  to  show  to  any  moderately  far-seeing  engineer,  that  to  that  it 
might  come  at  last.  And  now,  we  believe,  we  are  joined  by  a  large 
section  of  the  railway  world,  in  thinking  that  it  is  daily  becoming  more 
desirable  to  increase  the  national  gauge,  and  that  before  many  more 
years  shall  have  passed  such  an  increase  must  be  made,  to  meet  the 
growing  amount  of  main  lines  traffic,  and  the  growing  demand  for 
passenger  accommodation,  and  speed. 

But  while  break  of  gauge  on  the  great  reticulation  of  trunk  lines 
throughout  the  country  is  settled  as  for  ever  to  be  avoided,  its  evils 
there  should  not  be  made  a  bugbear  of,  as  they  have  been,  to  prevent 
the  formation,  which  would  be  so  desirable,  in  many  of  the  poorer  parts 
of  our  islands,  and  still  more  in  many  countries  abroad,  of  very  narrow 
gauge  branch  lines  as  feeders  to -the  main  reticulation. 

The  value  of  such  cheap  narrow  gauge  lines  was,  though  with  some 
caution,  fairly  and  well  put  forward  last  year  by  a  gentleman  of  sound 
judgment,  and  well  acquainted  with  all  the  facts  of  railway  engineering 
■ — Captain  Tyler,  R.E. — in  a  paper  descriptive  of  the  Festiuiog  narrow 
gauge  railway  in  North  Wales. 

It  is  not  possible  to  make,  or  to  maintain,  or  to  work  most  cheaply,  a 
wide  gauge  (i.e.,  a  4  ft.  8^  in.)  railway.  >  Everything  in  outlay  for  any 
line,  everything  that  rolls  over  it,  must  be  some  function  of  the  gauge 
or  length  of  axle.  With  all  the  want  of  symmetry  of  constructional 
details  that  the  bit  by  bit  system  (or  no  system)  of  enlargement  has 
produced,  it  will  still  be  found,  if  we  compare  a  7  foot  railway,  a  5  ft. 
3  in.  with  a  4  ft.  8£  in.  and  a  2£  foot  gauge  line  together,  that  the 
expenses  both  for  construction  and  fur  working  increase  faster  than  the 
increment  of  gauge. 

If  we  want  economy,  and  without  economy  poor  districts  and  hilly 
countries  must  remain  without  any  railways  at  all,  we  shall  best,  we 
may  rather  say  zee  can  alone,  obtain  it  by  narrow  gauge  lines,  that  is, 
by  lines  of  from  2i  to  3  ft.  gauge.  While  such  lines  cost  less  in  pro- 
portion to  make  and  work  for  equal  traffic  than  in  the  ratio  of  the 
diminished  gauges,  they  possess  a  carrying  power  in  equal  times  which 
is  larger  than  in  the  ratio  of  the  reduced  gauges.  Hence,  in  part,  their 
great  value,  as  yet  so  inadequately  understood  by  the  orthodox  school 
of  railway  engineers,  and  so  pigheadedly  dismissed  by  some  of  them 
without  thought  or  inquiry,  and  with  no  better  lip  objection  than  that 
between  such  lines  and  the  main  lines  there  must  be  a  break  of  gauge. 
No  doubt  there  must,  just  as  there  is  a  break  of  gauge  at  present 
between  the  main  line  rails  and  the  station  omnibus  or  cab,  or  the 
Pickford  van  and  carrier's  cart.  Let  us  take  time,  however ;  the 
logic  of  facts  will  here,  as  in  all  other  things,  show  who  is  right — the 
unsanctified  ''innovator,"  "the  mere  theorist,"  who  insists  that  a  2i 
foot  railway,  at  £3000  per  mile,  and  eighteen  miles  per  hour  maximum, 
is  better  than  none,  and  sufficient  for  all  the  wants  of  places  and  regions 
that  otherwise  can  have  none,  and  would  prove  blessings  to  the  districts 


through  which  they  were  made,  and  of  immense  advantage  as  "feeders" 
to  main  lines  ;  or  the  orthodox  and  safe  old  gentlemen  who  appeal  to 
"  our  practice  and  all  my  experience,"  and  declare  that  no  line  and  no 
gauge  but  one  of  4  ft.  8J  in.  can  be  anything  but  a  calamity. 

But  here  the  Nemesis  of  the  evil  motives  and  sham  arguments  of  the 
time  of  the  gauge  battle  comes  back  to  us.  The  field  was  ably  then 
manoeuvred  so  that,  once  won,  the  legislature  should  step  in  and  make  the 
Stephenson  victory  permaneut.  No  gauge  now  is  legal  but  4  ft.  8J  in. 
—practically  no  engineer  can  make  one  of  smaller  gauge— for  when 
made,  the  Board  of  Trade  cannot  sanction  its  being  run  upon  for 
passengers.  Captain  Tyler,  R.E.,  in  the  paper  to  which  we  have 
referred,  boldly  expressed  his  opinion  that  the  time  was  now  come 
when  the  legislature  should  give  some  relief  from  the  restrictions 
imposed  twenty  years  ago.     We  entirely  agree  with  him. 

(J'o  be  concluded^) 
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ON  THE  CHANGE  OF  FORM  AND  COLOUR  WHICH  THE  STRATIFIED 
DISCHARGE  ASSUMES  WHEN  A  VARIED  RESISTANCE  IS  INTRO- 
DUCED IN  THE  CIRCUIT  OF  AN  EXTENDED  SERIES  OF  THE  VOLTAIC 
BATTERY.    By  Me.  J.  P.  Gassiot. 

Some  months  since,  the  author  commenced  the  construction  of  a  voltaic  battery- 
consisting  of  4000  insulated  glass  cells,  into  each  of  which,  in  lieu  of  sulphate  of 
copper,  as  used  by  the  late  Prof.  Daniell,  about  a  tablespoonful  of  sulphate  of  mercury 
is  introduced;  the  elements,  carbon  and  amalgamated  zinc  plates,  are  then  inserted, 
and  the  cells  filled  with  rain-water.  In  this  form  of  battery  the  zinc  plates  remain 
apparently  free  from  all  local  action,  and  are  consequently  not  oxidized  or  acted 
upon,  except  when  the  circuit  is  completed.  When  the  battery  is  in  action,  sulphate 
of  zinc  is  obtained  in  solution,  and  the  mercury  that  is  set  free  assists  in  the  amal- 
gamation of  the  zinc  plates;  the  water  being  so  slightly  acidulated,  and  the  resistance 
in  the  carbon  plates  so  much  greater  than  if  this  element  of  the  battery  had  been  a 
metal,  the  amount  of  chemical  action,  and  that  of  the  electrical  force,  is  propor- 
tionately less  than  that  of  the  nitric  acid  battery,  but  the  discharge  is  constant  and 
regular  in  a  most  remarkable  degree.  For  his  researches  upon  these  electric 
stratified  discharges  the  author  has  now  more  than  four  hundred  vacuum-tubes, 
some  exhausted  by  himself,  and  others  by  Gieseler,  of  Bonn.  In  one  of  the  latter 
he  obtained  certain  phenomena  which  it  was  the  more  immediate  obiect  of  this 
communication  to  describe.  The  appearances  in  the  tube,  with  discharges  from 
1200  and  4000  series  of  the  battery  taking  place,  when  a  resistance  of  a  varied 
length  of  a  column  of  distilled  water  is  introduced  into  the  circuit,  were  illustrated 
by  diagrams.  The  water  is  contained  in  a  tube  half  an  inch  in  diameter,  and  three 
feet  long;  two  wires  are  introduced  into  it,  one  being  connected  with  one  terminal 
of  the  battery,  and  the  other  with  the  vacuum-tube,  while  by  raising  or  lowering 
either  of  the  wires  the  length  of  the  column  of  water  remaining  in  the  current  is 
increased  or  diminished,  and  in  this  way  the  amount  of  resistance  can  be  altered 
with  great  facility.  When  one  wire  is  inserted  in  the  water,  and  the  other  touches 
the  moistened  surface  of  the  glass,  but  is  not  in  actual  contact  with  the  water,  a 
luminous  discharge  will  be  observed,  filling  the  entire  tube,  without  any  sign  or 
appearance  of  stratification.  On  depressing  the  wire  and  thus  bringing  it  into 
contact  with  the  surface  of  the  water,  small  crescent-shaped  discs  of  red  light  are 
observed  to  be  rapidly  produced  in  quick  succession  from  the  positive  pole ;  on 
shortening  the  resistance  by  further  depression  of  the  wire,  the  discs  commence 
receding,  one  by  one  disappearing  at  the  positive  terminal,  until  nineteen  remain  ; 
these  are,  however,  much  increased  in  brilliancy  and  definition.  From  this  condition 
of  the  discharge  a  remarkable  change  takes  place  on  further  depressing  the  wire, 
and  reducing  the  resistance ;  the  two  discs  nearest  the  negative  terminal  then  join 
together,  assuming  the  form  of  a  double-convex  lens,  the  side  facing  the  negative  being 
of  a  slight  blue  tinge,  that  towards  the  positive  of  a  reddish  fawn  colour,  and  the  centre 
a  brilliant  red  colour.  At  the  instant  this  change  of  form  and  colour  takes  place  in 
the  two  discs,  another  crescent-shaped  disc  simultaneously  appears  at  the  positive 
terminal,  and  as  the  depression  of  the  wire  in  the  water  is  continued,  each  of  the  two 
discs  nearest  the  negative  terminal  will  successively  join,  and  assume  the  double-con  vex 
form  described ;  at  every  such  change  another  crescent-shaped  disc  simultaneously 
appearing.  When  the  circuit  is  completed  without  any  resistance  of  water  being 
introduced  in  the  current,  all  the  nineteen  strise  assume  the  double-convex  form,  the 
blue  being  far  more  intense  or  vivid,  particularly  in  those  nearest  the  negative ;  the  red 
line  in  the  centre  continuing  in  all.  In  this  state  of  the  discharge  the  tube  was 
placed  between  the  poles  of  a  very  powerful  electro-magnet,  and  immediately  the 
discs  separate,  precisely  as  if  a  resistance  had  been  introduced,  but  being  deflected 
to  the  upper  or  lower  part  of  the  tube,  according  to  the  direction  of  the  magnetic 
power.  On  the  sides  of  the  tube,  where  four  or  five  of  the  discs  nearest  the  negative 
impinge,  there  remains  a  black  deposit  similar  to  that  deposited  from  the  negative 
metallic  wires  by  an  induction  coil.  Until  the  author  can  obtain  another  tube 
which  will  exhibit  the  same  results,  he  does  not  like  to  risk  its  destruction,  and  is 
thus  prevented  from  continuing  the  experiment  to  the  extent  he  desires  ;  but  if  it 
is  found  that  a  deposit  can  be  obtained  at  defined  portions  of  the  stratified  dis- 
charge, it  may  probably  assist  in  explaining  phenomena  which  have  hitherto  baffled 
the  exertions  of  every  electrician. 
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OX  SOME  NEW  ARRANGEMENT  OF  THE  POLES  OF  MAGNETS. 
By  Capt.  Ssuuwnr. 

It  is  well  known  that  in  ordinary  steel  bars  which  have  been  magnetized  two 
poles,  which  may  be  called  the  main  poles,  are  constantly  found  at  the  ends  of  the 
bar,  of  which  one  is  always  called  the  north,  the  other  the  south  pole.  It  has  been 
frequently  remarked,  however,  that  this,  scientifically  speaking,  is  a  misnomer,  as  it 
is  evident  that  the  north  pole  of  a  magnet  cannot  be  attracted,  but  will  be  repelled, 
by  the  north  pole  of  the  world ;  and,  vice  versa,  the  south  end  of  a  magnet  will  be 
attracted,  and  not  repelled,  by  the  north  pole.  Another  phenomenon  connected  with 
magnets  is  also  well  understood,  namely,  that  there  may  be  a  succession  of  north 
and  south  poles  in  a  bar  magnet;  and  it  has  recently  been  demonstrated,  in  the 
course  of  experiments  for  producing  magnetic  adhesion  of  the  driving  wheels  of  loco- 
motive engines  to  the  rail,  that  it  is  possible  to  induce  intense  temporary  magnetism  in 
that  point  of  an  iron  wheel  which  for  the  moment  during  its  revolution  occupies  the 
centre  of  a  coil  of  insulated  copper  wire  through  which  a  current  of  electricity  is 
passing,  and  solely  at  the  point  where  the  wheel  touches  the  rail.  But  the  author 
believed  that  it  had  not  been  hitherto  understood  that  the  distribution  of  the  poles 
in  magnets  is  entirely  arbitrary,  that  is,  that  it  may  be  varied  at  the  will  of  the  ope- 
rator, or  t bat  the  two  ends  of  a  bar-magnet  might  have  similar  polarity.  By  a 
certain  manipulation  magnets  may  be  made  of  which  both  ends  possess  north  polarity 
or  south  polarity  at  will ;  and  under  these  circumstances  the  place  of  both  the  south 
or  both  the  north  poles  will  be  found  in  close  juxtaposition  in  the  centre  of  the  bar, 
producing  therefore  a  needle  which  has  as  much  tendency,  if  not  more,  to  point  east 
and  west  as  north  and  south.  The  process  by  which  these  effects  are  produced  is  to 
take  out  the  temper  of  the  bar,  at  any  point  where  it  is  desired  the  two  poles  shall 
be  in  proximity,  by  a  rod  of  heated  metal  or  by  the  blow-pipe.  This  operation, 
while  seemingly  leaving  the  bar  intact,  has  separated  the  two  magnets,  though  the 
ends  will  stiil  be  respectively  north  and  south  poles.  If  now  the  north  pole  of  a 
strong  magnet  be  used  and  drawn  from  the  centre  of  the  bar  towards  the  north  end 
of  the  prepared  needle,  the  polarity  of  that  half  will  be  reversed  without  affecting 
the  other  end,  and  by  a  series  of  careful  touches,  both  ends  will  become  equally- 
balanced  south  poles,'  as  in  a  specimen  exhibited  to  the  meeting.  If  the  bar  has 
been  softened  in  more  than  one  place,  a  series  of  magnets  may  be  produced  in  the 
same  piece  of  steel  with  similar  or  dissimilar  poles  in  juxtaposition.  Astatic  needles 
have  been  constructed  by  opposing  the  force  of  a  pair  of  needles,  for  galvanometric 
purposes;  here  we  may  evidently  obtain  the  same  results  with  a  single  one.  The 
deviation  of  the  compasses  of  iron  ships  may  also  be  influenced  by  this  fact.  The 
author  then  referred  to  a  form  of  pocket  galvanometer  for  giving  approximately 
accurate  measurement  of  the  force  of  a  current  derived  from  a  battery,  through  a 
coil  of  insulated  wire  deflecting  a  magnetic  needle  placed  within  it.  The  needle  is 
deflected  by  a  force  varying  as  the  square  of  the  distance  between  the  coil  and  the 
magnet;  as  this  distance,  however,  is  increased  by  the  deflection  until  an  angle  of 
90°  is  attained,  it  follows  that  the  force  is  constantly  diminishing,  and  that  in  a  half 
circle,  divided  as  usual  into  degrees,  an  angle,  for  example,  of  10°  does  not  repre- 
sent half  the  force  required  to  deflect  the  needle  20°,  nor  that  again  half  the  required 
force  to  deflect  it  to  40°;  but  a  different  form  of  scale  is  required,  having  divisions 
decreasing  with  the  decreasing  force  of  the  current.  Even  this  as  it  is  used  by  M. 
Gaugain  pre-supposes  an  unattainable  condition,  namely,  that  the  needle  is  a  point 
having  no  appreciable  length.  Although  SI.  Gaugain's  galvanometer  is  sufficiently 
accurate  for  ordinary  electrical  work,  its  want  of  portability  is  a  serious  defect. 
Now  as  the  magnet  itself  acts  on  the  same  law  of  the  squares  of  the  distance,  it  is 
evident  that  a  fixed  magnet,  parallel  to  the  coil,  would  lose  its  attractive  effect  on 
the  pivoted  needle  in  the  same  proportion  as  the  current  loses  its  repulsive  effect 
by  reason  of  the  increasing  distance  and  angle  of  deflection.  The  author  suggests, 
therefore,  that  the  addition  of  a  fixed  magnet  to  the  back  of  a  pocket  galvanometer 
would  meet  the  difficulties  hitherto  experienced  as  to  measurement,  while  giving 
some  collateral  advantages,  as  that  we  might  thus  obtain  a  sensitive  horizontal 
instrument  without  being  obliged  to  place  it  in  the  magnetic  meridian  to  obtain  the 
zero ;  or  by  approaching  or  withdrawing  the  compensating  magnet  we  may  make 
it  proportionately  sensitive,  while  the  same  instrument  may  be  either  horizontal  or 
vertical,  and  will  not  be  affected  by  the  oscillations  of  a  ship. 


ON  THE  HEAT  ATTAINED  BY  THE  MOON  UNDER  SOLAR  RADIATION. 
By  Mb.  J.  P.  Habeison. 

No  systematic  inquiry  into  the  amount  of  heat  attained  by  the  moon  during  her 
exposure  to  the  sun's  rays  having  been  hitherto  undertaken,  the  author  drew  atten- 
tion to  the  subject,  not  only  on  account  of  its  intrinsic  importance,  but  also  as 
bearing  on  the  question  of  the  dispersion  of  cloud  and  vapour  which  is  thought,  on 
the  high  authority  of  Sir  John  Herschel,  to  be  due  to  the  dark  heat  emanating  from 
the  surface  of  our  satellite.  It  is  generally  admitted  that  no  heat  reaches  the  most 
delicate  thermometers  at  the  ordinary  level  of  observation ;  but  the  fact  of  a  small 
modicum  of  heat  having  been  detected  by  Prof.  Smyth,  at  Teneriffe,  justifies  the 
assumption  that  the  moon's  radiant  heat  is  expended  in  dispelling  light  clouds  and 
vapour  before  it  reaches  the  earth's  surface.  The  fact  of  there  being  more  clear  sky 
in  the  second  half  of  the  lunation  is  supported  by  the  testimony  of  eminent  physic- 
i-ts.  especially  by  M.  Poey,  of  the  Havannah  Observatory,  who  has  found  by  obser-. 
vation  that  the  lunar  halos  reached  a  maximum  shortly  after  the  first  quarter,  but 
were  entirely  wanting  at  full  moon.  The  solar  radiation  poured  upon  the  moon  for 
so  many  hours  without  intermission,  in  regular  succession,  but  not  fur  an  equal 
period,  so  far  as  the  parts  exposed  to  our  view  are  concerned,  Sir  John  Herschel 
describes  as  "unmitigated  and  burning  sunshine,  fiercer  than  an  equatorial  noon ;" 
and  he  adds,  that  this  would  probably  raise  the  temperature  of  the  moon  fur 
beyond  212°  F.  This  estimate  refers  to  the  heat  of  the  moon's  hemisphere  at  the 
period  of  opposition.  But,  on  the  assumption  that  the  moon's  crust  is  constituted 
geologically  like  the  earth,  different  parts  of  her  surface  would  not  attain  the  same 
degree  of  heat.  An  inspection  of  any  good  map  of  the  moon,  or  one  of  Sir.  Dc  La 
Rue's  photographs,  will  show  that  nearly  two-thirds  of  the  hemisphere  turned 
towards  us  is  honeycombed  with  gigantic  craters,  and  covered  with  the  debris  of 
most  stupendous  volcanic  eruptions,  the  region  in  which  Tycho  is  situated  forming  a 


principal  part  of  the  whole  extent,  and  being  conspicuous  to  the  naked  eye  from  its 
superior  brightness.  That  region  should,  therefore,  absorb  less  heat,  in  proportion 
to  its  reflecting  properties.  On  the  other  hand,  the  greater  portion  of  the  dark 
surface  of  the  moon  lying  to  the  west  of  Tycho  and  forming  a  succession  of  plaius 
once  considered  to  be  seas,  would  absorb  and  radiate  heat  in  the  inverse  ratio  to 
their  non-reflecting  surfaces.  Another  dark  region  of  less  extent  lies  to  the  north- 
east of  Tycho.  The  above  facts  must  be  borne  in  mind  in  considering  the  question 
of  the  heat  attained  by  the  moon  at  the  periods  of  opposition  and  quadrature. 
The  whole  surface  of  the  moon  being  exposed  in  turn  for  from  about  thirteen  to 
rather  more  than  sixteen  days  to  the  solar  rays,  in  speaking  of  the  heat  which  our 
satellite  attains  it  must  not  be  considered  that  equal  surfaces  illuminated — e.g.,  at 
the  first  and  third  quarters — are  equally  heated  because  so  illuminated,  or  without 
reference  to  the  duration  of  the  sun's  radiation  upon  them.  On  the  contrary,  at  the 
day  of  first  quarter,  the  region  of  the  moon  which  has  received  the  rays  of  the  sun 
for  a  mean  period  of  nearly  three  and  three-quarter  days,  after  being  subjected  to 
the  most  intense  cold  during  the  moon's  long  night,  has  been  gradually  warming  up 
to  the  time  it  completes  its  first  quarter;  the  region  opposite  the  earth  having 
received  the  heat  of  the  sun's  rays  for  only  about  tbur-and- twenty  hours — a  period 
manifestly  insufficient  for  any  surplus  heat  to  have  bceu  absorbed  even  if  the  region 
had  been  favourable  for  storing  radiant  heat.  At  the  period  of  last  quarter,  on  the 
other  hand,  the  surface  illuminated  will  have  been  heated  twice  as  long  as  at  the 
first  quarter — namely,  for  a  mean  duration  of  seven  and  a  half  days ;  and  not  only 
so,  but  at  the  time  when  the  moon  completes  her  third  or  last  quarter,  a  similar 
surface  to  that  at  first  quarter  will  have  received  the  heat  of  the  sun's  rays  for  360 
in  place  of  24  hours,  with  this  additional  peculiarity,  that  the  surface  generally  will 
be  a  good  absorber  of  heat.  The  heat  of  the  moon  at  the  last  quarter  might,  on 
like  grounds,  be  shown  to  be  greater,  or  certainly  not  less,  than  at  the  full.  It  will 
be  sufficient,  however,  to  point  out  that  at  the  period  of  maximum  heat  that  portion 
of  the  moons  fully  illuminated  hemisphere  opposite  to  us,  and  which  radiates  heat 
directly  towards  the  earth,  is  not  heated  so  intensely  at  the  full  as  at  the  last  quar- 
ter, or  for  a  day  or  so  after  that  phase — the  ratio  in  favour  of  the  latter  portion 
being  nearly  two  to  one;  whilst  the  ratio  in  favour  of  the  last  quarter,  compared 
with  a  corresponding  region  in  the  first  quarter,  is  rather  more  than  fifteen  to  one, 
the  measure  being  the  duration  of  solar  radiation  without  reference  to  the  surfaces 
on  which  it  falls.  Doubtless  the  absence  of  an  atmosphere  must  cause  the  moon's 
surface  to  radiate  heat  more  rapidly  than  is  the  case  with  the  earth ;  still  it  is  im- 
possible to  believe  but  that  a  considerable  quantity  of  the  heat  received  from  the 
sun  is  absorbed  at  any  rate  by  the  dark  plains  or  "seas"  of  the  moon,  more 
especially  as  the  solar  heat  is  unmitigated  and  constant  for  so  many  of  our  days, 
without  the  intermission  of  night. 

Mr.  Harrison  exhibited  a  curve  of  mean  temperature  at  Greenwich  for  fifty  years, 
confirming  a  former  one  published  in  the  British  Association  Report  for  1859,  and 
showing  how  exactly  the  period  of  the  greatest  heat  of  the  lunar  surface  synchron- 
ized with  the  period  of  greatest  mensual  cold  in  the  terrestrial  atmosphere;  and 
conversely,  the  period  of  greatest  cold  of  the  moon's  surface  as  coinciding  with  the 
period  of  greatest  nocturnal  heat  at  Greenwich. 


ON  THE  MANUFACTURE  OF  CAST  STEEL;  ITS  PROGRESS  AND  EMPLOY, 

MENT  AS  A  SUBSTITUTE  FOR  WROUGHT  IRON.  Br  Ma.  H.  Bessem— 
The  paper  opened  with  a  review,  of  the  inventions  which  had  finally  resulted  in 
the  establishment  of  "  Bessemer  "  ironworks  throughout  the  country.  It  pointed 
out  at  some  length  how  the  disadvantage  of  the  old  fixed  converting  vessel  was 
remedied,  and  other  improvements  introduced.  In  1839.  the  trade  of  Sheffield 
received  an  enormous  impulse  from  the  invention  of  Josiah  Heath,  who  patented  in 
this  country  the  employment  of  metallic  manganese,  or,  as  he  called  it,  "  carburet 
of  manganese."  The  addition  of  a  small  quantity  of  this  metal,  say  from  §  to  1 
per  cent.,  rendered  the  inferior  coke-made  irons  of  this  country  available  for  making 
cast  steel.  It  removed  from  these  inferior  qualities  of  iron  their  "red  shortness," 
and  conferred  on  the  cast  steel  so  made  the  property  of  welding  and  working 
soundly  under  the  hammer.  Sir.  Heath,  supposing  himself  secure  in  his  patent, 
told  his  licensees  that  if  they  put  oxide  of  manganese  and  coal  tar  or  other  carbon- 
aceous matter  into  their  crucibles  along  with  the  blister  steel  it  would  do  as  well 
and  be  much  cheaper  than  the  carburet  of  manganese  he  was  selling  them  ;  in 
effect,  it  was  the  same  thing:  for  before  the  steel  was  melted  the  carbon  present 
reduced  the  oxide  of  manganese  so  that  the  patent  carburet  of  manganese  was 
formed  in  the  crucible  in  readiness  to  unite  with  the  steel  as  soon  as  it  became  per- 
fectly fused.  But  the  law  decided  that  this  was  not  Heath's  patent,  and  so  the 
people  of  Sheffield,  after  many  years  of  litigation,  were  allowed  to  use  it  without 
remuneration  to  the  inventor.  Manganese  had  now  been  used  for  many  years  in 
every  cast-steel  works  in  Europe.  It  mattered  not  how  cast  steel  was  made,  since 
manganese  added  to  it  necessarily  produced  the  same  beneficial  changes.  No  one 
appreciated  the  fact  better  than  the  unfortunate  Mr.  Heath,  as  evidenced  by  his 
patent  of  1839,  in  which  he  declared  that  his  invention  consisted  in  the  use  of 
"carburet  of  manganese,  in  any  process  whereby  iron  is  converted  into  cast  steel." 
Had  Heath  seen  in  his  own  day  the  Bessemer  process  in  operation,  he  could  not 
have  said  more.  When  this  patent  of  Heath's  expired,  and  became  public  property, 
coupled  with  the  universal  addition  of  manganese  and  carbon  to  cast  steel,  it  would 
naturally  be  supposed  that  the  author,  in  common  with  the  rest  of  mankind,  would 
have  been  allowed  to  share  the  benefit  which  Heath's  invention  had  conferred  on 
the  whole  community,  but  it  was  not  so.  The  reading  of  the  author's  paper  on  the 
subject,  at  Cheltenham,  in  1856,  led  to  great  expectations  as  to  the  value  of  the 
new  process,  and  licenses  to  manufacture  malleable  iron,  under  the  patent,  were  pur- 
chased by  ironmasters,  to  the  extent  of  £25,000  in  less  than  twenty-five  days  from 
the  reading  of  the  Cheltenham  paper.  Great  excitement  existed  at  the  moment  in 
the  iron  trade,  and  many  persons  seemed  to  covet  a  share  in  an  invention  that  pro- 
mised so  much.  There  was  consequently  a  general  rush  to  the  Patent  Office. 
Some  of  the  gentlemen  who  applied  even  re-patented  some  of  the  writer's  own 
patents,  while  others  patented  tilings  in  daily  use,  in  order  that  they  might  be 
considered  new,  when  added  to  the  products  of  the  new  process,  and  amongst  others, 
Mr.   Mushet  patented  the  use  of  manganese  in  the  manufacture  of  steel  by  the 
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author's  process.  The  paper  described  the  features  of  the  numerous  patents 
applied  for  within  six  weeks  of  the  reading  of  the  paper  at  Cheltenham,  and  if 
that  long  series  of  patents  could  have  heen  sustained  in  law,  it  would  have  heen 
utterly  impossible .  for  the  author  to  have-employed  manganese  with  steel  made  by 
his  process,  although  it  was  considered  by  the  trade  to  be  impossible  to  make  steel 
from  coke-made  iron  without  it.  Soon  after  the  reading  of  the  Cheltenham  paper, 
several  rough  trials  of  the  Bessemer  process  were  made  privately,  by  persons  in  the 
iron  trade,  and  defects  discovered  which  were  supposed  by  practical  men  to  be 
perfectly  fatal  to  the  invention.  The  Press  then  spoke  of  the  utter  impracticability 
of  the  process,  and  of  regrets  that  the  high  expectations  originally  formed  were  so 
fallacious ;  but  the  storm  gradually  subsided,  and  the  process  and  its  author  were 
soon  entirely  forgotten.  Imperfections  in  the  process  there  certainly  were,  but  the 
author  had  had  the  most  irrefragable  proof  of  the  correctness  of  the  theory  on  which 
, his  invention  was  based,  and  also  that  the  reasoning  on  which  it  was  so  utterly 
condemned  by  the  trade  was  in  itself  wholly  fallacious.     He  therefore  decided  not 

■  to  argue  the  question  against  a  hundred  pens',  but  to  energetically  prosecute  his 
experiments,  and  to  remain  silent  until  he  could  bring  the  process  to  a.  commercial 
success.  When,  at  the  expiration  of  three  years  of  incessant  labour  on  the  part  of 
himself  and  his  partner,  Mr.  Longsdon,  and  an  expenditure  of  more  than  £10,000, 
the  process  was  again  brought  before  the  public,  not  the  slightest  interest  was  mani- 
fested by  the  trade.  This  was  discouraging,  and  one  of  two  things  became  impera- 
tive ;  either  the  invention  must  be  abandoned,  or  the  writer  must  become  a  steel 
manufacturer.  The  latter  alternative  was  unhesitatingly  accepted,  and  Messrs. 
Henry  Bessemer  &  Co.  determined  to  erect  a  steel  works  at  Sheffield,  in  the  very 
heart  of  the  stronghold  of  steel  making.     At  these  works  the  process  bad  ever  since 

■  been  successfully  carried  on  ;  it  had  become  a  school  where  dozens  of  practical 
steel-makers  received  their  first  lessons  in  the  new  art,  and  was  the  germ  from 
which  the  process  had  spread  into  every  state  in  Europe,  as  well  as  to  India  and 
America.  By  the  time  the  new  works  at  Sheffield  had  got  into  practical  operation, 
the  invention  had  sunk  so  low  in  public  estimation,  that  it  was  not  thought  worth 
while  paying  the  £50  due  at  the  expiration  of  three  years  on  Mr.  Mushet't'  large 
batch  of  manganese  patents.  They  were  consequently  allowed  to  lapse  and  become 
public  property  The  author  had  therefore  used  without  scruple  any  of  the 
numerous  patents  for  manganese  without  feeling  an  overwhelming  sense  of  obligation 

'to  the  patentee.  At  the  suggestion  of  the  author,  works  for  the  production  of 
manganese  and  alloys  were  erected  by  Mr.  Henderson  at  Glasgow,  who  now  made 
a  very  pure  alloy  of  iron  and  manganese,  containing  from  25  to  30  per  cent,  of  the 
latter  metal,  and  possessing  many  advantages  over  Spiegel  Eisen,  which  it  would 
doubtless  replace  in  the  process.  Specimens  of  steel  manufactured  by  this  process, 
and  afterwards  bent  and  tested  in  every  way,  were  exhibited  on  a  table  in  the  room. 
— The  paper  proceeded  to  notice  some  of  the  more  important  applications  of  steel 
as  a  substitute  for  wrought  iron.  In  no  case,  it  was  pointed  out,  was  this  change 
of  material  more  important  than  in  the  construction  of  ships,  for  in  no  instance 

-were  strength  and  lightness  more  essential.     Bessemer  cast-steel  ship-plates  were 

■  then  described,  and  their  advantages  illustrated  by  facts  and  statistics.  The 
advantages  had  not  escaped  the  attention  of  Mr.  Reed,  the  Constructor  of  the  Navy, 
and  the  public  would  doubtless  soon  have  substantial  proof  of  what  might  be  effected 
by  the  employment  of  steel  in  the  construction  of  ships.  The  application  of  steel 
to  projectiles  was  next  considered.  Next  its  uses  for  railway  purposes,  such  as 
the  manufacture  of  engine  cranks,  axles,  tires  of  wheels,  and  even  rails.     The  paper 

^described  successful  experiments  which  had  been  made  in  the  use  of  cast  steel  for 
;  these  purposes.  The  paper  concluded  by  stating  that  cast  steel  was  now  being  used 
.ias  a  substitute  for  iron  to  a  great  and  rapidly-increasing  extent.  There  were  now 
i-seventcen  extensive  Bessemer  steel  works  in  Great  Britain.  There  were  at  present 
•erected  and  in  course  of  erection  in  England  no  less  than  sixty,  converting  vessels, 

-  each  capable  of  producing  from  3  to  10  tons  at  a  single  charge.     When  in  regular 

-  operation,  those  vessels  were  capable  of  producing  fully  6000  tons  of  steel  weekly, 
*  or  equal  to  fifteen  times  the  entire  production  of  cast  steel  in  Great  Britain  before 
1  the  intioduction  of  the  Bessemer  process.  The  average  selling  price  of  this  steel 
i  isiat  least  £20  per  ton  below  the  average  price  at  which  cast  steel  was  sold  at  the 
1  period  mentioned.     With  the  present  means  of  production,  therefore,  a  saving  of 

■no  less  than  £6,240,000  per  annum  might  be.effected  in  Great  Britain  alone,  even 
in  the  present  infant  state  of  the  steel  manufacture. 

A  discussion  followed,  in  which  Mr.  F.  J.  Bramwell  inquired  if  the  process  was 
suitable  for  the  manufacture  of  wrought  iron.— Mr.  Bessemer  said  that  wrought  iron 
could  be  produced  by  the  process  he  had  described,  but  that  the  bulk  of  British  ores 
were  not  suitable-   there  was  too  mych  phosphorus  and  sulphur  In  them.     Haematite 
was  specially  adapted  for  the  purpose.     A  mixture  of  Scotch  iron  was,  however,  now 
bein»  used  with  great  success  as  well  as  Blenavon  pig.     He  also  stated  that  only 
2i  p"er  cent,  of  ircn  was  destroyed  in  his  process,  against  7  and  8  per  cent,  by  the 
ordinary  process  of  puddling.— Mr.  S.  Lloyd,  of  Wednesbury,  as  a  practical  iron 
maker,  bore  testimony  to  the  value  of  the  Bessemer  process. — Mr.  Fairbairn  had  no 
doubt  'that  the  improvements  introduced  by  Mr.  Bessemer  would  lead  to  material 
changes  in  the  manufacture  and  use  of  iron. — Dr.  Price  stated  that  the  introduction 
of  the  sulphur  was  due  in  a  great  measure  to  the  fuel  employed ;  and  as  it  has  been 
proved  by  careful  research  that  all  the  phosphoric  acid  in  the  materials  melted  at 
English  works  was  reduced  to  phosphorus  which  combined  with  the  iron,  it  would 
be  of  great  value  to  the  ironmaster  if  Mr.  Bessemer  could  state  what  was  the  maxi- 
mum amount  of  phosphorus  that  pig  iron  might  contain  to  be  available  for  conversion 
by  his  process,  as  it  could  then  be  predetermined  whether  the  iron  would  suit  for 
this  purpose.— Mr.  Bessemer  replied,  0'1  per  cent,  of  phosphorus  might  be  present 
in  the  pig.— Mr.  E.  A.  Cowper  pointed  out  that  by  the  use  of  Siemens'  furnaces  the 
introduction  of  sulphur  was  avoided.— Mr.  G.  T.  Gorenson  said  the  success  of  the 
process  depended  upon  the  purity  of  the  pig  iron  employed. — The  Mayor  (Mr.  H. 
Wiggin)  said  he  had  paid  great  attention  to  the  invention  of  Mr.  Bessemer,  and  he 
was  convinced  it  was  one  of  the  greatest  improvements  that  had  been  introduced  in 
connection  with  metallurgy  for  many  years. — Mr.  Le  Neve  Foster  called  attention 
to  a  paper  by  Dr.  Phipson,  in  which  the  author  had  raised  the  question  how  far  the 
injury  in  the  manufacture  was  due  to  phosphorus  and  sulphur,  ami  whether  it  was 
not  due  to  silicon  in  certain  forms. — Mr.  Abel  said  the  Chemical  Section  had  thought 
the  subject  of  so  much  importance  that  they  had  resolved  to  institute  a  series  of 


strictly  scientific  experiments  for  the  purpose  of  ascertaining  what  influence  each 
element  in  minute  quantities  had  on  the  quality  of  the  metal  when  produced. — Mr. 
C.  W.  Siemens  said  there  was  no  doubt  of  the  fact  that  by  the  use  of  his  furnaces 
the  gas,  though  produced  from  fuel  containingsulphur,  did  not  impart,  but  actually 
abstracted  sulphur. — Mr.  Bessemer  stated  that  by  his  process  all  the  silicon  was 
readily  got  rid  of.— Sir  W.  Armstrong,  in  conveying  the  thanks  of  the  Section  to 
Mr.  Bessemer,  congratulated  him  on  the  success  which  had  at  length  attended  his 
long-continued  and  most  persevering  labours.— This  paper  was  considered  so  impor- 
tant, that  it  has  been  recommended  for  publication  at  length  in  the  "Transactions" 
of  the  Association. 


ON  SOME  OF  THE  CAUSES.  OP  THE  FAILURE  OF  DEEP-SEA  CABLES, 
AND  EXPERIMENTAL  RESEARCHES  ON  THE  PERMANENCY  OF  THE 
INSULATORS.    By  Mb.  W.  FAinBAia-i. 

The  author  said,  the  recent  disaster  and  loss  of  the  greater  portion  of  the  Atlantic 
Cable  is  one  of  those  casualties  which  may  be  considered  national,  and  may  be  looked 
upon  as  a  misfortune  much  to  be  regretted,  as  it  delays  the  completion  of  one  of  the 
most  arduous  enterprises  that  has  taken  place  in  marine  telegraphy.  It  is,  however, 
suggestive  of  improvements,  and  of  the  removal  of  impediments  which  seem  to  have 
beset  the  last  attempt  to  submerge  what  was  considered  the  best  and  most  effective 
construction  for  a  durable  and  certain  communication  between  this  country  and 
America.  The  lost  cable,  or  that  part  of  it  which  now  rests  as  a  lifeless  thread  at 
the  bottom  of  the  Atlantic,  was  unanimously  selected  by  the  scientific  committee  to 
whom  was  intrusted  a  long  series  of  laborious  experiments  to  determine  the  strength 
and  other  mechanical,  chemical,  and  electrical  properties  of  the  material  of  which  it 
was  composed,  and  it  may  be  interesting  for  the  Section  to  know  how  these  experi- 
ments were  conducted,  and  to  what  extent  they  were  calculated  to  form  a  safe  and 
durable  cable.  For  these  details,  the  author  referred  his  audience  to  his  paper 
published  in  the  "Transactions"  of  last  year,  in  which  would  be' found  the  mechanical 
properties  of  this  and  other  cables,  submitted  to  various  experimental  tests.  In 
this  report,  the  results  deduced  from  these  experiments  are  given,  and  we  have  now 
to  inquire  how  far  they  were  conducive  to  carry  out  the  objects  of  the  Company  in 
establishing  a  safe  and  effective  communication  between  Valentin  and  Newfound- 
land. It  will  be  noticed  that  the  late  failure  of  the  insulation,  submergence,  &c, 
is  not  art  uncommon  occurrence.  On  the  contrary,  it  has  been  estimated  that  out 
of  about  14,000  miles  of  cable  that  have  .been  so  laid,  nearly  three -fourths  of  that 
length  have  i'een  failures,  and  that  at  the  present  time  not  more  than  from  4000  to 
5000  miles  are  in  successful  operation.  These  repeated  failures  and  loss  of  property 
arc  much  to  be  deplored;  but  they  have  been,  like  the  last  great-failure,  fruitful  as 
the  means  of  accumulating  a  vast  amount  of  experience,  and  have  suggested  remedies 
for  the  almost  inevitable  difficulties  that  have  to  be  surmounted.  There  are,  how- 
ever, two  things  in  .marine  telegraphy  which  require  special  attention,  viz.,  the 
manufacture  of  the  cable',  and  its  submergence  in  deep  water.  In  the  first,  we  may 
venture  to  assume  that  the  conducting  wires,  insulation,  and  strength  of  the  cable 
are  satisfactory,  and  that  we  have  nothing  more  to  do  than  to  lay  it  quietly  in  the 
bed  of  the  ocean.  The  recent  defects  of  the  Atlantic  cable,  and  the  imperfect 
insulation  of  others,  are,  however,  important  lessons,  which  prove  the  necessity  of 
vigilant  inspection  of  every  yard  of  cable  as  it  is  manufactured  in  the  first  instance, 
and  its  careful  preservation  until  it  is  safely  deposited  at  the  bottom  of  the  ooean,  in 
the  second.  All  these  conditions  were  supposed  to  have  been  carefully  attended  to 
in  the  manufacture  of  the  Atlantic  cable.  When  it  was  run  from  the  machines  into 
the  water-tanks  at  the  manufactory;  from  these  again  into  the  steamer  conveying 
it  to  Sheerness ;  and  ultimately  into  those  of  the  Great  Eastern  ship,  where  it  was 
carefully  coiled  for  final  immersion — every  possible  care  was  taken.  But,  notwith- 
standing the  precautions  exercised  by  the  manufacturing  company,  small  pieces  of 
-wire,  on  three  different  occasions,  were  found  sticking  in  the  cable,  in  contact  with 
the  conducting  wires,  and  destructive  to  the  insulation.  Now,  these  very  trifling 
circumstances  were  the  whole  and  the  sole  cause  of  the  loss  of  the  cable,  and  it  may 
be  necessary,  as  we  proceed,  to  advert  to  the  subsequent  trials  of  underlaying, 
dredging,  fishing,  and  hauling  which  ensued,  and  which  finally  terminated  in  the 
loss  of  nearly  two-thirds  of  the  cable. — In  the  author's  paper  of  last  year  a  full 
account  of  the  experiments  and  results  which  led  to  the  manufacture  of  the  present 
cable  was  given,  and  he  closed  with  the  remark,  that  he  "  had  not  entered  upon  the 
process  of  immersion,  either  in  tanks  or  the  sea ;  and  the  questions  of  coiling,  ship- 
ping, submersion,  &c,  were  left  for  future  inquiry."  The  author  had  hoped  that 
this  inquiry  would  not  have  been  necessary,  excepting  only  to  prove  that  the 
machines  and  every  other  appliance  on  board  the  Great  Eastern  had  effectually  per- 
formed their  respective  duties,  and  that  we  had  only  to  record  them  as  contributory 
to  one  of  the  most  successful  enterprises  that  had  been  achieved  in  modern  times. 
In  these,  our  most  sanguine  hopes,  we  have  been  disappointed ;  and  we  have  simply 
to  inquire  what  extra  precautions  should  be  taken  to  prevent  a  similar  occurrence  in 
laying  the  next  cable,  which  the  author  has  every  hope  will  be  done,  with  perfect 
success  and  without  interruption,  at  the  bottom  of  the  Atlantic.  Having  spoken 
approvingly  of  the  paying-out  machinery  on  board  the  Great  Eastern,  he  proceeded 
to  discuss  the  difficulties  in  paying  out  a  cable  of  great  weight  and  strength  arising 
from  kinks  proceeding  from  the  twist  which  it  receives  in  coiling.  Smaller  and 
lighter  cables  might  be  put  on  reels  and  so  paid  out  without  fear  of  kinks,  but  for 
heavy  cables  the  coil  is  the  only  suitable  plan.  On  the  subject  of  the  manufacture 
and  of  splicing,  the  paper  went  on  to  say  greater  care  must  be  taken.  If  the  short 
pieces  of  wire  which. penetrated  the  gutta  percha  had  not  been  there,  the  cable  would 
at  the  present  moment  have  been  in  full  activity,  and  in  regular  communication  with 
the  American  States;  and  it  is  much  to  be  regretted  that  this  cable,  so  strong  and 
so  powerful  in  its  resistance  to  strain,  so  well  executed,  and  so  full  of  promise,  should 
have  failed  from  such  small  and  -preventible  causes.  With  regard  to  the  Great 
Eastern  ship,  never  was  a  company  more  fortunate  in  having  such  a  vessel  for  such 
a  purpose.  She  proved  herself  everything  that  could  be  wished  for.  Her  easy, 
steady  motion  was  just  what  was  required  for  paying  out  the  cable,  and  its  relief 
from  any  undue  strain  by  the  pitching  of  the  vessel  renders  the  big  ship  exclusively 
calculated  for  the  submergence  of  submarine  cables  in  deep  water.  She  is  the  very 
thing  that  is  wanted  for  such  a  purple,  and  the  author  firmly  believes,  if  she  was 
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ptoperly  fitted  and  prepared  for  such  a  service,  with  some  additional  stringers  to 
strengthen  the  upper  decks  and  sides,  she  would  find  full  employment  as  a  submcrger 
of  cables  in  every  sea  which  divides  the  four  quarters  of  the  globe. — As  to  the 
recovery  of  the  lost  cable,  the  paper  went  on  to  say  that  such  a  process  was  at  all 
times  a  precarious  operation  and  especially  so  in  the  case  of  the  Atlantic  cable.  If 
that  cable  were  raised  at  all,  it  must  be  at  an  exceedingly  low  speed,  and  with  one 
end  loose;  he  should  despair  of  raising  it  from  a  depth  of  2100  fathoms  by  hooking 
it  in  the  bight  or  middle,  where  the  resistance  would  be  doubled  in  raising  two  sides 
instead  of  one.  The  slack,  too,  would  be  insufficient  to  enable  this  to  be  done,  and 
a  drag  of  five  miles  on  each  side  would  have  to  take  place,  before  it  could  be  brought 
to  the  surface.  Any  attempt  to  raise  the  cable  in  this  way  would  be  fruitless,  unless 
some  means  were  adopted  for  cutting  the  cable  on  the  American  side,  and  hauling 
in  with  a.  second  grapnel  winch  would  hold  fast  until  the  cable  was  cut.  He  had, 
however,  great  doubts  of  the  success  of  this  plan ;  and  the  only  feasible  plan  which 
suggested  itself  to  him  was  to  commence  de  novo,  not  to  lay  a  new  cable,  but  to 
place  the  Great  Eastern  under  the  cable  at  Valentia,  and  pluck  it  up  at  a  rate  pro- 
portionate to  the  depth  of  water  from  which  it  had  to  be  abstracted.  The  paper 
concluded  by  referring  to  an  elaborate  series  of  tables  giving  the  results  of  the 
experiments  undertaken  in  reference  to  the  materials  to  be  used  in  the  construction 
and  insulation,  of  the  cable,  to  which  the  author  had  directed  attention  in  his  paper 
of  last  year,  and  in  conformity  with  which  the  cable  had  been  actually  constructed. 


INSTITUTION  OF  MECHAXICAL  ENGINEERS. 


DESCRIPTION  OF  A  COAL-CUTTING  MACHINE.     Bv  Mr.  Thomas  Levick,  of 
Blaina  Iron  "Works. 

The  substitution  of  machinery  for  manual  labour  in  onr  various  manufactures  and 
industries,  the  gradual  development  of  railways,  and  the  application  of  steam  to 
navigation,  have  increased  in  a  wonderful  manner  the  demand  for  coal,  that  being 
the  chief  agent  in  the  production  of  the  motive  power  in  all  these  cases.  In  the 
early  periods  of  the  working  of  the  coal  fields  the  produce  of  coal  was  very  limited, 
the  only  means  of  conveying  it  from  the  pit  to  the  shipping  port  being  on  pack- 
horses  carrying  only  3  cwts.  each,  which  were  succeeded  by  the  cart,  increasing  the 
load  to  17  cwts.  But  by  the  introduction  of  railways  the  annual  produce  and  con- 
sumption of  coal  in  Great  Britain  was  raised  in  1S55  to  64  millions  of  tons,  in  1859 
to  7U  millions,  and  in  1860  to  80  millions  ;  and  according  to  Mr.  Hunt's  returns  it 
has  now  reached  the  enormous  quantity  of  nearly  90  millions  of  tons  per  annum. 

Although  coal  has  thus  teen  so  useful  in  promoting  and  extending  the  use  of  machin- 
ery, machinery  has  not  yet  returned  the  compliment  by  its  application  to  the  working 
of  coal ;  it  has  only  made  various  futile  attempts,  and  only  within  the  last  year  or  two 
have  any  really  practical  attempts  been  made  to  lessen  or  supersede  manual  labour 
in  working  coal:  the  working  or  getting  may  in  fact  be  considered  to  remain  still 
in  the  same  condition  as  in  the  pack-horse  age.  Machinery  has  certainly  aided  the 
increased  production  of  coal  by  winding  and  pumping  engines,  and  by  inclines  above 
and  below  ground ;  but  this  kind  of  machinery  has  only  facilitated  the  movement  of 
the  coal  after  it  has  been  wrought  by  the  collier.  The  actual  working  or  getting  it 
from  the  position  in  which  it  has  been  deposited  in  the  mine  ages  ago  is  still  accom- 
plished only  by  tools  of  the  most  primitive  kind,  plied  by  the  strong  arm  of  the 
sturdy  collier  under  the  most  disadvantageous  circumstances;  for  he  has  to  wield 
the  pick  in  a  stooping  or  lying  position,  most  unfavourable  to  the  application  of  his 
muscular  force,  and  this  frequently  in  an  atmosphere  not  only  not  remarkable  fol- 
ks parity,  but  sometimes  of  a  temperature  as  high  as  80°  to  90°  Fahr. 

The  constant  but  gradual  increase  of  temperature  in  penetrating  the  earth's  crust, 
which  takes  place  at  the  rate  of  about  1°  Fahr.  to  each  60  feet  of  depth,  is  well 
known.  In  the  Monkwearmouth  Colliery,  the  depth  of  which  is  1800  feet,  the  tem- 
perature is  80  s ;  and  this  is  considered  to  be  as  high  as  is  consistent  with  the  great 
bodily  exertion  necessary  in  the  operation  of  coal  mining.  There  is  also  an  addi- 
tional augmentation  in  the  temperature  of  deep  mines  consequent  on  the  increased 
density  of  the  air,  and  this  is  about  1°  for  ever}-  300  feet  of  depth.  Certain  portions 
of  the  coal  in  the  deeper  coal  basins  lie  at  depths  approaching  and  even  exceeding 
4000  feet;  and  the  temperature  of  the  air  at  this  depth,  according  to  the  foregoing 
data,  would  be  79°  higher  than  at  the  surface,  66°  being  due  to  the  depth  and  13°  to 
increased  density  of  the  air.  The  computations,  therefore,  of  the  duration  of  the  coal 
fields,  as  has  been  pointed  out  by  Sir  William  Armstrong,  require  a  considerable 
reduction  in  consequence  of  the  impracticable  depths  at  which  portions  of  them  are 
situated;  and  any  means  of  increasing  the  practicability  of  working  at  these  depths 
by  the  application  of  machinery  becomes  consequently  a  question  of  serious  import- 
ance in  reference  to  the  duration  of  the  coal  fields,  in  addition  to  the  advantages  in 
economy  of  cost  and  time  of  working  and  in  saving  waste  of  material  that  are 
incident  to  the  substitution  of  mm  hinery  for  hand  labour. 

Many  attempts  have  been  made  during  a  century  past  to  construct  coal-cutting 
machines.  One  of  the  earliest  was  that  of  Michael  Menzies  in  1761,  consisting  of  a 
pick  fixed  on  the  axle  of  a  pulley  placed  near  the  face  of  the  coal,  to  which  a  recipro- 
cating motion  was  given  by  means  of  a  chain  passing  round  the  pulley  and  connected 
with  a  steam  engine  at  the  surface,  the  pick  performing  the  operation  of  kirving  or 
holing.     He  also  invented  a  pick  machine  to  be  worked  hy  hand. 

In  1830  a  battering  ram  for  coal  mines  was  proposed  by  William  Wood.  This 
was  a  heavy  ram  fixed  in  a  sliding  box  acting  on  a  wedge,  the  ram  being  worked 
backwards  and  forwards  by  manual  fobour. 

^  The  next  to  be  noticed  is  a  plan,  in  1843,  consisting  in  applying  rotary  saws  or 
picks  driven  by  a  winch  or  an  engine  for  the  purpose  of  severing  blocks  of  coal  from 
the  surrounding  mass.  This  was  one  of  the  first  attempts  for  using  rotary  cutters, 
and  the  arrangements  were  complicated. 

In  1846  a  plan  was  proposed  by  Mr.  W.  H.  Bell  for  suspending  a  heavy  pick  or 
chisel  by  a  chain  from  a  bar  running  along  the  face  of  the  work  at  the  roof,  so  as  to 
be  swung  by  hand  against  the  coal. 

In  1852  a  machine  was  applied  by  Mr.  W.  D.  Hedley,  similar  in  its  action  to  a 
planing  machine,  having  a  cutting  tool  projecting  from  the  side  of  a  carriage  run- 
ning on  a  railway,  and  the  tool  was  made  to  cut  deeper  and  deeper  into  the"face  of 


the  coal  by  repeatedly  traversing  the  carriage,  and  setting  the  tool  at  each  successive 
cut  to  project  more  and  more  beyond  the  side  of  the  carriage.  There  were  holes  in 
the  machine  at  different  heights  for  altering  the  tool  according  to  the  different  heights 
at  which  the  coal  has  to  be  cut. 

About  the  same  time,  a  plan  was  proposed  by  Mr.  C.  H.  Waring,  in  which  recip- 
rocating or  revolving  cutters  are  worked  by  compressed  air  or  steam.  The  reciprocat- 
ing cutters  have  somewhat  the  motion  of  planing  or  slotting  machines,  but  the  rotary 
cutters  are  fixed  in  the  circumference  of  a  wheel  and  act  like  a  circular  saw.  The 
machine  is  arranged  to  cut  either  vertically  or  horizontally.  The  apparatus  for 
applying  the  power  is  mounted  on  the  frame  of  the  machine,  and  consists  of  an 
oscillating  cylinder  worked  by  compressed  air  or  steam. 

In  1861  a  pick  machine  to  be  worked  by  hand  was  proposed  by  Messrs.  Ridley 
and  Rothery,  the  pick  working  horizontally  and  vertically,  and  both  motions  being 
upon  fixed  axes;  and  about  the  same  time  a  hand  machine  was  proposed  bv  Mr. 
Donnisthorpe,  in  which  the  tool  was  a  bar  mounted  on  grooved  rollers,  giving  it  a 
rapid  motion  forwards  and  backwards. 

The  above  are  some  of  the  principal  attempts  up  to  that  time  to  work  coal  by 
machinery.  They  may  be  divided  into  reciprocating  picks,  sliding  or  planing  picks, 
and  rotary  saws  or  cutters;  none  of  thein,  however,  have  continued  in  practical  use. 
The  principal  practical  difficulty  in  the  application  of  machinery  to  coal-cutting  is 
the  confined  space  it  is  required  to  work  in.  Most  of  the  machines  above  referred 
to  occupy  too  much  space  and  are  generally  too  complicated  for  application  in  a  coal 
mine  ;  and  machines  made  to  be  worked  by  hand,  on  account  of  the  friction  of  the 
mechanism  and  the  cumbrous  arrangement,  absorb  too  much  manual  labour  to  give 
them  much  or  any  advantage  over  the  pick  worked  by  the  skilled  collier. 

Not  until  the  last  two  or  three  years  has  anything  practically  useful  been  accom- 
plished in  the  application  of  machinery  to  coal- cutting;  and  Messrs.  Donnisthorpe, 
Firth,  and  Ridley's  machine,  working  at  the  West  Ardsley  Colliery  near  Leeds,  was 
the  first  machine  which  may  be  safely  said  to  have  demonstrated  the  practicability 
of  cutting  coal  by  machinery.  This  was  one  of  the  class  of  machines  working  with 
a  pick,  which  was  driven  by  a  cylinder  worked  by  compressed  air ;  and  it  was  fol- 
lowed by  another  machine,  which  introduced  a  trunk  arrangement  of  the  driving 
cylinder,  so  as  to  shorten  up  the  connecting  rod,  thereby  considerably  shortening 
the  machine,  and  enabling  it  readily  to  traverse  the  quick  curves  of  mine  tramroads, 
thus  removing  a  serious  practical  difficulty  previously  experienced.  Both  these 
machines  have  been  successful  in  performing  one  operation  in  coal-cutting,  namely 
"  holing"  or  undercutting  a  seam  of  coal  horizontally,  and  on  a  true  plane  or  nearly  so. 
But  as  they  were  constructed  only  to  cut  a  groove  horizontally,  or  rather  parallel  to 
the  plane  of  the  tramway,  they  were  not  adapted  to  meet  the  cases  of  inclined  seams, 
so  frequently  occurring  in  practice;  and  as  they  were  also  limited  to  the  horizontal 
undercutting,  all  vertical  cutting  that  was  required  in  the  operation  of  getting  the 
coal  had  to  be  done  by  hand  work.  These  machines  were  inapplicable  to  driving 
headings;  and  for  that  purpose  a  modification  of  them  has  been  made,  having  two 
pairs  of  vertical  picks,  one  pair  on  each  side  of  the  machine,  and  each  pair  consisting 
of  one  pick  working  upwards  vertically  from  the  bottom  and  the  other  working 
downwards  vertically  from  the  top,  so  as  to  make  the  two  cuts  meet  one  another. 
The  undercutting,  however,  in  driving  the  headings,  was  still  required  to  be  done  by 
the  hand  of  the  collier. 

In  order  that  a  machine  may  be  generally  applicable  to  coal-cutting,  it  should  be 
capable  of  cutting  in  anj  direction,  so  as  to  work  the  "dip"  or  the  "rise,"  or  cut  the 
vertical  cuts.  To  do  this,  and  at  the  same  time  to  retain  a  simple  form  of  machine, 
since  complex  machinery  would  be  very  objectionable  underground,  presented  great 
difficulties;  but  these  have  now  been  entirely  overcome  in  the  coal-cutting  machine 
forming  the  subject  of  the  present  paper,  which  is  the  invention  of  Mr.  James  Graf- 
ton Jones,  of  Blaina.  In  this  machine  the  axis  of  the  pick  is  carried  in  a  revolving 
headstock,  by  which  it  is  capable  of  being  turned  into  any  desired  position  by  merely 
turning  a  handwheel  at  the  end  of  the  machine,  the  relative  position  of  the  pick  and 
the  air  cylinder  which  works  it  remaining  always  the  same.  By  this  means  the 
pick  can  be  worked  in  any  plane,  either  vertical,  horizontal,  or  at  any  inclination  ; 
and  it  is  thus  enabled  to  cut  the  coal  vertically  in  driving  headings,  and  horizontally 


Fig.  1. 


in  hding,  or  in  anj  inclined  direction  for  working  the  dip  or  the  rise  when  the  seam 
of  coal  does  not  lie  horizontally.  Headings  may  thus  be  driven,  or  any  of  the  ordi- 
nary operations  in  the  getting  of  coal  or  other  minerals  may  be  performed  by  the 
machine. 

The  machine  is  shown  in  figs.  1,  2,  and  3 ;  fig.  1  is  a  side  elevation,  fig.  2  a 
longitudinal  section,  and  fig.  3'  a  plan. 

The  air  cylinder,  A,  figs.  1  and  2,  is  placed  horizontal,  and  is  cast  in  one  piece 
with  the  bed  of  the  machine ;  and1  the  piston,  B,  is  forged  solid  upon  the  piston  rod, 
c.  The  lever  pick,  D,  is  keyed  upon  the  transverse  axis,  E,  carried  in  front  of  the 
cylinder,  A ;  and  on  the  axis  is  a  crank  arm,  f,  to  which  the  piston  rod,  c,  is  con- 
nected by  means  of  the  slotted  head  screwed  into  the  end  of  the  rod,  as  shown  in 
fig.  2.     The  axis,  E,  is  carried  in  bearings,  G  G,  cast  upon  the  rotating  headstock, 
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it;  and  tliis  headstock  is  capable  of  being  turned  round  in  its  bearings,  I  I,  by 
moans  of  the  handwheel,  J,  fixed  on  the  shaft  of  the  pinion,  k,  fig.  1,  which  gears 
into  teeth  on  the  headstock,  h.  The  pick,  d,  can  thus  be  turned  so  as  to  cut  the 
coal  at  any  inclination  whatever,  the  piston,  b,  turning  in  the  cylinder  when  the 
headstock,  h,  is  rotated;  and  when  the  pick  is  adjusted  for  working  at  any  desired 
inclination,  the  axis,  e,  can  be  locked  in  that  position  by  means  of  a  pin  passing 
through  one  of  the  holes  in  the  handwheel,  j. 

The  slide  valve,  i,,  fig.  2,  by  which  the  compressed  air  is  admitted  to  the  cylinder, 
A,  is  worked  in  one  direction  by  the  piston,  b,  which,  on  completing  its  back  stroke, 
strikes  against  the  tappet  rod,  m;  this  rod  works  through  a  stuffing-box  in  the  back 
cover  of  the  cylinder,  and  is  connected  to  the  lever,  n,  the  other  end  of  which  is 
connected  to  the  slide  valve  stem.    When  the  tappet  rod,  si,  is  struck  by  the  piston, 


it  moves  the  valve,  L,  into  the  position  for  admitting  the  compressed  air  to  the 
back  of  the  piston,  for  striking  a  blow  by  the  pick.  The  valve  is  retained  in  this 
position  until  the  blow  has  been  struck  by  means  of  a  spring  catch,  o,  which  is 
connected  by  a  rod  to  the  treadle,  p.  An  india-rubber  spring,  R,  passes  round  the 
handle,  s,  formed  on  the  lever,  n,  and  is  attached  by  means  of  an  adjustable  joint 
to  the  platform,  t,  on  which  the  man  working  the  machine  is  carried.  When  the 
treadle,  p,  is  depressed  by  the  man's  foot,  it  releases  the  catch,  o,  and  the  india- 
rubber  spring  immediately  moves  the  slide  valve  so  as  to  admit  the  compressed  air 
to  the  front  of  the  piston  for  making  the  back  stroke  ;  and  another  blow  of  the  pick 
is  then  given  by  the  piston  striking  against  the  tappet  rod,  M.  As  the  work  pro- 
gresses the  machine  is  moved  forwards  by  the  handwheel,  u,  which  communicates 
motion  by  the  bevil  wheels,  v,  to  the  carrying  wheels,  w,  of  the  machine. 

Fig.  3. 


From  this  description  it  will  be  seen  that,  at  whatever  inclination  the  coal  may 
lie,  the  pick  is  easily  put  to  work  at  that  exact  angle,  whether  to  the  rise  or  the  dip. 
It  may  also  be  easily  put  to  work  at  any  part  of  the  thickness  of  the  coal,  whether 
it  be  desired  to  hole  at  the  bottom  or  at  the  top  of  the  measure,  or  at  a  parting  in 
the  middle  or  any  other  portion  of  the  seam,  by  simply  shifting  the  pick,  d,  fig.  1, 
to  a  greater  or  less  distance  upon  the  axis,  e,  on  which  it  is  keyed.  Figs.  6  and 
7  illustrate  the  working  of  the  machine,  showing  the  pick  in  the  position  for  holing, 
and  also  for  making  a  vertical  cut  either  downwards  or  upwards,  as  in  driving 
headings.  The  position  of  the  man  working  the  machine  is  also  shown,  kneeling 
on  the  small  platform  at  the  tail  of  the  machine,  with  his  foot  upon  the  treadle  for 
releasing  the  slide  valve,  and  holding  the  handwheel  for  advancing  the  machine 
between  each  stroke  of  the  pick. 

This  machine,  when  holing  in  the  coal,  cuts  a  groove  3  feet  deep,  2  inches  wide   " 

at  the  face,  and  1^  inch  at  the  back; 
Fig.  4.  whereas  a  collier  requires  for  effecting 

the  same  purpose  to  make  a  groove,  or 
rather  excavation,  10  to  12  inches  wide, 
or  even  more,  at  the  face,  and  tapering 
to  the  back.  In  doing  this  the  collier  is 
exposed  to  one  of  the  most  frequent  and 
unavoidable  dangers  of  the  coal  mine,  by  the  large  lump  of  coal  breaking  off  and 
sliding  down  suddenly  without  warning,  before  he  has  completed  his  task. 

The  machine  is  calculated  to  work  at  the  rate  of  70  to  80  strokes  per  minute ; 
and  the  one  at  work  at  the  High  Royd  Colliery,  Bamsley,  under  disadvantageous 
circumstances  and  in  the  hardest  cnal  in  the  district,  holes  from  9  to  10  yards  length 
per  hour,  3  to  3£  feet  deep,  including  stoppages.  In  order  to  make  the  machine 
thoroughly  effective,  it  is  necessary  that  it  should  be  on  a  good  rigid  road;  but  at 
this  colliery  it  is  working  on  the  ordinary  tramplate  road  loosely  laid.  The  pressure 
of  air  at  which  it  is  worked  is  30  to  35  lbs.  per  square  ineh.  In  the  same  seam  of 
coal  the  collier  does  only  4  to  5  yards  length  of  holing  for  a  day's  work,  in  place  of 
the  90  to  100  yards  done  in  ten  hours  by  the  machine,  the  latter  thus  accomplish- 
ing fully  twenty  times  the  work  that  the  collier  can  do  by  hand  in  the  same  time. 

_  Asecond  machine  has  just  been  put  to  work  at  the  Oaks  Colliery  in  the  same 
district,  in  which  an  improvement  has  been  made  by  the  addition  of  a  steadying 


apparatus,  consisting  of  a  tail  piece  which  carries  a  pair  of  heavy  rollers,  as  shown 
in  plan  in  fig.  4;  these  rollers  rest  upon  the  tram  rails,  and  keep  the  machine  steady 
under  the  vibration  caused  by  the  blows  of  the  pick  when  striking  laterally  in  hol- 
ing. This  tail  piece  follows  with  the  machine  when  moving  in  a  straight  line;  and 
it  has  the  effect  of  lengthening  the  wheel  base  of  the  machine,  and  considerably 
reduces  the  lateral  vibration  on  the  road  caused  by  the  powerful  blow  of  the  pick 
when  holing.  It  is  readily  detached  when  required  to  go  round  the  short  bends  of 
the  mine  ;  and  also  when  driving  headings  it  is  not  required,  as  the  pick  is  then 
working  vertically.  The  machine  at  the  Oaks  Colliery  holes  at  the  rate  of  14  to  15 
yards  length  per  hour,  to  a  depth  of  3i  feet,  the  number  of  strokes  averaging  from 
60  to  70  per  minute,  and  the  pressure  of  air  being  35  to  37  lbs.  per  square  inch. 
The  road  in  this  case  is  a  railroad  thoroughly  well  laid. 

These  machines  are  also  well  adapted  to  work  in  the  ironstone  shales,  and  to 
quarry  Bath  stone  ;  indeed,  the  pick  would  work  in  anything  softer  than  its  own 
point. 

The  use  of  compressed  air  for  working  underground  machinery  is  not  new, 
though  it  is  only  recently  and  since  the  introduction  of  coal-cutting  machinery  that 
it  is  being  more  extensively  employed.  The  first  practical  employment  of  it  in  this 
country  was  at  the  Govan  Colliery,  near  Glasgow,  in  1849;  the  machinery  was 


erected  by  Messrs.  Randolph,  Elder,  &  Co.,  and  a  description  of  it  was  read  before 
.this  Institution  at  the  Glasgow  Meeting  in  1856  (see  Proceedings  Inst.  M.E.,  1856, 
page  145).  At  the  Haigh  Colliery,  near  Wigan,  two  air-compressing  engines  were 
also  employed,  the  air  being  compressed  to  120  lbs.  per  square  inch,  and  carried 
down  a  shaft  234  yards  deep,  and  to  a  distance  of  500  yards  from  the  bottom  of 
the  shaft.  The  engines  worked  by  the  compressed  air  at  this  colliery  and  at  the 
Govan  Colliery,  were  employed  for  winding  underground. 

A  peculiarity  attendant  upon  compressing  the  air  is  the  heat  developed  during 
compression,  which  increases  rapidly  with  the  pressure.  Thus  air,  which  at  the 
atmospheric  pressure  of  15  lbs.  is  at  32°  Fahr.,  would  be  raised  to  110°  by  being 
compressed  to  30  lbs.  per  square  inch ;  and  at  120  lbs.  per  square  inch,  the  effec- 
tive pressure  in  the  Haigh  engines,  the  theoretical  temperature  would  be  about  450°. 
A  special  provision  to  meet  this  circumstance  is  mentioned  hereafter.  An  incon- 
venience in  working  these  compressed-air  engines  was  the  liability  of  the  air  pas- 
sages and  exhaust  pipes  to  become  clogged  with  ice,  in  consequence  of  the  water 
suspended  as  moisture  in  the  air  being  frozen  by  the  cold  produced  in  the  sudden 
expansion  of  the  exhaust  air.  This  is  avoided  in  the  coal-cutting  machines  by 
making  the  slide  valve  with  sufficient  inside  lap  to  cause  the  exhaust  air  to  escape 
slowly  at  each  stroke,  thereby  preventing  its  sudden  expansion ;  and  this  arrange- 
ment, combined  with  the  concussion  caused  by  the  stroke  of  the  pick,  prevents  the 
exhaust  passages  becoming  clogged  with  ice.  In  an  air  engine  at  Dowlais,  when  the 
air  was  escaping  under  a  pressure  of  15  lbs.,  the  temperature  of  the  exhaust  air 
was  29°  Fahr. ;  and  the  greater  the  pressure,  the  greater  will  be  the  cold  produced 
in  expansion. 

There  is  a  loss  of  power  in  air-compressing  engines,  arising  from  leakage  and  fric- 
tion in  the  air-pipes,  and  the  mechanical  power  lost  in  the  form  of  heat  when  the 


air  is  compressed.  The  loss  from  leakage  and  friction  is  very  small,  and  if  the 
joints  are  good,  that  from  leakage  will  be  inappreciable;  but  the  loss  from  the  escape 
of  heat  is  great.  The  cylinder  in  which  the  air  is  compressed  gets  so  hot  that  it  is 
necessary  to  keep  it  surrounded  with  water,  the  temperature  increasing  with  the 
pressure  to  which  the  air  is  compressed ;  and  on  the  other  hand,  when  the  com- 
pressed air  has  done  its  work  and  is  allowed  to  escape,  a  degree  of  cold  is  produced 
which  freezes  any  moisture  that  there  may  be  in  the  exhaust  passages.  By  the 
compression  of  the  air,  its  capacity  for  heat  becomes  diminished ;  consequently  a 
portion  of  the  latent  heat  already  contained  in  it  at  its  natural  pressure  is  developed 
in  the  form  of  sensible  heat,  and  this  is  absorbed  by  the  cylinder  and  the  surround- 
ing water.  The  air  itself  does  not  get  sensibly  hotter,  since  ouly  its  capacity  for 
heat  is  changed  by  the  compression,  while  the  excess  of  heat  developed  by  its  com- 
pression is  rapidly  absorbed  by  the  surrounding  metallic  surfaces  which  conduct  it 
away.  When  this  air  has  done  its  work  and  expands  again  to  its  original  pressure, 
its  original  capacity  for  heat  returns ;  and  tne  quantity  of  heat  then  contained  in  it 
not  being  sufficient  for  maintaining  the  same  temperature  in  its  expanded  form,  it 
consequently  draws  heat  from  the  surrounding  bodies,  thus  producing  cold.     The 
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amount  of  heat  thus  absorbed  in  tbe  act  of  expansion  is  the  exact  equivalent  of  that 
which  is  developed  during  compression;  but  the  heat  developed  in  compression 
leing  lost  by  conduction,  the  amount  of  power  equivalent  to  it  is  also  lost. 

Fig  5  shows  a  longitudinal  section  of  the  air-compressing  engine,  suitable 
for  working  four  to  six  coal-cutting  machines.  It  consists  of  two  cylinders,  one 
tbe  steam  cylinder  and  the  other  the  air  cylinder,  fixed  horizontally  on  the  same 
bedplate,  the  piston  rod  of  the  steam  cylinder  being  directly  attached  to  the  piston 
rod  of  the  air  cvlinder.  The  steam  cylinder,  A,  is  1GJ  inches  diameter  and  3i  feet 
stroke.  The  air  cylinder,  B,  is  surrounded  by  water  to  keep  it  cool.  The  compressed 
air  passes  through  the  delivery  valves,  c  c,  into  the  pipe,  D,  leading  to  the  mine. 
The  inlet  valves  are  fixed  on  the  side  of  the  air  cylinder,  and  are  similar  to  the 
delivery  valves.  The  slide  valve  of  the  steam  cylinder  is  worked  by  a  tappet,  as 
there  is  no  crank  or  flywheel  to  the  engine.  The  speed  of  the  engine  is  regulated 
according  to  the  number  of  the  coal-cutting  machines  at  work;  when  all  six 
machines  are  at  work,  the  speed  of  the  piston  is  from  250  to  300  feet  per  minute. 

The  effect  produced  upon  the  ventilation  and  temperature  of  the  mine  by  the 
supply  of  air  from  the  discharge  of  the  coal-cutting  machine  may  now  be  considered. 
When  the  machine  is  working  at  60  blows  of  the  pick  per  minute,  it  will  discharge 
24  cubic  feet  of  air  per  minute,  at  a  pressure  of  45  lbs.  per  square  inch,  which  by 
expansion  becomes  72  cubic  feet  of  air  at  the  atmospheric  pressure,  and  at  a  tem- 
perature below  freezing  point.  Taking  the  quantity  of  air  passing  along  each  face 
of  work  in  the  mine  at  an  average  of  6000  cubic  feet  per  minute  at  a  velocity  of  4 
feet  per  second,  the  quantity  of  air  discharged  by  each  machine  would  be  only  1^ 
per  cent,  of  the  whole  amount.  Supposing  the  temperature  in  the  mine,  as  at 
Monkwearmouth.  to  be  about  80°  Fahr.,  it  would  be  reduced  only  1°  when 
thoroughly  mixed,  but  it  would  be  considerably  cooler  round  the  point  of  issue. 
The  ordinary  ventilating  current  has  frequently  had  to  travel  considerable  distances, 
and  has  acquired  a  great  deal  of  impurity  and  a  high  temperature  before  it  reaches 


Fig.  7. 


some  of  the  faces  of  work.  But  supposing  three  or  four  machines  to  be  employed 
along  each  face,  the  current,  instead  of  becoming  impure,  would  retain  its  purity  and 
become  cooler. 

A  collier  when  at  work  breathes  heavily,  and  inhales  about  28  cubic  feet  of  air 
per  hour,  and  exhales  about  1  cubic  foot  of  carbonic  acid  in  tbe  same  time.  One 
coal-cutting  machine  may  be  said  to  save  the  work  of  20  colliers,  who  would  inhale 
600  cubic  feet  per  hour ;  while  the  machine  supplies  4320  cubic  feet  per  hour  of 
cold  and  pure  air  at  the  place  where  it  is  most  required. 

The  firedamp  in  a  mine,  having  only  half  the  specific  gravity  of  air,  is  very  apt  to 
float  above  the  passing  current  of  air,  instead  of  mixing  with  it,  especially  where 
there  is  any  unevenness  in  the  roof  forming  cavities  in  which  the  firedamp  can  lie 
stagnant.  The  violent  agitation,  however,  produced  by  the  discharge  of  air  from  the 
coal-cutting  machine  will  aid  materially  in  the  intermixture  of  the  gas  with  the 
current  of  air,  and  tbe  discharge  of  air  from  the  machine  may  be  directed  to  any 
particular  point,  as  desired. 

The  ad  vantages  of  cutting  coal  by  this  machine  may  be  summed  up  as  follows ; — 

1st.  The  saving  of  a  large  per  centage  of  small  coal  in  the  process  of  holing,  and 
a  corresponding  increase  in  the  proportion  of  large  coal  obtained. 

2nd.  Tbe  economy  in  the  cost  of  getting  the  coal. 

3rd.  The  improvement  in  tbe  ventilation  and  temperature  at  the  working  points. 

4th.  The  facility  with  which  headings  may  be  driven  and  ventilated,  the  machine 
itself  supplying  air  sufficient  for  several  men,  and  at  a  low  temperature.  The 
machines  being  well  adapted  for  driving  headings,  collieries  may  be  opened  and  won 
to  their  outside  boundaries  in  a  much  shorter  time. 

5th.  The  saving  of  life  and  limb  to  the  collier,  by  removing  him  from  the  most 
perilous  portion  of  his  occupation,  that  of  holing  or  undercutting  the  seam  of  coal. 

6th.  Tbe  power  of  carrying  the  working  into  the  deeper  seams  of  coal,  which  lie 
at  so  high  a  temperature  as  to  present  serious  difficulty  in  the  way  of  performing 
the  severe  labour  of  cutting  the  coal  by  hand  work. 
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METAJ£ORPHISM,  WITH    SPECIAL   REFERENCE   TO   CHEMICAL 

CHANGES  IN    ROCKS, 

By  De.  Alexaxdek  Jf  achattte,  F.C.S.,  F.R.S.S.A.,  Lecturer  on  Chemistry,  Glasgow. 

Let  me  remind  all  that,  so  far  as  we  know,  with  the  exception  of  some  meteoric 
stones,  the  earth  is  neither  heavier  nor  lighter  now  than  at  its  creation,  so  that  all 
changes  have  been  effected  in  matter  existing  indestructibly  throughout  every  stage 
of  our  world's  history.  All  the  rock  masses  of  our  earth  are  either  tbe  original  rocks 
or  they  have  been  produced  from  tbe  disintegration  of  those  that  have  preceded  them 
It  is  therefore  obvious  that,  if  we  trace  back,  we  mnst  arrive  at  certain  rocks  which 
have  not  been  produced  from  others — that  is,  there  must  have  been  some  first 
formed  rock  or  rocks  of  one  kind  or  another,  although  it  does  not  follow  that  there 
is  any  of  these  still  in  existence.  Snch  considerations  bring  us  to  the  necessity  of 
:  some  conclusions  on  the  original  condition  of  the  earth. 


Many  phenomena  lead  us  to  conclude  that  tbe  earth  was  once  in  a  molten 
state  : — (1.)  The  shape  of  the  earth  is  that  which  would  be  taken  by  a  rotating 
liquid  mass.  (2.)  When  we  descend  into  the  crust  of  the  earth  by  pits,  wells,  etc., 
the  temperature  invariably  rises  about  1°  F.  for  every  fifty  or  sixty  feet;  and  the 
temperature  of  deeply-seated  mineral  waters  is  higher  than  that  of  springs  origin- 
ating nearer  the  surface.  (3.)  Volcanoes  eject  molten  minerals,  which  require  the 
highest  temperature  of  our  furnaces  for  their  fusion.  (4.)  The  density  or  specific 
weight  of  the  earth  being  unaccountably  low,  on  the  supposition  that  the  earth  is 
solid  throughout,  leads  us  to  tbe  belief  that  the  central  portions  must  be  greatly 
expanded  or  rarified ;  and  we  know  of  no  expansive  force  except  heat.  Tbe  pre- 
valent opinion  is,  that  we  stand  upon  a  bard  crust  which  has  cooled,  and  this  crust 
we  have  for  examination,  together  with  anything  which  active  volcanoes  may 
throw  out  from  lower  depths  for  our  inspection — that  is,  lavas  and  volcanic  products 
generally.  We  might  expect  the  original  rocks  (if  they  exist  now)  to  be  lowest, 
and  as  in  all  cases  where  geologists  have  been  able  to  penetrate  the  upper  rocks,  the 
last  rock  which  they  encounter  is  granite,  it  has  usually  been  assumed  that  granite 
is  the  oldest  rock.  It  was  at  one  time,  indeed,  considered  the  original  cooled 
crust,  but  now  it  is  not  even  believed  to  be  the  oldest  rock  with  which  we  are 
acquainted  ;  in  fact,  we  have  granite  of  all  ages. 

There  are  four  methods  by  which  rocks  may  now  be  produced: — (1.)  Volcanoes 
may  eject  ignemis  rocks.  (2.)  The  surface  of  the  earth  may  be  altered  by  certain 
mechanical  and  chemical  agencies — e.g.,  water  and  the  constituents  of  the  atmos- 
phere. (3.)  Remains  of  plants  may  give  rise  to  coal,  and  shell  banks  and  coral 
reefs  become  hard  masses  of  limestone.  (4  )  Air  in  motion  may  blow  sand  or 
finely  divided  matter  into  heaps,  which  afterwards  consolidate.  If  the  earth  was 
once  molten,  all  rocks  must  either  be  themselves  igneous  or  they  must  have  been 
produced  at  once,  or  by  successive  stages  from  igneous  rocks.  The  only  rocks 
which  we  know  to  be  of  igneous  origin  are  the  so-called  trappean  and  volcanic  rocks. 
These  contain  all  the  elements  of  the  stratified  rocks,  and  I  now  pass  to  consider 
the  manner  in  which  igneous  rocks  become  decomposed  or  broken  up.  Water,  in 
freezing,  expands  in  the  pores  of  rocks,  and  splits  a  mass  into  fragments.  Water 
also  washes  away  fine  powder  of  any  kind.  Those  agencies  which  act  chemically 
are  the  oxygen  and  carbonic  acid  of  the  air,  and,  to  a  less  degree,  water.  Oxygen 
combines  with  the  iron  of  igneous  rocks  and  converts  it  into  rust  or  oxide  of  iron. 
Carbonic  acid,  when  in  water,  dissolves  out  the  lime  and  converts  it  into  carbonate 
of  lime,  for  the  further  production  of  limestones,  marble,  calcite,  and  arragonite. 
Water  may  combine  with  the  products  of  such  changes,  as  when  carbonate  of  iron 
becomes,  by  oxidation  and  hydration,  the  hydrated  peroxide  of  iron  or  brown 
hajmatite.  When  acted  on  as  above,  the  constituents  of  igneous  rocks  are 
carried  oif  and  deposited  under  various  conditions,  forming  the  different  kinds 
of  limestone,  clays,  sandstones,  and  stratified  rocks  in  general. 
The  metamorphism  which  we  shall  principally  study  at  this  time  is  accompanied 
by  chemical  change,  or  change  in  composition.  When  chalk  becomes  marble, 
or  sandstone  passes  into  quartzite,  no  difference  of  composition  is  observable, 
although  these  are  instances  of  very  decided  metamorphism.  We  cannot,  however, 
altogether  avoid  reference  to  this  kind  of  change ;  but  we  shall  first  observe  certain 
results  which  may  follow  chemical  metamorphism.  Chemical  metamorphism  may 
result  in  (1.)  a  mere  re-arrangement  of  the  elements  which  compose  any  rock,  so  as  to 
produce  new  chemical  compounds,  without  altering  the  ultimate  or  elementary  com- 
position of  the  rock  changed ;  for  example,  a  rock  containing  two  compounds,  AB 
and  CD,  might  have  these  re-arranged  as  AC  and  BD.  (2.)  The  change  may 
involve  a  loss  of  constituent  matter,  as  when  by  loss  of  water  clay  becomes  slate. 
(3.)  The  change  may  consist  in  the  addition  of  new  matter,  e.g.,  when  anhydrite 
by  combining  with  water  becomes  gypsum.  (4.)  We  may  have  metamorphism 
produced  by  loss  of  some  constituents  and  addition  of  others,  the  kind  of  change, 
as  might  be  anticipated,  by  far  the  most  frequent. 

Before  referring  to  the  causes  of  change  in  matter,  we  shall  shortly  glance  at  the 
nature  of  the  matter  itself.  It  is  surprising  how  few  of  the  elements  form  the  great 
bulk  of  unstratified  and  stratified  rocks.  Of  the  whole  sixty-four  or  sixty-five 
elements  in  nature,  only  twelve  may  be  said  to  enter  largely  into  the  formation  of 
rock  masses.  Six  of  these  are  metals — potassium,  sodium,  calcium,  magnesium, 
aluminium,  iron;  six  are  non-metals — hydrogen,  oxygen,  carbon,  silicon,  sulphur, 
and  chlorine.  The  relation  which  these  twelve  elements  bear  to  the  other  fifty-three, 
so  far  as  quantity  is  concerned,  may  be  likened  to  that  borne  by  the  foundations 
and  massive  walls  of  a  house  to  the  ornaments  with  which  these  walls  may  be 
decorated.  The  twelve  abundant  elements  occur  in  nature  chiefly  in  a  state  of 
combination  with  one  another;  and  the  principal  compounds  which  are  produced  by 
their  union  are  water  (hydrogen  and  oxygen),  carbonic  acid  (carbon  and  oxygen), 
silica  (silicon  and  oxygen),  sulphuric  acid  (sulphur  and  oxygen),  common  salt 
(chlorine  and  sodium),  and  potash,  soda,  lime,  magnesia,  and  alumina,  which 
are  the  oxides  of  the  metals  potassium,  sodium,  calcium,  magnesium,  and  alumi- 
nium respectively.  Lastly,  we  have  iron  and  oxygen  combining  to  form  the 
different  oxides  of  iron.  Of  these  compounds  the  great  bulk  of  the  crust  of 
the  earth  is  composed.  Granite  contains  the  twelve  elements  referred  to  above, 
with  the  exception,  perhaps,  of  any  notable  amount  of  hydrogen,  carbon,  and 
chlorine  ;  but  as  hydrogen  is  one  of  the  constituents  of  water,  carbon  exists  in  tbe 
atmosphere,  and  chlorine  is  one  of  the  elements  of  common  salt,  we  may  say, 
practically,  that  in  a  granite  earth,  with  a  salt  ocean  and  an  atmosphere  such  as  we 
now  breathe,  we  have  everything  necessary  for  the  formation  of  all  the  known 
stratified  rocks.  It  is  no  wonder,  then,  that  granite  has  been  so  long  considered 
the  great  storehouse  of  raw  material  from  which  the  earth's  crust,  as  we  now  find 
it,  has  been  slowly  elaborated  by  the  operation  of  air,  water,  and  the  great  forces 
of  nature. 

In  returning  to  the  various  results  of  metamorphism  already  alluded  to,  it  is  clear 
that  the  first  kind  of  change,  that  in  which  mere  re-arrangement  occurs,  may  be 
expected  to  occur  onlv  in  rocks  of  a  complex  constitution ;  for,  in  more  simple  cases, 
change  of  form  or  aggregation  may  occur,  but  not  of  composition.  Silica,  for 
example,  if  taken  alone  can  never  produce  or  become  anything  else  but  silica,  and 
the  same  remark  applies  to  carbonate  of  lime.  Limestone,  marble,  calcite,  and 
arragonite  may  be  different  in  appearance  and  in  other  properties,  but  chemically 
they  are  identical.     In  the  case,  however,  of  a  complex  rock,  such  as  clay  slate, 
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containing  silica,  alumina,  oxide  of  iron,  lime,  magnesia,  potash,  etc.,  instances  are 
recorded  in  which  it  passes  into  gneiss,  in  which  latter  rock  the  elements  are 
arranged  very  differently,  yet  the  clay  slate  and  gneiss  may  have  the  same  com 
position  when  analysed. 

Changes  accompanied  by  loss  of  matter  are  of  considerable  importance.  Clay, 
by  loss  of  water,  becomes  slate.  Coal,  when  heated  by  the  intrusion  of  trap,  passes 
into  coke  from  a  loss  of  bituminous  matter.  It  is  evident  further,  from  what 
we  know  of  the  mechanical  action  of  water,  and  the  solvent-  power  of  water  con- 
taining carbonic  acid,  that  metamorphism  with  loss  of  ingredients  must  be  very 
frequent,  although  for  the  most  part  it  is  impossible  to  trace  back  to  their  sources, 
and  prove  that  materials  once  carried  away  in  solution  or  suspension  have  been 
derived  from  any  particular  rocks.  The  simplest  cases  of  metamorphism  by  increase 
of  matter  only  are  obviously  just  the  converse  of  those  mentioned  under  the 
preceding  kind  of  change — that  is  to  say,  instead  of  loss  of  water  we  have  addition 
of,  or  combination  with  water.  Thus,  anhydrite  becomes  gypsum ;  red  haematite 
becomes  brown  haematite,  and  so  on  with  other  hydrated  minerals.  Such  cases  only 
require  for  their  explanation  the  presence  of  water — a  condition  which  is  admitted 
to  be  almost  of  universal  occurrence.  The  metamorphism  in  which  both  loss  and 
gain  is  evident  is  very  frequent,  and  is  by  far  the  most  important  kind  of  change. 
It  involves  all  the  different  phenomena  and  causes  of  metamorphism,  and  merits  a 
somewhat  full  treatment. 

There  is  a  considerable  number  of  well-known  rocks  occurring  in  immense 
quantities,  and  bearing  such  striking  evidence  of  change,  that  geologists  have  for  a 
long  time  termed  them  "metamorphic  rocks."  It  will  be  understood  by  all  those 
acquainted  with  the  barest  elements  of  geology  that  I  now  refer  to  such  rocks  as 
quartzite,  hornstone,  clay  slate,  mica  schist,  chlorite  schist,  talc  schist,  horn- 
blende schist,  and  gneiss ;  also,  primary  and  crystalline  limestones  generally, 
marble,  and  dolomite.  If  we  disregard  quartzite  and  hornstone  and  limestone,  we 
shall  have  left  a  series  of  metamorphic  rocks  which  in  composition  present  remark- 
able similarity.  Clay  slate,  gneiss,  and  the  various  schists  contain  almost  exactly 
the  same  elements,  although  the  preponderance  of  individual  compounds  in  each 
rock  confers  on  it  certain  specific  and  distinguishing  characteristics.  Gneiss  is 
generally  considered  an  excellent  example  of  the  more  complete  stages  of  metamor- 
phism, in  which  the  changed  rock  still  retains  evidence  of  stratification  or  aqueous 
deposition.  Its  composition  is  similar  to  that  of  clay  slate ;  the  arrangement 
of  their  ingredients  is  very  different.  Gneiss  may  be  said  to  contain  the  crystalline 
ingredients  of  granite  in  a  stratified  form  ;  and  just  as  we  have  granite  consisting 
of  quartz,  feldspar,  and  mica,  in  an  unstratificd  condition,  so  we  have  gneiss,  made 
up  of  quartz,  feldspar,  and  mica,  in  a  stratified  form;  and  corresponding  to  the 
varieties  of  granite  called  syenite  and  protogine,  in  which  the  substitution  of 
hornblende  and  talc  respectively  for  mica  constitutes  the  specific  character,  we  have 
varieties  of  gneiss  which  are  called  hornblendic  (syenitic)  gneiss  and  talcose  gneiss, 
from  the  presence  of  the  minerals  hornblende  and  talc,  here  substituted  for  the 
mica  of  gneiss  proper,  precisely  as  in  the  case  of  true  granites. 

The  appearances  which  induce  ns  to  consider  rocks  metamorphosed  are  chiefly 
induration,  foliation,  crystallization,  and  various  kinds  of  contortion.  The  question 
how,  or  by  what  agencies,  these  results  have  been  brought  about,  may  be  answered 
in  two  ways:  first,  we  know  with  tolerable  definiteness  what  forces  are  at  work  in 
nature;  and,  secondly,  we  can  produce  the  characteristic  appearances  and  changes 
artificially  to  a  greater  or  less  extent.  Some  of  the  simpler  results  of  metamorphism 
may  be  produced  by  long-continued  heat ;  for  example,  the  conversion  of  sandstone 
into  quartzite.  Heat,  accompanied  by  pressure,  may  change  clay  into  slate,  and 
chalk  into  marble;  but  the  great  family  of  schistose  rocks  have  been  produced,  in 
all  probability,  by  more  complicated  means  than  heat  and  pressure.  That  the 
schistose  and  crystalline  rocks  have  been  formed  from  ordinary  stratified  rocks  is 
presumed  for  the  following  reasons: — (1.)  The  similarity  of  composition  between 
them  and  ordinary  argillaceous  deposits.  (2.)  The  presence  in  schistose  rocks  of 
fossils,  the  structure  of  which  is  perfect  or  uninjured.  (3.)  Some  schists  contain 
carbonaceous  matter  (apart  altogether  from  carbonates),  the  presence  of  which  can 
only  be  accounted  for  on  the  supposition  that  the  remains  of  plants  or  animals  were 
imbedded  in  the  rocks  during  deposition.  (4.)  The  actual  passage  of  a  common 
stratified  rock  into  a  crystalline  and  schistose  one  is  frequently  observed.  The  above 
arguments  not  only  prove  the  source  of  schists,  but  also  throw  some  light  on  the 
mode  of  their  formation.  The  presence  of  uninjured  fossils  puts  fusion  out  of  the 
question,  and,  accordingly,  we  have  to  decide  how  crystals  can  be  formed  in  a  rock 
without  fusion  or  aqueous  solution.  That  they  can  be  so  formed  is  undoubted. 
Crystals,  with  our  present  knowledge,  cannot  be  considered  as  unmistakable  evidence 
either  of  fusion  or  solution. 

On  the  supposition  that  clay  is  the  source  of  the  principal  metamorphic  rocks, 
synthetic  experiments  have  been  made  on  clays  by  heating  them  under  pressure  with 
water  containing  alkaline  silicates  in  solution,  and  by  this  means  certain  important 
results  have  been  obtained.  Perfect  crystals  of  quartz,  feldspar,  mica,  and  pyroxene 
have  been  formed  in  these  experiments  at  a  red  heat.  Wood  has  also  been  converted 
into  anthracite,  with  the  simultaneous  production  of  oils  having  all  the  properties  of 
natural  petroleum.  Further,  vitreous  or  glassy  obsidian  has  passed  into  a  highly 
crystalline  trachyte. 

The  arguments  in  favour  of  the  action  of  heated  water  under  pressure,  sometimes 
called  "hydrothennal"  action,  as  a  metamorphic  agency  are  chiefly  these: — 
(1.)  Metamorphosed  rocks  are  seldom  uniform  in  structure,  and  whilst  fusion 
almost  implies  uniformity,  the  action  of  superheated  steam  does  not.  (2.)  The 
crystalline  minerals  can  be  produced  by  "  hydrothennal "  action  at  a  much  lower 
temperature  than  their  fusing  point.  (3.)  Quartz  is  almost  universally  present  in 
metamorphic  rocks,  and  quartz  is  a  constant  product  of  the  action  of  superheated 
water  on  silicates  on  the  small  scale.  Moreover,  fused  quartz  or  silica  has  a 
specific  gravity  on  cooling  of  2'3  (water  =  1),  and  fused  quartz  has  never  yet  been 
found  to  crystallize  when  cooled.  The  metamorphic  rocks  contain,  on  the  other 
hand,  crystallized  quartz,  having  a  specific  gravity  of  2'6 — that  is,  quartz  identical 
with  that  produced  on  the  small  scale  by  "  hydrothennal  action,  but  totally  different 
from  any  quartz  which  has  yet  been  experimentally  produced  by  fusion.  (4.)  Water 
is  found  in  all  rocks. 

That  a  crystalline  structure  may  be  developed  without  solution  or  fusion  is  well 


known  ;  vitreous  arscnious  acid  becomes  crystalline  on  exposure  lo  the  air  for  some 
time,  so  does  vitreous  or  "  barley"  sugar.  The  fibrous  wrought-iron  of  railway 
axles  is  also  capable  of  assuming  a  crystalline  structure. 

The  sum  of  these  remarks  seems  to  be  this — that  heat,  pressure,  and  water  can, 
together,  produce  those  effects  which  are  characteristic  of  the  schistose  and  other 
metamorphic  rocks.  In  this  statement  I  include  gneiss,  because,  although  the 
similarity  between  granite  and  gneiss  has  given  rise  to  the  belief  that  gneiss  is 
composed  of  disintegrated  granite,  this  similarity  may  be  turned  to  prove  that 
granite  is  metamorphosed  gneiss.  For,  although  it  may  be  admitted  that  when  any 
metamorphic  rock  contains  minerals  similar  to  those  found  in  granite,  this  argues 
similarity  in  their  mode  of  formation,  and  so  long,  therefore,  as  we  consider  granite 
of  igneous  origin  we  must  admit  the  probability  of  the  same  origin  for  the  other; 
yet,  as  we  know  of  certain  rocks  which  contain  granitic  minerals,  and  which  have 
been  produced  with  the  intervention  of  water,  this  would  argue  that  the  formation 
of  granite  involves  the  presence  of  water  too,  especially  as  water  still  exists  in  the 
minute  cavities  of  some  granitic  quartz ;  but  into  this  question  I  cannot  now  enter. 

Besides  the  agencies  supposed  to  have  combined  to  produce  the  schistose  meta- 
morphic rocks,  we  have  certain  minor  causes  of  metamorphism,  such  as  mixture  of 
contiguous  rocks,  double  decomposition,  as  in  the  formation  of  some  dolomites  where 
sulphate  of  magnesia  may  be  supposed  to  re-act  on  carbonate  of  liine,  producing 
sulphate  of  lime  and  dolomite,  and  lastly,  volcanic  exhalations. 

In  conclusion,  let  it  be  remembered  that  the  various  causes  of  metamorphism 
referred  to  are  quite  legitimately  used  to  explain  the  results.  Heat,  pressure, 
double  decomposition,  aqueous  solution,  mixture  of  contiguous  matter,  and  volcanic 
exhalations  are  not  imaginary.  If  we  reflect  on  what  the  condition  of  rocks  a  few 
thousand  feet  beneath  us  must  at  all  times  be,  we  shall  be  reminded  of  the  constant 
action  of  heat  and  pressure  under  all  the  surface  of  the  earth.  Water  with  its 
mechanical  and  chemical  effects  is  even  now  everywhere  at  work.  Double  decom- 
position, mixture  of  matter  in  contiguity,  and  the  influence  of  volcanic  exhalations, 
are  processes,  the  action  of  which  may  be  verified  by  any  one  at  any  time. 
Metamorphism,  then,  considered  in  the  sense  in  which  we  have  been  studying  it,  is 
a  series  of  alterative  processes — slow,  gradual,  and  continuous,  such  as  we  now  find 
going  on  around  us  in  the  mineral  matter  of  our  globe.  The  explanations  given  of 
the  changes  observed  in  the  rocks  of  the  earth's  crust  are  such,  therefore,  as 
commend  themselves  to  those  who  would  judge  of  the  past  by  the  present,  and  read 
the  history  of  our  planet  by  the  light  of  acquired  knowledge  or  experience. 
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ON  CLEANING  IRON  SHIPS  AFLOAT.    By  Mr.  John  Harrison. 

I  must  say  that  it  was  with  some  degree  of  hesitation  that  I  undertook  to  appear 
before  you  this  evening.  The  idea  of  a  landsman  who  has  never  been  long  enough 
at  sea  to  find  his  sea  legs,  talking  about  things  nautical  to  nautical  men,  may  seem 
to  be  something  very  like  presumption.  It  may  be  as  well,  therefore,  at  the  outset 
to  premise,  that  although  I  do  pretend  to  demonstrate  to  you  how  a  vessel  may  be 
brought  home  from  the  great  Pacific  or  the  Indian  Ocean  in  a  shorter  time  than 
formerly,  yet-that  I  shall  not  invade  your  particular  domain  of  knowledge  by  entering 
upon  a  discussion  as  to  the  comparative  merits  of  wave  lines  with  any  other  lines, 
the  mysteries  of  bows  and  quarters,  the  principles  of  circle  sailing,  or  the  art  of 
going  round  about  to  get  soon  home;  nor  even  of  that  wonderful  physical  pheno- 
menon which  no  landsman  can  understand — the  mystical  movements  of  ocean  cur- 
rents and  trade  winds. 

My  system  is  very  simple,  both  in  theory  and  practice.  It  involves  no  question 
of  form,  for  all  shapes  and  sizes  are  alike  subject  to  improvement  upon  my  plan. 
It  is  neither  more  nor  less  than  this — keep  your  ships  clean  and  they  will  sail  fasti 
Clean  them  while  waiting  for  cargo  in  the  south  tropical  ports;  and  when  you  come 
to  the  equator,  where  light  and  variable  winds  and  calms  sometimes  prevail,  give 
them  another  scrape  with  the  instrument  that  I  am  now  able  to  furnish  you  with, 
and  we  shall  hear  no  more  of  long  homeward  passages,  which  detract  so  much  from 
the  sailing  character  of  many  a  gallant  ship,  and  dip  so  deep  into  the  dividends  of 
many  an  otherwise  prosperous  voyage.  Neither  need  we  hear  any  more  of  hundreds 
of  pounds  being  spent  upon  peculiar  paints,  that  seem  only  efficient  in  the  amount 
of  money  which  they  have  for  some  years  extracted  from  the  pockets  of  spirited 
shipowners,  who  have  felt  it  incumbent  upon  them  to  carry  on  a  series  of  expensive 
experiments,  hoping  that  in  the  long  run  something  would  turn  up  to  enable  them 
to  defend  their  property  from  their  unseen  enemies  of  the  sea ! 

Since  the  change  of  building  ships  of  iron  instead  of  wood,  the  superiority  of  the 
former  material  has  never  been  questioned;  and  had  the  iron  only  possessed  the 
quality  of  preventing  the  attachment  to  its  surface  of  marine  mollusca,  or  had  it 
but  admitted  of  being  covered  with  yellow  metal  or  copper,  or  could  any  other 
method  of  preventing  fouling  have  been  found  out,  the  building  of  wooden  ships 
would  long  ere  now  have  slumbered  among  the  sunny  memories  of  past  events,  and 
the  modern  method  of  constructing  vessels  of  iron  frames  and  wooden  planking 
would  never  have  seen  the  light.  Long  as  the  wooden  walls  of  old  England  have 
held  their  supremacy  upon  the  mighty  deep,  iron,  after  all,  if  it  is  less  poetical,  is 
the  more  practical  material  of  the  two. 

In  this  country  the  rise  and  progress  of  iron  shipbuilding  has  been  extremely 
rapid,  and  in  our  own  locality,  my  present  audience  needs  not  the  information  that 
it  has  extended  itself  until  its  proportions  have  become  gigantic.  I  find,  from  an 
excellent  article  lately  published,  that  during  the  year  1851  only  41  iron  ships 
were  built  upon  the  Clyde,  amounting  to  25,322  tons.  I  also  find  that  during 
the  seven  years  ending  in  1862,  the  number  of  iron  vessels  built  at  Glasgow,  Gree- 
nock, and  Dumbarton,  were  636,  with  an  aggregate  tonnage  of  377,176,  being  an 
average  of  91  vessels  each  year,  and  an  annual  tonnage  of  53,882.  In  the  year 
1862  we  thought  we  had  done  something  wonderful  when  122  vessels,  with  an 
aggregate  tonnage  of  70,000,  were  finished  and  launched  during  the  year.  In 
1863,  however,  the  number  still  farther  increased  to  170  vessels,  containing  a 
tonnage  of  124,000.  But  in  1864  the  grand  total  for  the  year  was  205  sailing 
ships  and  steamers,  with  an  aggregate  tonnage  of  179,508 — the  steamers  being 
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supplied  with  engines  to  the  amount  of  27,205  horse  power — so  that  the  inere 
increase  in  ISO!  over  the  amount  of  1SG3  numbered  nearly  as  many  ships,  and 
more  than  double  the  amount  of  tonnage,  than  what  were  built  altogether  on  the 
Clyde  ia  1851,  the  increase  being  35  ships,  with  a  tonnage  of  55,500.  These 
ships  have  been  built  for  every  purpose  to  which  ships  are  applied,  to  orders  from 
nearly  every  part  of  the  habitable  globe.  During  the  last  year  more  than  40 
vessels,  with  an  aggregate  of  upwards  of  27,000  tons,  and  engines  of  6650  horse- 
power, were  sent  from  the  Clyde  to  run  the  blockade.  Indeed,  the  Clyde  may  now 
fairly  claim  to  be  the  greatest  shipbuilding  river  in  the  world.  For  nearly  twenty 
miles  its  banks  are  covered  at  intervals  with  that  iron  chain  of  ships  that  go  forth 
to  encircle  the  earth,  and  employing  in  their  construction  about  20,000  men,  repre- 
senting a  population  of  100,000  souls. 

I  mention  these  statistics  of  the  building  of  iron  ships  in  our  own  neighbourhood, 
to  show  the  importance  of  any  invention  which  is  calculated  to  facilitate  their  pro- 
gress on  the  ocean;  for  in  this  iron  age  speed  is  time,  and  time  is  money. 

I  need  not  mention  in  detail  the  many  plans  that  have  been  tried  to  obviate  the 
one  grand  defect  of  iron  as  a  shipbuilding  material,  namely,  its  liability  to  receive 
a  deposit  of  molluscous  animals  of  several  varieties,  but  chiefly  composed  of  two, 
namely — the  ship's  barnacle  proper,  the  Pentalasmis  anatifera  of  the  men  of  science, 
or  "the  five-plated  goose-bearer;"  and  the  acorn-shell,  or  the  Balanus,  both  of 
these  belonging  to  a  class  of  molluscs  that  are  called  Cirrhopoda,  on  account  of 
the  cirrhi  or  ciliated  arms  which  form  their  chief  characteristic.  The  former  is 
called  pentalasmis,  or  five-plated,  because  its  shell  is  composed  of  five  distinct  por- 
tions curiously  arranged,  and  between  them  the  cirrhi  are  protruded,  as  seen  in 
the  drawing.  The  word  l*  goose-bearing "  is  given  to  it  because  an  old  writer, 
named  Gerard,  who  lived  in  1636,  discovered,  or  thought  he  discovered,  that  the 
bernicle  goose  (Bernida  leucopsis)  was  produced  from  the  ship  barnacle.  Along 
with  these,  the  seeds  of  several  varieties  of  sea-weed  also  attach  themselves  to  the 
bottoms  of  iron  ships,  and  between  them  they  very  much  impede  the  sailing  of  the 
vessel  by  the  hold  they  take  of  the  water. 

Paints  of  nearly  every  fc£nd  of  composition  have  been  tried  to  prevent  this 
accumulation  on  the  bottom.  They  have  been  mixed  with  grease,  with  the  idea,  I 
suppose,  of  rendering  the  plates  so  slippery  that  the  barnacle  should  find  no  footing. 
They  have  been  compounded  with  poisons  of  every  degree  of  virulence,  till  the 
resources  of  the  mineral  and  vegetable  kingdoms  have  been  well-nigh  exhausted, 
but  to  uo  purpose.  I  say  to  no  purpose,  inasmuch  as  none  of  those  yet  tried  have 
stood  the  test  of  a  ten  or  twelve  months'  voyage  in  southern  latitudes.  Nor  does  it 
seem  to  me  that  they  will  ever  be  more  successful  in  this  direction.  With  the 
Balanus,  especially,  I  cannot  see  that  poison  can  have  any  effect.  By  examining 
the  specimens  now  on  the  table,  it  will  be  observed  that  it  is  the  shell,  and  not  the 
animal,  that  adheres  to  the  ship.  Between  him  and  the  ship  he  builds  up  this 
strong  calcareous  wall,  and  attaches  it  so  firmly  that  no  grease  can  slide  it  off, 
and  so  thick  as  to  be  impervious  to  the  most  virulent  poison.  Let  us  look  for  a 
few  minutes  at  the  natural  history  of  this  cunning  architect. 

The  Balani,  and  their  sub-class  of  Cirripedia,  are  described  by  naturalists  as 
animals  that  are  soft  and  without  head  and  eyes,  until  the  researches  of  Darwin 
had  proved  that  this  was  a  fallacy,  and  that  they  have  both — that  they  are  covered 
with  an  adhering  shell.  They  are  hermaphrodite,  and  propagate  themselves.  They 
are  extremely  prolific,  for  even  in  those  northern  latitudes  the  rocks  between  high 
and  low  water  mark  may  be  seen  completely  covered  with  a  crust  of  the  Balani 
With  ns  they  are  very  small,  but'  in  the  warm  waters  of  the  tropics  they  grow  to 
an  immense  size,  and  there,  as  here,  they  take,  as  it  were,  possession  of  the  sea- 
shore, and  cover  everything  that  enters  their  dominion,  till  every  rock,  stone,  wooden 
pier,  or  ship's  bottom  bears  a  thriving  colony  of  these  industrious  fishermen.  The 
Balani  are  never  found  in  deep  water.  It  is  only  between  high  and  low  water 
mark,  and  a  few  fathoms  deeper,  that  they  abound,  and  consequently  it  is  not  when 
the  ship  is  in  mid-ocean  that  she  gets  them  on  her  bottom,  but  only  while  she  is 
lying  in  the  shallow  waters  unloading  or  taking  in  cargo.  And  we  see,  from  the 
fact  that  all  the  large  Balani  are  dead  and  out  of  the  shell  before  they  come  home 
here,  that  they  die  as  soon  as  the  ship  gets  into  deep  water  on  her  passage  home. 
Now,  the  que^tijn  occurs,  can  we  do  anything  to  prevent  them  from  settling  down 
on  an  iron  ship's  bottom,  or  can  we  poison  them  when  they  do  settle  there,  in  the 
earlier  stages  of  their  existence.  From  each,  of  these  myriad  beds  of  Balani  a 
stream  of  minute  SessiUa  is  constantly  issuing,  till  they  darken  the  very  water  as  a 
clond  of  locusts  darkens  the  air.  For  a  time,  after  leaving  the  parent  shell,  they 
are  crustaceous,  such  as  the  lobster,  and  are  very  active  in  the  water,  searching 
for  an  inch  of  empty  spr.ee  to  serve  as  a  location.  When  the  time  for  their 
last  metamorphose  arrives,  in  this  respect  they  are  in  nowise  particular,  and  fre- 
quently do  make  awkward  selections,  such  as  upon  other  shells  and  on  the  shells  of 
each  other.  But  even  at  this  early  stage  of  their  existence,  the  infant  Balanus 
carries  with  him  the  nucleus  of  his  future  home.  When  his  preparatory  stages 
have  been  gone  through,  and  he  becomes  ready  for  attaching  himself  to  some  foreign 
object,  he  is  furnished  with  two  calcareous  discs,  as  seen  in  the  drawing,  and  these 
discs  are  furnished  with  glands  and  ducts  that  secrete  a  highly  adhesive  cement, 
with  which  he  attaches  himself  to  the  place  of  his  choice.  This  is  the  foundation 
of  his  future  castle;  and  of  such  material  is  it,  that  it  effectually  protects  the  living 
animal  from  actual  contact  with  any  poison  that  may  be  compounded  with  the 
paint  upon  which  he  may  happen  to  settle  down.  But  suppose  that  he  was  affected 
by  the  poison,  and  that  soon  after  he  adheres  to  the  vessel  he  dies;  say  that  the 
first  colony  of  settlers  all  die,  another  colony,  just  as  numerous,  would  immediately 
settle  down  on  their  remains,  and  before  that  two  or  three  such  had  perished,  the 
ship  would  present  a  perfect  covering  of  them,  which  would  preserve  the  last  comers 
from  harm,  so  that,  even  in  that  case,  we  should  still  have  a  bountiful  crop  on  the 
ship.  Then,  his  position  is  always  at  right  angles  with  whatever  he  has  attached 
himself  to,  so  that  really  he  is  in  little  danger  of  even  coining  disagreeably  near  it. 
In  a  very  short  time  his  shell  is  complete,  and  he  sets  up  as  a  fisherman  on  his 
own  account,  for  he  really  is  a  fisherman,  and  the  manner  in  which  the  Cirrhopoda 
fish  is  very  remarkable.  Some  animals,  like  the  Sea  Anemones,  hang  out  a  net 
and  await  the  approach  of  prey,  and  whatever  happens  to  touch  them,  if  not  too 
large,  they  will  fold  up  without  discrimination,  and  stuff  it  in  their  stomach;  other 
creatures  hang  out  fishing  lines,  like  the  fresh-water  Hydra;  others,  again,  chase 
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their  prey  through  the  water,  and  capture  it  by  superior  swiftness  or  cunning;  but 
the  Balanus  employs  none  of  these  methods.  He  is  furnished  with  a  veritable 
casting-net,  which  ever  and  anon  he  throws,  expanded,  into  the  water,  and  retracis 
when  closed.  The  action  of  a  man  throwing  an  ordinary  casting-net  is  much  the 
same  as  that  of  the  A  corn- shell.  In  the  drawing  on  the  table,  the  animal  is  seen 
extracted  from  the  shell,  and  the  cirrhi,  or  net  of  juinted  born  and  long  stiff  hairs, 
is  seen  to  advantage.  These  hairs  cross  each  other  at  equal  distances,  and  really 
form  a  beautiful  network,  which  permits  none  but  the  smallest  substances  to  puts 
between  them.  When  the  animal  is  in  this  state,  also,  he  is  perfectly  protected 
from  whatever  his  shell  may  be  adhering  to,  and  quite  out  of  reach  of  all  the  drugs 
in  the  pharmacopoeia. 

It  is  not  the  poisonous  nature  of  copper  which  prevents  these  creatares  from 
fixing  upon  it,  for  indeed  they  do  fix  upon  it,  as  fast  as  upon  any  other  substance, 
but  it  is  its  rapid  oxidation  or  scaling  off  which  prevents  their  remaining  after  they 
do  fix.  It  is  therefore  my  opinion  that,  if  ever  a  covering  is  found  to  protect  an 
inm  ship  from  fouling,  it  will  be  a  pigment  of  some  sort  that  will  possess  the  same 
property  as  yellow  metal  or  copper — namely,  of  scaling  off  and  continually  cleaning 
itself. 

It  was  in  this  direction  that  I  first  extended  my  inquiries,  and  my  proposal  was 
to  cover  the  iron  plates  with  copper  to  a  considerable  depth  before  building  the 
ship,  and  to  give  the  two  metals  a  metallic  connection,  so  that  there  should  be  no 
galvanic  action  evolved  between  them.  These  two  metals,  however,  have  no  affinity. 
They  will  not  weld  together  as  iron  will,  and  therefore  it  was  with  considerable 
difficulty  that  I  succeeded  in  uniting  them.  By  a  certain  chemical  process,  how- 
ever, it  was  done,  as  you  will  see  from  some  small  samples  on  the  table.  Whether 
vessels  may  ever  be  built  in  this  way  I  do  not  know,  there  being  still  some  mechan- 
ical difficulties  in  the  way,  which  I  have  not  as  yet  been  able  to  remove.  But  on 
this  question  I  will  not  dwell,  for  although  prevention  is  said  to  be  better  than 
cure,  the  question  of  prevention  is  as  yet  a  qua?stio  vexata  on  which  not  two  are 
found  to  agree,  but  which,  in  the  absence  of  facts,  may  continue  to  be  a  fair  field 
for  experiment  and  speculation. 

Let  us,  therefore,  now  look  at  another  phase  of  the  subject — namely,  since  we 
cannot  prevent  these  colonizing  fishermen  from  squatting  on  our  property,  what  is 
the  best  way  of  ejeoting  them  ?  I  answer  at  once,  by  mechanical  means  alone. 
This,  in  my  opinion,  is  the  most  effective  plan  and  the  cheapest.  Many  attempts 
have  already  been  made  in  this  direction.  Some  shipmasters  have  tried  the  friction 
of  a  chain  on  the  bottom,  others  a  series  of  wooden  bars  with  pieces  of  iron  upon 
them.  One  machine,  at  present  in  use  in  the  Navy,  is  called  a  u  hog,"  and  con- 
sists of  a  circular  brush,  shaped  like  a  barrel,  and  which  they  cause  to  revolve 
beneath  the  vessel  longitudinally  from  stem  to  stern.  Another  machine  has  been 
tried  in  Liverpool,  consisting  of  a  rope-ladder,  the  steps  of  which  are  broad  pieces 
of  wood,  one  side  being  covered  with  bristles,  forming  a  series  of  brushes,  while  on 
the  other  there  is  a  piece  of  iron,  forming  a  series  of  scrapers.  This  is  placed  round 
the  vessel,  and  is  wrought  by  a  sort  of  see-saw  motion,  rubbing  up  and  down. 

I  have  reason  to  know,  however,  that  neither  of  these  plans  has  given  satis- 
faction, and  whoever  has  examined  the  degree  of  tenacity  with  which  these  creatures 
cling  to  the  iron,  must  know  that  it  is  not  the  soft  persuasion  of  a  brush,  nor  yet 
even  a  gentle  rub,  that  will  induce  them  to  lose  their  hold!  Nothing,  indeed,  but 
a  sharp  steel  edge,  equal  to  that  employed  by  the  hand,  can  ever  make  any  impres- 
sion upon  them. 

The  extent  to  which  a  coating  of  these  animals  retards  a  vessel's  progress  is 
something  very  considerable,  ranging  from  two  to  as  many  as  six  knots  an  hour. 
It  was  a  conversation  with  a  ship's  captain  on  this  subject  which  first  turned  my 
attention  in  search  of  a  machine  to  clean  vessels  while  afloat,  before  they  had  started 
on  their  homeward  voyage.  He  was  a  fine  specimen  of  a  high-minded,  generous 
sailor,  who  so  completely  identified  himself  with  his  ship  that  her  honour  was  to 
him  a  personal  matter,  and  her  disgrace  he  held  as  a  personal  reproach!  He  said, 
in  going  out  he  could  overhaul  all  he  could  see,  and  passed  a  large  number  of  vessels, 
but  in  coming  home  the  circumstances  were  sadly  reversed.  His  ship  vras  fold  and 
would  not  sail,  and  every  other  ship  went  past  her.  "Hang  it,"  said  he,  ''I  was 
so  mad  that  when  I  saw  a  vessel  coming  up  I  used  to  go  below  and  stop  till  they 
had  passed  and  gone  out  of  sight;  for  I  could  not  bear  to  see  my  ship  disgraced!" 

The  mechanical  appliance  for  cleaning  vessels  afloat  which  I  have  the  honour  of 
submitting  to  you  this  evening,  consists  of  what  may  be  shortly  described  as  a 
travelling  lever  fixed  in  a  movable  frame.  The  working  model  before  you  is  pre- 
cisely the  same  as  the  actual  instrument,  only  it  is  made  to  a  scale  of  one  inch  to 
a  foot,  or  i\th  of  the  actual  size.  The  frame  is  a  wooden  sledge  held  close  to  the 
side  of  the  ship  by  two  guide  fines,  upon  which  it  travels  as  upon  a  railway,  down 
to  the  keel  and  back.  It  is  wrought  vertically  over  all  the  ship,  except  upon  the 
quarter,  where  it  should  be  angled  towards  the  stern,  to  allow  it  to  go  into  the 
"run"  of  the  ship. 

By  looking  at  the  drawing,  which  is  constructed  upon  the  scale  of  three  inches 
to  a  foot,  or  one-fourth  of  the  working  size,  the  internal  arrangement  of  the  mechan- 
ical power  will  be  better  comprehended  than  upon  the  model. 

The  line  a  a  a  is  an  outline  of  the  right  side  of  the  sledge,  the  left  side  being 
removed  to  show  the  interior,  b  is  an  upright  fixed  to  the  crossbar,  c,  by  the 
ring  bolt,  d.  To  this  fixed  base,  the  other  two.  sides  of  a  triangle,  e  e,  are  attached, 
but  jointed  and  movable,  while  the  lower  side  of  the  triangle,  g,  passes  through 
double  sheaves,  beyond  the  base,  ending  in  an  eye  for  the  attachment  of  the  soraper- 
rope  at  h.  Upon  the  apex  of  this  triangle,  at  I,  the  scraper-blade  is  fixed,  being 
set  at  right  angles  with  the  shaft,  and  the  long  ears  at  K  being  at  right  angles 
with  the  edge  of  the  blade. 

As  is  shown  by  the  dotted  lines,  l,  m,  when  the  rope,  h,  is  hauled  upon  the 
scraper  it  leaves  its  position  at  k.  and  descends  to  l,  where,  being  beneath  the  level 
of  the  frame,  it  comes  hard  in  contact  with  the  plates  of  the  ship. 

The  lever  being  still  farther  hauled  upon  at  the  fulcrum  at  o,  its  longest  end 
pushes  forward  the  bar,  e,  making  the  machine  travel  forward  on  the  lines,  r, 
which  pass  through  the  double  sheaves  at  q  q,  while  the  scraper-blade  at  l  con- 
tinues its  course  over  the  ship's  plates,  sweeping  everything  before  it. 

By  constructing  the  long  ears  of  the  blade  at  right  angles  with  the  edge,  they 
perform  the  threefold  office  of  keeping  the  blade  within  the  frame  while  passing 
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over  a  hollow  at  the  bow,  or  the  quarter  where  the  blade  requires  to  descend,  as  it 
is  seen  at  M.  They  also  form  an  inclined  plane  for  leading  the  edges  over  the 
landings  of  the  plates,  so  that  it  is  not  impeded  in  its  vertical  course  from  the  keel 
upwards  to  the  bulwarks.  They  also  prevent  the  edge  of  the  scraper  from  going 
too  deep  and  injuring  the  paint  on  the  plates,  as  the  edge  can  never  go  deeper  than 
the  parallel  of  these  inclined  planes. 

The  ropes,  s  and  t,  are  used,  the  former  for  lowering  down  the  machine  and 
adjusting  it ;  the  latter,  as  will  be  seen  on  the  model,  is  for  hauling  the  machine 
down  to  the  keel  against  the  natural  flotation  of  the  frame. 

As  to  the  power  of  scrtq>e  which  the  machine  possesses,  it  can  he  regulated  to 
almost  any  amount  consistent  with  the  strength  of  the  materials  of  which  it  is 
made.  By  keeping  a  gentle  strain  upon  the  back  rope  at  T,  the  machine  will  be 
harder  to  push  along  at  b,  and  the  power  of  scrape  at  L  or  m  will  be  proportionately 
increased;  or  by  slacking  the  rope  at  t,  and  also  throwing  the  guide-ropes  slack, 
pp,  the  machine  will  be  relieved  from  the  pressure  against  the  sides  of  the  ship, 
and  will  be  consequently  easier  pushed  along  at  cj,  and  the  scrape  on  the  ship  at  L. 
or  m  will  be  lightened  in  proportion  as  these  ropes  ai'e  slackened. 

The  other  wooden  frames  or  fenders  which  stand  at  the  keel,  the  bilge,  and 
against  the  topgallant  rails  of  the  ship,  are  merely  for  the  purpose  of  holding  the 


ropes  that  guide  the  machine,  and  for  carrying  the  running  tackle  through  double 
sheeves,  and  so  preventing  the  friction  and  abrasion  of  the  ropes  against  the  plates. 

Such  is  a  brief  outline  of  the  mechanism  of  this  instrument.  It  is  exceedingly 
simple  in  its  construction,  and  easily  managed  in  its  working.  It  is  moved  fore 
and  aft  the  ship  by  fleet  lines  attached  to  the  fender  at  the  keel.  It  is  thus  per- 
fectly under  command,  and  can  be  sent  down  to  any  part  of  the  ship's  bottom; 
and  if  it  is  at  any  time  desirable  merely  to  try  the  condition  of  the  plates,  it  is  only 
necessary  to  attach  a  bag  of  thin  cloth  or  small  mesh-net  to  the  instrument  at  the 
part  from  i  to  q,  and  it  will  bring  to  the  surface  whatever  it  takes  from  the  bottom ; 
so  that  you  may  always  know  whether  you  are  taking  anything  off,  or  whether 
there  is  anything  to  take  off. 

From  the  glance  that  we  took  at  the  natural  history  of  the  barnacle,  we  saw  that 
they  only  inhabit  the  shallow  waters.  If,  therefore,  a  vessel  be  gone  over  with  this 
scraper  immediately  before  leaving  a  foreign  port,  and  perhaps  get  another  going 
over  while  waiting  for  wind  in  the  tropics,  she  will  come  home  here  comparatively 
clean — nearly  as  clean  us  when  she  went  out.  If  so,  then  the  object  so  much  desired 
will  be  gained.  Iron  ships  will  acquire  that  ascendancy  in  point  of  speed  which 
the  material  of  their  construction  ought  to  confer  upon  them,  while  the  expense  of 
keeping  them  clean  will  be  less  than  the  putting  of  copper  on  a  vessel  of  wood; 
and  thus  it  is  hoped  another  step  will  be  gained  in  the  great  march  of  industrial 
progress. 


THE  DUBLIN  INTERNATIONAL  EXHIBITION,  1865. 

The  awards  of  the  jurors  in  the  several  Classes  have  now  been  made,  and  pub- 
lished along  with  the  reports  of  the  juries  of  the  various  Sections.  Some  of  the 
latter  are  of  a  character  sufficiently  original  and  valuable  to  be  worthy  of  selection 
and  reprint  in  our  pages. 

SECTION  II— CHEMICAL  AND  PHARMACEUTICAL  PROCESSES, 
AND  PRODUCTS  GENERALLY. 

To  write  a  similar  report  to  that  of  "  Class  II.,  International  Exhibition,  Lon- 
don, 1862,"  would  be  a  superfluous  and  vain  attempt,  even  if  the  materials  in  the 
hands  of  the  reporter  were  sufficient.  At  one  time  the  question  was  mooted 
whether  this  jury  should  send  in  anything  further  than  a  simple  list  of  awards; 
but  upon  more  mature  consideration  it  was  thought  desirable  that  any  peculiarities 
or  novelties  brought  forward  should  be  placed,  if  possible,  in  a  condensed  form 
before  the  public,  so  that  the  present  Exhibitiom  should  become,  in  a  degree,  a 
permanent  record  of  industrial  progress. 

In  chemistry  proper,  the  reporter  has  not  much  to  note  as  novel.  This  may  be 
accounted  for  from  the  fact  that  so  short  a  time  has  elapsed  since  the  last  London 
Exhibition,  and  also,  that  there  are  few  of  the  principal  leading  products  of  applied 
chemistry,  viz.,  sulphuric  acid,  alkalies,  bleaching  powder,  &c,  exhibited.  Com- 
mercial aeUs  and  bleaching  powders  are  shown  in  the  British  ami  Italian  depart- 
ments; but  the  only  exhibitors  of  soda  ash  and  sodium  products  are  J.  Hutchinson 
&  Co.,  Widnes  (United  Kingdom,  36),  who  give  specimens  of  crystals  of  carbonate 
and  bicarbonate  of  sodium  (the  latter  pseudomorphe);  two  specimens  of  caustic 
soda  fused.  These  contain  60  and  70  per  cent,  of  soda.  The  latter  may  be 
viewed  as  nearly  pure  hydrate,  the  theoretical  quantity  being  77'6.  Caustic  soda 
may  be  looked  upon  as  one  of  those  articles  but  lately  introduced  into  commerce, 


and  yet  it  bids  fair  to  become  one  of  the  most  important  of  the  sodium  products. 
The  specimens  shown  by  the  above  firm  are  examples  of  the  perfection  to  winch 
any  individual  article  of  industry  may  rise  in  a  short  time,  if  there  is  a  demand. 
Independently  of  the  use  of  this  product  by  the  soap  and  other  manufacturers, 
there  can  be  no  doubt  that  the  late  American  war,  from  the  restriction  it  put  upon 
the  potassium  compounds,  gave  an  impetus  to  the  caustic  soda  trade.  This  soda 
is  now  largely  exported  to  America  and  Australia.  Messrs.  Hutchinson  &  Co, 
also  show  a  specimen  of  precipitated  sulphur,  procured  from  the  sulphide  of  calcium, 
of  the  alkali  waste.  If  they  can  successfully  carry  this  out,  they  have  solved  one 
of  the  most  difficult  problems  of  the  alkali  manufacturers.  The  great  weight  of 
the  material  that  has  to  be  handled,  combined  with  the  nuisance  arising  from  the 
working,  has  been  so  far  a  prohibition  to  the  adoption  of  many  of  the  numerous 
processes  introduced. 

In  connection  with  this  class  of  manufacturers  we  may  notice  a  fine  case  of 
platinum  stills,  syphons,  and  other  apparatus,  exhibited  by  Messrs.  Johnson, 
Matthey,  &  Co.,  London  (United  Kingdom,  21).  These  articles  are  all  soldered 
by  fusing  the  seams  together,  instead  of  using  gold:  a  more  perfect  joint  is  by 
this  means  procured,  at  a  less  expense.  This  case  raised,  some  time  since,  a 
friendly  discussion*  between  Messrs.  Johnson  &  Co.  and  the  reporter,  in  reference 
to  the  substitution  of  glass  for  platinum  in  the  concentration  of  sulphuric  acid. 
The  real  position,  in  the  opinion  of  the  reporter,  as  regards  this  important  point, 
is,  that  the  advantages  and  disadvantages  are  so  nearly  balanced,  that  in  England, 
where  fuel  is  not  of  so  much  importance,  the  manufacturers  are  reverting  back  to 
the  glass,  but  that  on  the  continent,  fuel  being  of  greater  consideration,  the 
platinum  still  holds  its  ground,  and  is  likely  to  do  so,  from  its  greater  economy  in 
this  respect.  This  firm  also  shows  some  specimens  of  the  refractory  metals  and 
rare  elements,  which  could  hardly  have  been  produced  in  such  quantities  had  it 
not  been  for  the  experiments  of  Deville,  Debray,  and  others.  Products  of  the 
Magnesium  Company,  Sonstadt's  patent,  are  exhibited  by  this  firm ;  and  as  we 
owe  the  production  of  this  metal,  in  a  commercial  aspect,  entirely  to  the  latter 
gentleman's  perseverance,  a  special  medal  would  have  been  awarded,  but  that  the 
rules  of  the  Exhibition  Committee  prohibit  any  but  exhibitors  from  receiving 
medals.  Messrs.  Johnsons  &  Sons,  London  (United  Kingdom,  22),  show  a  case, 
perhaps  less  pretentious,  but  containing  products  equally  good.  Gold,  silver,  and 
uranium  salts,  are  also  well  shown  in  both  these  cases. 

In  iodine  and  bromine  products,  Messrs.  Tissier  &  Son  (France,  7)  show  some 
fine  specimens;  the  iodide  of  mercury,  being  crystals  got  by  sublimation,  instead 
of  the  ordinary  process  of  precipitation.  The  French  and  German  firms  had 
almost  entirely  the  supplying  of  the  British  market  with  bromine  until  lately;  but 
we  find  that  Mr.  Edward  Stanford  includes  this  element  amongst  his  products. 
Mr.  Stanford's  process  for  working  seaweed  is  illustrated  by  a  series  of  specimens 
exhibited  by  the  British  Seaweed  Co.  (United  Kingdom,  13).  This  process, 
although  of  modern  date,  is  well  known  to  the  chemical  public.  The  systems 
generally  used  in  working  kelp  are  still  of  the  old  crude  and  primitive  style.  In 
most  of  the  methods  about  one  half  of  the  iodine  contained  in  the  seaweed  is 
volatilized.  We  look  upon  Mr.  Stanford's  method  as  the  first  one  which  has  been 
at  all  successfully  worked  with  a  view  to  prevent  this.  He  incinerates  the  seaweed 
inclosed  in  iron  retorts,  and  by  this  means  saves  a  large  number  of  by-products, 
the  result  of  the  destructive  distillation  of  the  organic  matter.  But  he  also  aims 
at  a  further  yield  of  the  iodine.  A  glance  at  the  semi-fused  lump  of  kelp  in  the 
French  department  will  bring  forcibly  before  us  the  advantages  of  this  process. 
Another  company,  the  Marine  Salts  Co.  of  Ireland  (United  Kingdom,  28),  lately 
started,  also  exhibits  a  series  illustrative  of  a  new  method  of  making  iodine. 

There  are  not  many  general  collections  of  chemicals;  but  one  that  requires 
special  mention  is  that  of  Henner  &  Co.  (Switzerland,  1).  This  comprises 
technical  products,  photographic  and  rare  organic  chemicals.  Some  of  the  latter 
were  examined  by  one  of  the  jury  (Dr.  Maxwell  Simpson),  and  found  to  be  what 
might  be  termed  very  fair  commercial  specimens.  As  he  remarks,  it  offers  great 
facilities  to  original  research,  that  such  substances  can  be  procured  in  quantities, 
and  at  reasonable  prices.  Amylene  (C5H10)  was  one  of  the  products  examined. 
"  Almost  the  entire  quantity  I  took,"  says  Dr.  Simpson,  "  distilled  over  between 
35°  to  45°  cent.  The  distillate  on  being  agitated  with  a  solution  of  chloride  of 
iodine  yielded  chlor  iodide  of  amylene  (C^H|0C1L),  a  new  body,  an  account  of 
which  has  not  yet  been  published.  The  iodide  of  allyle  (C3H5I)  is  also  a  good 
product,  the  greater  part  distilled  over  between  100°  to  106°  cent.;  on  being 
agitated  with  metallic  mercury  it  became  a  mass  of  yellow  crystals,  the  mercuro- 
iodide  of  allyle  [(C3H5)  Hg2I].  The  butylic  alcohol  distilled  over  between  104° 
to  120°  cent.,  and,  treated  with  iodine  and  phosphorus,  yielded  iodide  of  butyle, 
the  boiling  point  of  which  was  about  121°  cent."  Another  case  of  great  interest 
is  that  of  Dr.  Schuchardt,  Silesia  (Zollverein,  16).  This  collection  is  of  a  morj 
special  character.  The  contents  consist  of  chemicals  used  in  glass  staining.  He 
also  exhibits  a  siccative,  specimens  of  which  will  also  be  found  exhibited  by 
Candiani  &  Co.,  Milan  (Italy,  26).  This  is  borate  of  manganese,  2  oz.  of  which 
are  said  to  render  drying  1  cwt.  of  oil.  The  last  two  cases  are,  in  the  reporter's 
opinion,  especially  worthy  of  note.  In  connection  with  the  Zollverein  department 
the  watch  oils  have  been  individualized  by  a  medal  to  each  exhibitor.  Some 
examined  by  the  reporter  were  found  to  consist  of  pure  and  very  neutral  olein. 
Submitted  to  a  long  and  continuous  temperature  of  0  cent,  these  oils  became 
viscid,  but  not  the  slightest  solidification  was  observed.  Lubricating  oils  for  fine 
machinery,  procured  from  the  glycerides,  will  always  be  open  to  the  objection  that 
they  become  rancid  upon  exposure  to  air  and  light,  and  the  reporter  is  of  opinion 
that  the  best  oil  for  these  purposes  is  to  be  procured  from  some  of  the  less  volatile 
hydrocarbons,  which  are  the  products  of  distillation  of  mineral  oils. 

In  the  Canadian  department  we  get  a  specimen  of  the  oil  from  the  mineral 
springs,  exhibited  by  D.  Bogart,  Gaspe-  (Canada,  5);  also  a  specimen  marked 
cedar  oil,  which  was  examined  by  Professor  Jellett,  who  gives  the  following  account 
of  it:- — The  specific  gravity  is  "9235.  Rotates  the  plane  of  polarization  of  a 
transmitted  ray  to  the  left.  Taking  the  rotary  power  of  American  oil  of  turpentine 
(which  is  in  an  opposite  direction)  as  unity,  the  rotary  power  of  oil  of  cedar  is 
1*247°.  In  this  department  chrome  yellows  are  exhibited,  procured  from  the 
*  Cliemical  News,  June  16  and  July  7,  1S65. 
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native  chrome  iron,  considerable  quantities  of  which  are  found  among  the  mineral 
riches  of  Canada. 

In  the  collection  of  colours,  Hare  and  Co.,  Bristol  (United  Kingdom,  19),  carry 
off  the  palm  by  their  fine  display,  in  all  the  gradations  of  the  chromatic  scale,  viz., 
shades  known  under  the  names  of  Brunswick  green,  chrome  yellow,  Prussian  blue, 
Chinese  blue,  pure  blue,  Brunswick  and  celestial  blue,  purple,  browns,  Indian  red, 
and  lakes.  The  specimens  of  white  lead  are  numerous,  and  both  those  of  Messrs. 
Walker,  Parker,  and  Co.,  Chester  (United  Kingdom,  837),  and  Messrs.  S.  and  W. 
Tudor,  London  (United  Kingdom,  35)  are  excellent.  Good  specimens  will  also  be 
found  in  the  Belgian  department.  There  are  several  second  qualities  of  this  article 
scattered  through  the  building ;  but  according  to  the  analyses  made  by  Professor 
Galloway,  in  every  case  the  deteriorations  are  produced  by  the  admixture  of  sulphate 
of  barium.  In  pigments  for  metal  work  there  is  one  in  the  Belgian  department 
which  requires  a  short  notice,  from  the  fact  that  the  ferruginous  pigments  are 
becoming  very  general.  The  objection  to  the  old  "priming"  colour,  red  lead,  is, 
that  for  irou  work  it  seems  to  produce  some  oxidizing  influence  upon  the  surface  of 
the  metal.  This  objection  also  holds  good  in  connection  with  precipitated  oxides 
of  irons,  nnless  they  are  very  carefully  washed.  There  is  a  class  of  ferruginous 
oxides  which  consist  of  burnt  ochres,  containing  a  considerable  amount  of  clay,  which 
would  interfere  very  much  with  the  body  and  protective  power  of  the  pigment.  The 
specimens  exhibited  by  De  Cartie  Auderghem  (Belgium,  15),  under  the  name  of 
*"  Minium  de  fer  d' Auderghem,"  seem  to  possess  advantages  over  the  ordinary  pre- 
parations, as  they  consist  of  roasted  haematite  finely  levigated  with  water. 

The  candle  and  soap  making  trades  are  well  represented  in  this  Exhibition.  The 
British  and  Irish  exhibitors  are  on  the  whole  very  superior  to  the  Foreign  and 
Colonial  both  in  candles  and  soaps,  and  it  is  perhaps  the  only  branch  in  this  Section 
where  any  marked  superiority  is  observed.  It  is  evinced  both  in  the  appearance 
and  quality,  most  of  the  foreign  soaps  presenting  an  amount  of  causticity  very 
undesirable.  There  are  certain  names  which  have  become  household  words,  and 
although  so  intimately  connected  with  these  branches  of  industry,  they  seem  to 
the  reporter's  mind  to  embody  much  more  than  the  name  of  a  successful  trader. 
If  such  names  were  merely  printed  and  placed  in  an  industrial  exhibition,  they 
would  be  entitled  to  the  highest  honours  a  jury  could  give.  The  reporter  refers  to 
firms  that  have  opened  up  discoveries  and  branches  of  industry  entirely  new,  and 
after  innumerable  difficulties  have  brought  the  art  of  their  discoveries  to  the  highest 
state  of  perfection.  We  have  not  a  few  such  exhibitors  in  this  Section.  First,  the 
firm  that  trades  under  the  name  of  "  Price's  Patent  Candle  Co."  (United  Kingdom, 
31).  To  this  firm  we  owe  the  great  perfection  to  which  the  distillation  of  glycerides 
or  saponifiable  fats  is  carried,  i.e.,  so  as  to  procure  intact  the  glycerine.  Indeed 
with  them,  we  may  say,  arose  the  birth  of  chemically  pure  glycerine. 

To  Mr.  Young  (United  Kingdom,  41)  we  owe  the  greater  part  of  the  supply  of 
the  paraffine  used  in  this  country,  procured  by  the  patentee  from  the  Bog  Head  coal. 

The  next  important  exhibitor  amongst  this  class  is  Mr.  Gossage  (United  Kingdom 
830),  to  whom,  independently  of  the  articles  he  exhibits,  we  owe  many  improvements 
in  technical  chemistry.  His  soaps  are  silicated  soaps,  namely,  soaps  containing  a 
certain  amount  of  soluble  glass.  They  are  coloured  with  the  aniline  dyes.  Most  of 
tbe  soaps,  British  and  Foreign,  were  examined  in  Dr.  Apjohn's  laboratory. 

The  following  names  may  be  especially  mentioned  as  affording  fine  specimens  of 
candle  manufacturing: — Messrs.  J.  C.  &  J.  Field,  London  (United  Kingdom,  17), 
J.  G.  Eathborne,  Dublin  (United  Kingdom,  831);  and  Messrs.  Taylor  &  Co.,  Leith 
(United  Kingdom,  34).  Also  good  specimens  of  naturally  bleached  wax,  and  candles 
made  therefrom,  are  shown  by  Petricioli,  of  Dalmatia. 

In  perfumery,  very  good  articles  will  be  found  in  the  stands  of  Lewis,  Dublin 
(United  Kingdom,  24);  Piesse  and  Lubio,  London  (United  Kingdom,  29);  and 
Eimmel.  London  (United  Kingdom,  38). 

Perhaps  there  is  no  Section  that  embraces  such  a  mixture  of  different  classes  of 
exhibitors  as  Section  II.  One  of  them  is  a  photographic  firm,  and  as  there  is  a 
special  Section  for  photography,  it  at  first  sight  might  appear  strange  that  they 
compete  in  Section  II.,  but  they  appear  as  manufacturers  of  photographic  collodions 
and  other  chemicals,  also  as  the  inventors  of  a  new  photographic  chemical  process. 
It  is  with  much  pleasure  that  the  reporter  is  enabled  to  treat  in  a  few  words  of  the 
inventions  of  such  importance  as  are  here  exhibited  by  Messrs.  Mawson  and  Swan 
(United  Kingdom,  27).  There  have  been  two  desiderata  in  connection  with 
photography,  each  of  which  has  been,  from  time  to  time,  the  sztmmum  bomtm  of 
photographic  ambition.  One  was  the  printing  in  carbon,  so  that  the  picture  mitrht 
be  permanent,  and  the  other  the  fixing  of  the  natural  tints  in  the  picture.  The 
first  we  may  consider  as  accomplished  by  Mr.  Swan — not  only  accomplished,  but 
worked  out  wlh  such  results  that  the  most  fastidious  cannot  cavil.  This  process 
is  based  upon  the  fact  that  gelatine,  containing  a  small  quantity  of  bichromate  of 
potassium,  is  rendered  insoluble  when  submitted  to  the  chemical  action  of  the  sun's 
rnys.  All  attempts  in  this  direction  had  hitherto  failed,  as  no  halftones  were  pro- 
duced. The  specimens  shown  are  beautiful  in  the  extreme.  The  liability  of 
photographs  to  fade  has  tended  more  than  anything  else  to  narrow  photography  as 
an  industrial  art.  Messrs.  Mawson  and  Swan  also  show  collodion  remarkable  for 
extreme  sensitiveness,  and  yet  having  been  more  than  six  months  iodized.  They  also 
show  collodion  for  glazing  pictures,  and  also  for  fixing  crayon  drawings  (a  new  idea). 
Also  a  new  application  of  Mr.  Wharton  Simpson's  "collodio-chloride  of  silver"  for 
glass  printing.  Mr.  Simpson's  original  preparation  would  not  do  for  this  purpose, 
and  we  believe  the  preparation  shown  contains  citric  acid. 

Messrs.  Dubosc  and  Co.  (France,  6)  exhibit  some  solid  extracts  evidently  prepared 
with  great  care.  They  were  found  by  the  reporter  to  be  perfectly  soluble,  and  to 
give  transparent  solutions.  These  extracts  are  made  for  dyeing  purposes,  and  are 
said  by  the  exhibitors  to  be  used  in  preference  to  the  woods  by  many  of  the 
Manchester  houses. 

In  Victoria  there  are  exhibited  some  gums  and  essential  oils,  many  of  them  new 
to  British  commerce.  The  peppermint  oil,  distilled  from  the  plant  grown  in  the 
colonies,  is  excellent.  The  oil  of  amygdalina  odorata,  from  its  price,  might  be 
used  in  perfuming  cheap  soaps;  whilst  the  kino,  like  gums  from  Eucalyptus 
rostrata  and  E.  amygdalina,  might  be  used  for  medical  or  tanning  purposes.  The 
essential  oils  have  been  examined,  as  regards  their  physical  properties,  by  Dr. 
Gladstone  {vide  Jrmmal  of  the  Chemical  Society^  vol.  xvii.,  p.  1). 


*  In  tbe  Italian  department  we  meet  some  things  of  great  interest.  The  mannite, 
or  sugar  of  mushrooms,  exhibited  by  Prof.  De  Luca,  University  of  Naples  (Italy, 
32),  is  procured  from  the  olive  tree;  also  bicarbonate  of  potassium  and  sodium, 
exhibited  by  Giuseppe  Ciaranfi  (Italy,  28),  and  obtained  by  submitting  crude  soda 
and  potash  to  the  action  of  tbe  carbonic  anhydride  evolved  from  the  mineral 
springs  of  Cinciano.  The  carbonate  of  iron  shown,  as  might  be  imagined,  only 
contained  about  10  per  cent,  of  that  substance  when  examined  by  the  reporter; 
but  the  other  products  are  very  good.  The  legitimate  application  of  such  carbonic 
anhydride  streams  would  be  to  carbonate  the  liquors  in  making  soda  ash,  and  thus 
to  prevent  that  source  of  trouble — the  formation  of  sulphide  of  sodium  by  the 
presence  of  caustic  soda.  M,  Scheurer  Kestner  expresses  the  formation  of  sulphide 
of  sodium  in  the  black  ash  residue  by  the  following  series  of  equations : — 

(Ca20)-+(Na2C03)»=(Ca2C03)a+(N^O)a. 
(Na20)a-j-(Ca2S)*  =(Na2S)a  4-(Ca20)b 
(Ca20)b  4- (Na.2C03)b  =(Ca2C03)b-f(Xa.>0)b. 
(Na20)b  +(Ca2S)b      =(Na2S)b     -f(Ca20)<\ 

The  finest  starch  is  exhibited  by  Messrs.  J.  and  J.  Colman  (United  Kingdom,  39), 
who  also  introduce  a  novelty  suggested  by  the  Society  of  Arts,  viz.,  "coloured 
starches."  They  consist  of  rice  starch  tinted  with  the  aniline  colours.  Muslins 
starched  with  these  preparations  become  temporarily  dyed,  and  we  believe  that  the 
colours  are  quickly  and  effectually  removed  by  washing. 

The  specimens  of  ethers  shown  by  Messrs.  Boileau  and  Boyd  (United  Kingdom, 
42),  are  very  good. 

In  justice  to  the  other  members  of  the  jury,  the  reporter  is  bound  to  state  that, 
although  he  thinks  he  has  in  most  cases  conveyed  the  opinions  of  his  fellow-jurors, 
he  alone  is  responsible  for  the  matter  contained  in  this  short  resume.  He  was  in 
hopes  that  he  would  have  had  their  advice  in  the  matter;  but  it  was  not  to  be: 
with  one  exception,  unforeseen  circumstances  had  scattered  the  workers  in  Sec.  II. 
in  all  directions,  so  that  in  this  respect  he  was  dependent  upon  the  pleasant  recol- 
lections of  their  mutual  co-operation. 

In  conclusion,  it  is  necessary  to  state  that  the  names  of  many  exhibitors  of  con- 
siderable importance  have  been  passed  over  in  silence,  in  consequence  of  the  short 
space  at  the  disposal  of  the  reporter. 

CHS.  R.  C.  TICHBOENE. 


SECTION  XXX.-PHOTOGRAPHS. 

The  department  of  Photography  at  the  International  Exhibition  of  Dublin,  as 
might  be  expected  from  the  geographical  position  of  that  city,  does  not  exhibit  so 
complete  a  representation  of  the  art  as  could  be  wished.  Many  photographers  of 
reputation  in  England,  France,  Germany,  America,  and  other  countries,  are  wanting; 
and  this  deficiency  is  the  more  observed  when  we  recollect  the  great  display  of 
photography  at  the  International  Exhibition  of  1862,  and  the  splendid  specimens 
there  collected  from  all  parts  of  the  world.  We  must,  however,  bear  in  mind  that 
photography  had  then  attained  a  very  high  state  of  perfection,  and  that  it  was  not 
to  be  expected  it  could,  in  so  short  a  period  as  three  years,  show  any  very  great 
advance.  Nevertheless,  under  all  disadvantages,  it  must  be  admitted  that  the  dis- 
play is  successful. 

The  Photographic  Department  has  been  well  organized ;  spacious  rooms  of  an 
easy  access  have  been  devoted  to  the  display  of  the  specimens.  The  only  thing  to 
be  regretted  is  the  want  of  top  light,  without  which  no  picture  can  be  shown  to 
advantage,  and  especially  photographs,  which  are  generally  taken  either  in  open  air 
or  under  sky-lights,  with  light  from  above.  As  a  rule,  pictures  should  be  viewed 
with  the  light  in  the  same  direction  as  that  in  which  they  are  produced  or  painted; 
otherwise  there  is  something  false  and  unnatural  in  the  effect.  For  this  reason 
photographs,  being  nearly  always  taken  with  the  light  more  above  than  under  an 
angle  of  45°,  should  be  exhibited  under  top  lights. 

Notwithstanding  these  somewhat  hypercritical  remarks,  made  for  the  sake  of  a 
better  arrangement  in  future  exhibitions,  the  public  has  had  a  very  good  oppor- 
tunity of  examining  and  comparing  the  merits  of  all  the  various  specimens  exhibited, 
including  some  interesting  new  processes  introduced  in  the  art  since  tbe  exhibition 
of  18G2. 

These  new  processes  are — the  Wothlytype,  the  developing  by  formic  acid,  the 
Simpsontype,  the  casket  portraits,  photosculpture,  and  carbon  processes.  These  new 
discoveries  have  given  to  the  Dublin  Exhibition  a  character  of  great  interest,  and 
no  far  to  compensate  for  many  of  its  unavoidable  deficiencies.  The  absence  of  many 
English  and  foreign  photographers  of  reputation  is  apparent  from  the  deficiency  of 
artistic  character,  particularly  in  portraiture,  though,  of  course,  there  are  brilliant 
exceptions;  and  we  call  attention  to  this  with  tbe  desire  of  pointing  out  to  photo- 
graphers how  essential  is  this  quality,  and  that  without  it  photographic  portraiture 
cannot  obtain  the  support  of  the  well-educated  part  of  the  community,  and  deserve 
the  encouragement  of  those  who,  by  their  studies  and  artistic  instruction,  generally 
lead  the  taste  of  the  public.  In  portraiture  the  aim  should  be  not  only  to  produce 
well-defined,  clear,  and  good  photographs,  but  to  give  to  the  sitter  a  natural  pose, 
without  vulgarity;  to  arrange  the  draperies  with  taste  ;  to  avoid  unnecessary  and 
incongruous  accessories,  and  so  to  light  the  subject  that  the  features  and  counte- 
nance will  he  brought  out  in  the  most  favourable  way.  We  are  especially  led  to 
these  remarks  by  the  examination  of  a  number  of  portraits  and  groups  exhibited  by 
Mrs.  Cameron,  which,  although  as  photographs  they  are  very  indifferent,  arising  possi- 
bly from  the  want  of  first-rate  apparatus,  a  sufficient  experience  in  manipulation, 
or  from  other  causes,  are  the  works  of  a  true  artist.  There  is  no  experienced  judge 
who  would  not  prefer  these  productions,  with  their  manifest  imperfections,  to  many  of 
the  best  manipulated  photographic  portraits  which  are  to  be  seen  in  the  Exhibition. 

The  more  Mrs.  Cameron's  productions  are  examined,  the  more  they  are  appre- 
ciated. At  first  sight  they  may  be  neglected  and  misunderstood,  but  at  a  second 
and  third  visit  her  frames  are  those  which  at  once  attract  attention. 

That  composition  is  the  main  quality  in  photographic  portraiture,  and  that 
mechanical  skill  and  artistic  taste  may  be  united  with  it,  is  well  exemplified  in  the 
portraits  and  groups  exhibited  to  which  medals  are  awarded.  In  addition  to  those 
selected  for  award  of  medals  the  studies  by  the  late  Viscountess  Hawarden  are 
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worthy  of  the  highest  commendation.  The  jury  feci  sensibly  the  loss  which  the 
photographic  art  has  sustained  in  the  death  of  so  accomplished  an  artist,  and  regret 
that  they  are  thus  prevented  from  marking  their  sense  of  the  merit  of  Lady  Hawar- 
den's  pictures  by  the  award  of  a  medal. 

A  cursory  inspection  of  a  number  of  photographic  portraits  will  generally  enable 
a  correct  judgment  to  be  formed  how  far  the  operator  is  a  person  of  taste  and  refine- 
ment, and  has  had  artistic  training.  Such  men  never  exhibit  what  is  deficient  in 
effect  and  composition ;  as  they  cannot  always  be  successful,  they  have  the  good 
sense  to  know  their  failures,  and  they  reject  or  destroy  every  negative,  however  per- 
fect it  mav  he  as  a  photograph,  if  the  artistic  effect  and  composition  are  not  com- 
pletely satisfactory. 

There  is  another  point  which,  though  not  strictly  connected  with  photography, 
calls  for  observation.  We  allude  to  the  mounting  and  frames  in  which  photographs 
are  frequently  exhibited.  Here  again  the  true  artist  may  he  detected  by  his  choice 
in  tins  direction.  When  photographs  are  surrounded  by  gaudy  borders,  strange 
devices,  inartistic  ornaments,  and  discordant  colours,  it  can  scarcely  be  expected 
that  they  have  been  produced  by  operators  of  sound  taste  ;  and  when  examined  it 
will  assuredly  turn  out  that  they  exhibit  more  or  less  incongruity  or  irregularity  in 
the^ose  and  composition.  These  remarks  have  been  called  forth  by  the  display  of 
too  many  of  this  class  of  mounting  and  frames  in  the  present  Exhibition. 

The  choice  of  the  subjects  fur  exhibition  is  another  test  of  the  artistic  training 
and  natural  disposition  of  the  operator.  The  portraits  exhibited  should  be  of 
eminent  persons,  in  whom  the  public  take  an  interest,  the  principal  merit  in  such 
an  exhibition  being  its  historical  and  instructive  character,  or  they  should  be 
selected  as  illustrations  of  beauty  of  features  and  excellence  of  form.  A  photo- 
grapher who  exhibits  productions  without  reference  to  these  conditions,  however 
perfect  they  may  be  as  the  result  of  manipulation,  lowers  the  art  he  is  practising, 
and  shows  that  he  is  not  an  artist. 

In  many  cases  frames  are  exhibited  containing  one  or  two  dozen  of  portraits, 
without  any  care  or  reason  for  their  selection,  and  the  exhibitor  would  have  better 
served  his  interest  and  his  reputation  had  he  chosen  out  of  that  number  two  or 
three  specimens,  and  rejected  all  the  others. 

The  same  remark  may  be  made  respecting  the  reproductions  of  landscapes,  build- 
ings, and  views  of  ancient  and  modern  architecture.  None  should  be  exhibited  if 
the  subject  has  nothing  to  make  it  interesting.  The  subject  chosen  by  the  photo- 
grapher is  the  surest  criterion  of  his  feeling  and  taste,  and  in  exhibiting  pictures 
which  please  the  eye  and  elevate  the  mind,  he  ennobles  the  art  he  is  practising. 
The  desideratum  for  a  photographer  is  to  know  when  be  has  succeeded  in  produc- 
ing a  satisfactory  result — and  this,  it  appears,  is  not  so  easy  a  matter. 

It  is  not  to  be  supposed  that  such  men  as  Bedford,  Maxwell  Lyte,  Mudd, 
England,  Heath,  and  others,  have  never  failed  in  their  attempts.  But  they  have  had 
the  judgment  and  good  taste  never  to  exhibit  a  picture  which  is  not  remarkable  in 
some  of  the  qualities  which  distinguish  the  true  works  of  art.  When  we  examine 
the  specimens  exhibited  by  such  artists,  we  cannot  but  acknowledge  their  excellence, 
that  they  do  the  greatest  honour  to  photography,  and  are  capable  of  elevating  it  to 
the  rank  of  fine  art.  Vulgarity  and  absence  of  taste  have  been  the  greatest  enemies 
of  photography,  and,  if  not  checked  in  time,  will  degrade  the  art,  and  cause  the 
decadence  of  that  marvellous  discovery,  of  which  there  appear  already  too  many  signs. 

Landscapes,  mountain  and  sea  views,  architectural  subjects,  ancient  and  modern, 
all  these  are  a  field  which  cannot  be  worked  out  except  by  those  who  understand 
the  beautiful.  The  mere  choice  of  the  subject,  the  moment  at  which  it  is  to  be 
represented,  when  the  effects  of  light  are  the  most  favourable,  require  the  eyes  and 
feeling  of  artists.  In  their  hands  photography  is  only  the  means  of  catching  the  picture 
they  have  selected,  to  represent  nature  in  some  point  of  beauty.  For  this,  they 
must,  of  course,  make  use  of  perfect  instruments,  and  manipulate  well ;  but  the 
principal  merit  of  their  works  is  due  to  the  selection  of  the  subject,  and  to  the 
treatment  of  its  reproduction. 

The  enlargement  of  photographs  has  been  illustrated  by  some  good  specimens; 
but  they  are  generally  deficient  in  the  choice  of  models.  It  is  especially  important 
in  this  class  of  works,  that  the  operator  should  choose  pleasing  subjects,  which 
might  induce  the  public  to  encourage  this  branch  of  the  art,  and  serve  as  studies  to 
the  painters.  There  are  features  which  ought  never  to  be  enlarged  to  the  size  of 
nature  by  the  process  of  photography.  Enlargements  maybe  usefully  employed  by 
clever  painters,  who,  in  preserving  the  likeness  and  the  true  proportions  of  the 
features  which  they  have  for  their  guide,  are  capable  of  imparting  to  the  picture  the 
refinements  of  art,  and  thus  produce  a  pleasing  likeness  from  an  unpleasing  photo- 
graph. As  mere  photographs,  enlargements  of  portraits  will  rarely  be  pleasing, 
and  are  not  suitable  for  exhibition  to  the  uninitiated  public. 

Among  the  examples  of  enlargements  .there  are  two  series  of  this  kind  of  produc- 
tion from  the  same  negative,  enlarged  from  its  small  size,  in  various  proportions, 
gradually  increased.  They  are  ajl  beautifully  defined  and  well  executed,  showing 
great  skill  in  the  photographic  manipulation.  These  enlargements,  performed  by 
the  solar  camera  of  Dr.  Von  Monkhoven,  have  been  produced  and  exhibited  by  Mr. 
Mayall.     They  show  the  great  perfection  of  this  improved  apparatus. 

The  specimens  of  rapidly  taken  portraits  of  children,  produced  by  the  means  of 
Formic  acid  developer,  are  bright  and  clear,  and  prove  that  the  negatives  made  by 
this  new  developer  have  all  the  qualities  of  the  best  ordinary  modes  of  development. 
This  is  exemplified  by  a  number  of  instantaneous  portraits  of  babies  and  groups  of 
children,  exhibited  among  the  contributions  of  Mr.  Claudet.  His  son,  Mr.  Henri 
Claudet,  by  a  proper  combination  of  other  substances  with  formic  acid,  has  brought 
out  in  all  its  force  the  developing  power  of  this  acid,  the  employment  of  which  as  a 
photographic  agent  had  originally  been  suggested  by  Mr.  Maxwell  Lyte,  and  he  has 
liberally  published  his  formula  in  the  Journal  of  the  Photographic  Society,  so  that 
every  photographer  can  avail  himself  of  its  advantages. 

Mr.  Wharton  Simpson,  well  known  for  his  scientific  researches  in  photography, 
and  his  unflinching  devotion  to  the  art,  actuated  by  the  same  honourable  feeling, 
has  also  published,  through  the  Photographic  Society,  his  very  interesting  discovery 
of  a  process  called  Simpsontyp^  which  has  introduced  great  simplicity  in  the  mani- 
pulation, and  which,  for  this  reason,  will  be  very  useful  to  the  amateur  as  well  as 
professional  photographer.  The  specimens  shown  are  very  effective  and  perfect, 
and  a  medal  has  been  awarded  to  him. 


Swan's  carbon  process  is  deserving  of  high  commendation,  and  is  a  step  in  the 
right  direction ;  and  the  jury  desire  to  mark  their  sense  of  its  importance  by  the 
award  of  a  medal. 

The  Wothlytype,  invented  by  Mr.  Wothly,  a  German  photographer,  is  another 
recent  process  which  would  be  a  great  .acquisition  to  the  art  of  photography,  if  it 
should  turn  out  as  announced,  that  the  substances  employed  in  its  manipulation 
are  less  expensive,  the  manipulation  more  simple,  and  that  the  pictures  printed  by 
this  means  are  less  liable  to  fade  than  when  produced  by  the  usual' process.  How- 
ever, of  this  last  merit  time  alone  can  decide.  A  number  of  specimens  produced  by 
the  Wothly  type  have  been  exhibited,  produced  by  the  United  Association  of  Photo- 
graphy. Their  effect  is  generally  good,  but,  as  much  as  can  be  judged  from  their 
appearance,  they  are  far  from  presenting  any  sign  of  stability,  or  any  quality  of 
superiority  over  the  old  process.  Nevertheless,  the  discovery  made  by  Mr.  Wothly 
is  an  important  step  in  the  road  of  progress,  and  with  the  improvements  which 
experience  only  can  suggest,  it  may  become  very  useful. 

Photographic  portraits  and  views  of  caves  and  caverns,  obtained  by  means  of  the 
magnesium  light,  have  been  produced  and  contributed  by  Messrs.  Brothers,  of 
Manchester. 

Although,  except  in  the  polar  regions,  where  the  sun  is  invisible  during  a  great 
part  of  the  year,  there  seems  to  be  no  advantage  in  taking  portraits  by  artificial 
light,  but  on  the  contrary,  expense,  difficulty,  and  absence  of  all  artistic  effect,  still 
it  is  highly  interesting  that  we  should  be  able  to  obtain  by  these  means  news  of 
places  where  the  light  of  the  day  can  never  penetrate  ;  and  on  this  account  photo- 
graphers who  endeavour  to  master  the  process  of  magnesium  light,  and  to  improve 
the  instruments  employed,  deserve  to  be  encouraged  for  their  exertions  and  ingen- 
uity. The  portraits  taken  by  the  magnesium  light  by  Messrs.  Brothers  are  very 
good,  considering  all  the  difficulties  they  have  had  to  overcome.  They  may,  at  all 
events,  show  the  great  power  of  that  light,  and  for  this  reason  they  illustrate  a 
very  interesting  scientific  experiment. 

One  of  the  most  curious  novelties  in  the  photographic  exhibition  is  the  production 
of  what  is  called  casket  portraits,  specimens  of  which  are  contributed  by  Mr.  Swan, 
the  inventor.  For  such  a  really  ingenious,  original,  and  scientific  contrivance,  it 
seems  that  the  author  might  have  found  a  more  appropriate  name,  designating 
more  properly  the  principles  upon  which  it  is  based,  and  the  manner  of  its  construc- 
tion. It  is  in  fact  neither  more  nor  less  than  a  real  stereoscope,  in  a  different  form 
from  that  well-known  instrument. 

Without  being  conscious  of  it,  the  observer  has  before  his  eyes,  as  in  the  ordinary 
stereoscope,  a  picture  composed  of  two  different  photographs  super-posed,  each  one 
separately  visible  to  one  eye  and  invisible  to  the  other.  These  two  pictures,  placed 
at  right  angles  on  the  two  sides  of  two  rectangular  prisms,  with  their  hypotenuses 
in  contact  forming  a  quadrangular  block  of  glass,  are  covered  to  the  eye,  one  from 
the  back  surface  by  refraction,  and  the  other  from  its  hypotenuse  by  reflection, 
after  having  been  refracted  upon  it  by  the  other  prism.  By  the  optical  law  of  the 
angle  of  incidence  and  reflection,  the  reflected  image  is  seen  only  by  one  eye,  the 
axis  of  which  coincides  with  the  reflected  ray,  and  is  invisible  to  the  other  eye ; 
and  by  the  law  of  refraction  the  other  image  is  seen  only  by  the  eye,  the  axis 
of  which  coincides  with  the  refracted  ray,  and  is  invisible  to  the  other;  so 
that  when  the  observer  is  placed  exactly  in  the  position  from  which  each  eye  has 
the  exclusive  perception  of  the  image,  whose  perspective  belongs  thereto,  the  two 
images  coalesce  on  the  retina?,  and  the  stereoscopic  perception  is  brought  out  in  all 
its  beauty  and  force.  The  only  defect  of  the  apparatus  is,  that  the  observer  is 
obliged  to  find  the  exact  position  from  which  the  phenomenon  takes  place  exclu- 
sively, and  if  he  lose  that  position,  by  the  slightest  movement  of  the  head,  he  sees 
only  one  or  the  other  image,  and  there  is  no  illusion  of  relief,  the  picture  having  the 
flatness  of  the  single  photograph  which  represents  it.  Notwithstanding  that  imper- 
fection, Mr.  Swan  has  succeeded  in  contriving  a  most  ingenious  instrument,  which 
elegantly  illustrates  a  very  extraordinary  phenomenon  of  optics. 

In  coloured  photographs,  Messrs.  Loci:  &  Whitfield  stand  deservedly  at  the  head 
of  this  branch  of  the  art ;  the  portraits  exhibited  by  these  gentlemen  display  a  high 
degree  of  artistic  execution  and  skill  in  selection  of  pose  and  treatment. 

Among  the  interesting  objects  for  the  delineation  of  which  photography  has  been 
applied,  the  jury  desire  to  notice  the  views,  taken  by  the  Countess  of  Ross,  of  Lord 
Ross's  great  telescope  and  its  arrangements. 

The  Photographic  Exhibition  of  Dublin  has  had  the  advantage  of  bringing  before 
the  public  a  new  application  of  photography,  consisting  in  the  process  known  as 
Photosculpture.  A  number  of  busts  and  statuettes,  illustrating  the  process,  have 
been  exhibited  by  the  International  Photosculpture  Company.  The  inventor,  M. 
Villeine,  an  eminent  French  sculptor,  having  first  tried  to  avail  himself  of  such  pho- 
tographs as  he  could  procure  as  a  guide  when  modelling,  was  struck  with  the  idea, 
that  if.  instead  of  only  one  portrait,  he  had  a  great  number  of  photographs,  repre- 
senting the  person  all  round  from  every  point  of  view,  he  might  use  them  each  in 
turn  to  shape  his  model  by  means  of  a  pantograph,  one  point  of  which  could  follow 
consecutively  the  outlines  of  each  photograph  sufficiently  enlarged,  while  the  other 
point  of  the  pantograph  would  transfer,  in  any  reduced  scale  desired,  the  same  out- 
lines on  the  block  of  clay. 

The  sitter  being  placed  in  the  middle  of  a  glass  room,  surrounded  by  twenty-four 
cameras,  all  operating  at  once,  as  many  photographs  can  be  taken  at  once  in  a  few 
seconds.  M.  Villeine  considered  that  thus  he  had  all  that  he  wanted  to  transform 
his  block  of  clay  into  a  perfect  plastic  representation  of  the  features,  forms,  and  char- 
acter of  the  person,  and  this  work  being  done,  he  hud  only  to  smootli  down  the 
Toughness  of  the  various  cuttings,  and  to  communicate  to  the  model  all  the  refine- 
ment which  his  skill  as  a  sculptor  could  suggest.  The  result,  as  is  shown  by  the 
spechnens  .exhibited,  has  proved  the  merit  and  the  power  of  the  invention.  Photo- 
sculpture must  be  hailed  as  one  of  the  most  useful  and  noblest  applications  of 
photography ;  and  it  is  destined  to  spread  the  taste  for  sculpture,  which  is  now  con- 
fined to  a  very  limited  number  of  highly  educated  minds  in  the  higher  classes  of 
society.  Photography  has  received  another  beautiful  and  useful  application  by  the 
process  invented  and  practised  by  M.  Lafon  de  Camarsic.  Some  specimens  are 
exhibited  by  M.  Silvy,  a  photographer  distinguished  by  his  artistic  taste.  One  of 
them  is  from  a  photographic  negative  taken  by  M.  Silvy,  representing  a  group  of  a 
great  number  of  distinguished  persons,  including  some  members  of  the  royal  family 
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of  England,  and  the  ex-royal  family  of  France,  at  the  fete  champutre  given  last 
year  at  Orleans1  House,  in  aid  of  the  fund  of  the  "Societe  franchise  de  Bienfaisance." 

Photography  on  enamel  presents  many  advantages,  the  pictures  being  burnt  in  or 
fixed  bv  the  action  of  fire,  like  metallic  colours  on  porcelain  or  glass,  are  not  liable  to 
fading,  like  photographs  on  paper,  and  they  may  form  ornaments  to  be  worn  by  ladies, 
or  placed  in  cabinets  or  on  tables  in  the  drawing-room,  as  they  are  indestructible 
except  by  breaking.  As  enamels  they  may  be  painted  in  colours,  also  burnt  in  and 
unalterable,  and  resemble  the  finest  miniature  on  ivory.  Those  who  have  had  the 
opportunity  of  admiring  at  the  Kensington  Exhibition  the  beautiful  collection  of 
enamels  painted  by  old  and  modern  artists,  will  be  glad  to  know  that  photographic 
portraits  may  be  transformed  into  similar  indestructible  and  splendid  miniatures  by 
living  painters,  who  have  only  to  impart  to  the  photograph  the  natural  colours, 
with  all  the  refinement  which  their  skill  may  suggest,  to  produce  the  most  valu- 
able and  perfect  works  of  art. 

There  has  been  at  the  Dublin  Exhibition  a  deficiency  of  instantaneous  stereo- 
scopic productions,  such  as  those  which  were  exhibited  at  the  International  Exhibi- 
tion of  1862,  by  Messrs.  Ferrier  and  Soulier,  by  Mr.  Wilson  and  others,  the  effect 
of  which  was  so  beautiful  and  extraordinary.  It  is  to  be  regretted  that  this  class 
of  photographs  has  not  been  largely  represented  ;  however,  there  has  been  enough 
shown  to  illustrate  the  capabilities  of  instantaneous  photography.  Mr.  Breese  has 
exhibited  his  marvellous  effects  of  moonlight,  sea,  and  clouds  scenery.  Nothing  can 
more  fully  express  the  instantaneity  of  Mr.  Breese's  process,  than  his  having  been 
able  to  represent  the  waves  of  the  sea,  during  their  rapid  rolling  motion  in  curling 
form  with  spray,  suspended  in  the  air,  and  falling  in  vapour,  while  sea-gulls  are  seen 
flying  above  watching  for  their  prey.  In  looking  at  such  marvellous  pictures  we 
feel  transported,  as  by  magic,  before  the  actual  scenes,  and  the  illusion  of  reality  is 
irresistibly  impressed  on  the  mind.  The  means  employed  by  Mr.  Breese  to  produce 
these  combined  effects  show  great  ingenuity,  patience,  and  a  considerable  amount  of 
artistic  taste,  for  no  one  with  a  knowledge  of  photography  can  for  a  moment  imagine 
that  the  sea  or  landscape  have  been  taken  simultaneously  when  only  lighted  by  the 
moon,  which  is  represented  above.  To  produce  such  effects  with  the  light  of  the 
moon  would  require  a  photographic  preparation  two  or  three  hundred  times  more 
sensitive  than  any  process  known.  The  moon  itself  can  produce  its  own  image, 
because  lighted  in  the  same  degree  by  the  sun  it  reflects  a  light  as  intense  as  ordinary 
clouds  in  the  daytime,  which  clouds  operate  instantaneously. 

Micro-photography  has  only  been  represented  by  the  frames  exhibited  in  the 
English  department  by  Dr.  Maddox  (92)  showing  some  very  well  defined  tests 
considerably  magnified.  M.  Dnvette  (1*22),  in  the  French  department,  shows 
some  very  good  specimens ;  and  particularly  a  remarkable  one  of  a  flea  enlarged, 
piecemeal,  many  thousand  times. 

Mr.  Dagron  also  has  exhibited  some  beautiful  specimens  of  micro-photography  ; 
they  are  mounted  at  one  end  of  a  very  small  cylinder  of  glass,  the  other  end  of 
which  is  ground  like  a  microscopic  lens,  generally  called  the  Stanhope  lens,  but  of 
which  Sir  David  Brewster  claims  the  invention.  The  tube  is  about  one-quarter  of 
an  inch  long,  its  diameter  one-sixteenth  of  an  inch.  It  is  wonderful  to  think  that 
this  constitutes  a  microscope,  with  its  lens  at  one  end  and  the  photograpli  at  the 
other  end.  Although  this  photograph  is  imperceptible  to  the  naked  eye,  still  by  look- 
ing at  it  through  the  minute  microscope  we  see  the  portrait  of  a  person  as  large  as 
nature ;  a  page  of  the  Bible  we  can  read  as  easily  as  in  the  book.  This  minute 
optical  instrument,  with  its  imperceptible  photography,  can  be  mounted  in  rings, 
watch  keys,  pins,  or  any  other  small  ornaments.  The  productions  of  M.  Dagron  are 
a  very  charming  and  wonderful  combination  of  photography  and  microscopy,  in 
which  he  has  seen  his  way  to  a  considerable  branch  of  manufacture  ;  and  for  this 
object  he  has  formed  a  large  establishment,  in  which,  by  a  well  organized  division  of 
labour,  by  well  combined  machinery,  everything  is  done  on  the  spot — taking  the  large 
photograph,  reducing  to  the  microscopic  size,  manufacturing  the  small  microscopic, 
mounting  the  picture,  and  making  the  articles  of  jewellery  themselves.  M.  Dagron 
has  exhibited  the  instrument  by  which  he  can  reduce  any  photograph  to  the  micro- 
scopic sizej  and  by  which  he  can  produce  at  once,  upon  a  collodion  plate  of  about 
three  inches  by  three  inches,  twenty-five  or  thirty  microscopic  pictures.  The  pictures 
are  afterwards  divided  by  a  cutting  diamond,  ground  in  discs,  and  fixed  at  the  end 
of  the  small  microscope.  The  whole  process  is  very  rapid,  simple,  and  ingenious, 
and  so  well  constructed,  that  the  microscope,  with  its  photograph,  can  be  sold  as 
low  as  twelve  shillings  per  dozen,  ready  to  be  mounted  by  the  jeweller  in  any  kind 
of  trinket  or  ornament 

At  the  suggestion  of  Sir  David  Brewster,  M.  Dagron  has  produced  stereoscopic 
pictures,  and  mounted  them  at  the  two  ends  of  the  gold  bar  by  which  a  watch  chain 
is  held  in  the  buttonhole  of  the  waistcoat.  The  gold  bar  is  no  longer  than  two 
inches,  and  it  may  be  extended  by  a  sliding  tube  to  two  and  a  half,  to  suit  any 
separation  of  the  eyes.     The  idea  of  a  microscopic-stereoscope  is  very  curious. 

It  is  satisfactory  to  see  that  photography  is  extending  its  ramifications  to  the 
remotest  parts  of  the  world,  and  that  the  English  colonies  have  furnished  some  very 
good  contributions  to  the  Dublin  Exhibition.  Such  productions  have  a  double 
interest ;  they  show  that  photography  is  appreciated  and  encouraged  in  these  far 
regions,  and  that  this  offspring  of  science  is  following  civilization  everywhere  ;  besides, 
it  brings  to  us  faithful  representations  of  countries  which  only  few  have  had,  and 
will  ever  have,  the  opportunity  of  visiting.  Photography  alone  can  illustrate  with 
truth  the  descriptive  records  of  travellers,  giving  to  us  the  history  of  the  progress  of 
the  colonies  which  the  Old  World  is  establishing  in  every  part  of  our  globe  for  the 
improvement,  enterprise,  and  development  of  the  human  race. 

The  Dublin  Exhibition  affords  a  very  interesting  and  manifest  proof  of  all  the 
advantages  and  merits  of  photography,  ani  shows  that  the  new  art  has  become  the 
indispensable  auxiliary  of  both  art  and  manufactures  in  furnishing  the  illustrations 
of  all  their  productions.  There  is  hardly  a  department  of  the  Exhibition  in  which 
the  exhibitors  have  not  availed  themselves  of  photography  to  represent  the  articles 
they  exhibit  or  the  instruments  by  which  they  are  made.  But  it  is  particularly  in 
the  Department  of  Machinery  that  photography  has  rendered  eminent  services,  in 
showing  the  mode  of  their  production  and  their  various  applications.  A  remark- 
able example  of  such  illustrations  is  seen  in  the  Prussian  department,  showing  the 
machines  under  their  various  aspects,  and  the  extensive  works  in  which  they  have 
teen  manufactarr-d,  with  the  appliances  which  have  bsen  used  in  their  construction. 


Thus  the  exhibition  of  photography  has  not  been  confined  to  the  particular  depart- 
ment which  has  been  devoted  to  it;  it  has  indeed  invaded  the  whole  of  the  elegant 
Palace,  being,  in  fact,  the  indispensable  adjunct  of  every  specimen  of  art  and  manu- 
factures from  all  parts  of  the  wurld. 

Not  only  the  contents  of  the  Exhibition  have  been  reproduced  by  photography,  but 
the  Palace  itself,  in  all  its  most  elegant  and  picturesque  aspects,  has  been  repre- 
sented in  photographs  executed  by  the  Stereoscopic  Company.  The  beautiful  stereo- 
scopic views  taken  by  that  spirited  association  will  remain  for  a  long  time  interesting 
subjects  of  observation,  and  afford  a  pleasant  recollection  of  the  International 
Exhibition  of  Dublin  in  1865.  It  will  enable  those  who  have  been  deprived  of 
visiting  it  personally  to  see  it  in  all  its  actual  reality. 

In  conclusion,  it  is  a  great  satisfaction  to  state  that  photography,  on  the  whole, 
has  been  well  represented  at  the  Dublin  Exhibition,  forming  one  of  its  most  con- 
spicuous and  interesting  features;  this  will  be  a  source  of  congratulation  to  the 
photographic  exhibitors  in  general,  a  cause  of  encouragement  to  its  devotees,  and  a 
helpful  impulse  in  the  right  direction,  giving  the  hopes  of  still  more  glorious  successes 
in  future  exhibitions. 

A.   CLAUDET. 

P.  LE   NEVE  FOSTER. 


MONTHLY    NOTES. 


MARINE    MEMORANDA. 

The  Better  op  hoS". — The  iron-clad  frigate  Belleropkon,  16,  1000-horse  power 
(nominal),  has  lately  brought  to  a  conclusion  her  official  full-boiler  trials  of  speed, 
at  the  measured  mile,  Maplin  Sands.  Owing  to  various  circumstances,  the  causes 
of  which  became  apparent  at  the  concluding  trials,  the  engines,  although  satisfac- 
torily performing  their  work,  could  not  drive  the  frigate  through  the  water  during 
the  preliminary  trials  at  a  greater  speed  than  a  little  over  thirteen  knots  per  hour. 
This  speed,  however,  has  now  been  exceeded;  it  was  nevertheless  not  what  had 
been  anticipated  by  her  designers  and  builders.  During  the  previous  night  the 
Belleropkon  had  received  about  100  tons  of  the  best  Welsh  coal  in  her  bunkers; 
one  cause  of  the  unsatisfactory  nature  of  the  results,  as  regards  her  speed,  on  the 
occasion  of  her  preliminary  trial,  is  stated  to  have  resulted  from  the  inferior  quality 
of  the  coal  supplied  to  her.  On  the  Belleropkon  being  reached  at  her  moorings 
near  Saltpan  Reach,  at  the  entrance  to  Chatham  harbour,  she  was  ready  with  her 
steam  up,  and  after  receiving  Captain  Randolph,  commanding  the  Steam  Reserve, 
and  the  other  officials  on  board,  she  at  once  steamed  towards  the  Nore  with  her 
head  laid  for  the  Mouse  light.  The  weather  was  all  that  could  be  desired  for  the 
trial,  the  wind  having  moderated  to  a  force  of  between  two  and  three.  At  this  time 
the  frigate's  draught  of  water  was  slightly  in  excess  of  that  on  the  previous  day, 
her  forward  draught  being  16  feet  6  inches,  and  that  aft  23  feet  6  inches;  pitch 
of  screw,  21  feet  8^-  inches;  diameter,  23  feet,  with  the  upper  edge  out  of  the 
water,  1  foot  llf  inches.  On  running  down  past  the  Nore  the  engines  were  found 
to  be  doing  their  work  most  satisfactorily,  there  being  abundance  of  steam,  although, 
from  causes  which  soon. became  evident,  tha  screw  could  not  be  made  to  revolve 
more  than  fifty-eight  times  per  minute,  which  appeared  to  be  the  maximum.  The 
vessel's  displacement  was  5630  tons,  or  less  than  1000  tons  of  her  true  displace- 
ment when  at  her  deep  draught.  With  all  the  attendant  favourable  circumstances 
stated,  the  Belleropkon  was  placed  on  the  measured  mile  for  her  full-speed  trials, 
and  seven  runs  were  taken,  with  the  following  results : — First  mile — time,  5 
minutes;  speed  in  knots,  12000;  steam,  22  lbs.;  vacuum,  26^-  inches;  revolu- 
tions of  screw,  57.  Second  mile — time,  3  minutes  57  seconds;  speed,  15*190 
knots;  steam,  22  lbs.;  vacuum,  26  inches;  revolutions  of  screw,  58-  Third  mile 
— time,  4  minutes  5i)  seconds;  speed,  12*040  knots;  steam,  23  lbs.;  vacuum,  26 
inches;  revolutions  of  screw,  56.  Fourth  mile — time,  3  minutes  56  seconds; 
speed,  15"254  knots;  steam,  24  lbs.;  vacuum,  25  inches;  revolutions,  58.  Fifth 
mile — time,  4  minutes  56  seconds;  speed,  12*162  knots;  steam,  24  J  lbs.;  vacuum, 
26  inches;  number  of  revolutions,  57.  Sixth  mile — time,  4  minutes  1  second; 
speed,  14-938  knots;  steam,  24  lbs.;  vacuum,  26  inches;  revolutions  of  screw, 
58.  Seventh  mile — time,  4  minutes  47  seconds;  speed,  12*543  knots;  steam,  24 
lbs. ;  vacuum,  26  inches;  revolutions,  57^.  Rejecting  the  first  of  the  runs,  so  as 
not  to  interfere  with  the  calculations,  the  first  means  of  the  above  figures  will  be 
13*615, 13*647,  13-708,  13*550,  and  13*741  knots;  and  the  second  means,  13631, 
13*677,  13*629,  and  13*645  knots,  giving  the  true  mean  speed  of  the  ship  as 
13*645  knots  per  hour.  With  regard  to  the  fact  of  the  Belleropkon  not  having 
made  a  minimum  speed  of  fourteen  knots  per  hour  on  her  trial,  as  was  intended  by 
her  designer,  the  causes  must  be  sought  for  in  various  quarters.  Chief  of  them 
is  undoubtedly  the  character  of  the  screw.  When  the  Belleropkon  was  designed, 
it  was  never  intended  to  fit  her  with  a  four-bladcd  screw  only  a  little  smaller  than 
that  supplied  to  the  Minotaur,  which  is  100  feet  longer,  and  driven  by  engines  of 
one-third  greater  horsepower.  The  mistake  made  in  this  respect  was  painfully 
apparent  during  the  trials  yesterday,  the  engines,  although  working  to  their  utmost, 
being  only  capable  of  driving  the  monster  screw  at  a  maximum  rate  of  fifty  eight 
per  minute,  although  it  was  always  intended  that  the  Belleropkon  should  be  fur- 
nished with  a  screw  propelled  at  the  rate  of  seventy  revolutions  per  minute.  The 
pitch,  too,  was  found  after  the  first  few  minutes1  steaming  to  be  bad.  Under  all 
the  comparatively  unfavourable  circumstances,  therefore,  the  trials  will  allow  a  fair 
estimate  to  be  formed  of  what  the  Belleropkon  will  do  when  fitted  with  a  screw 
adapted  to  her  size  and  the  character  of  the  machinery  placed  in  the  vessel  to  drive  it. 
It  will  also  be  necessary  to  set  the  new  screw  at  a  pitch  of  about  20  feet,  to  arrive 
at  anything  like  satisfactory  results.  There  is  no  doubt  whatever  that  when  the 
alterations  now  pointed  out  are  effected,  the  Belleropkon  can  approach  to,  if  not 
exceed,  fifteen  knots  per  hour,  her  engines  being  all  that  can  be  desired.  At  the 
close  of  the  trials  the  Belleropkon  steamed  up  into  Chatham  harbour  at  a  rate  of 
ten  knots  an  hour,  a  vessel  of  her  size  never  having  entered  the  dockyard  at  such  a 
rate  before. 
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Pneumatic  Despatch. — Three  weeks  since  a  small  goods  train  was  driven 
through  the  Company's  tube  from  the  central  station  in  Holborn  to  the  terminus  at 
Eustnn  station,  passing  beneath  Holborn,  New  Oxford  Street,  Tottenham-court 
lioal,  Hampstead  Road,  and  Drummond  Street,  on  to  the  Euston  station,  a  distance 
of  about  two  miles,  having  some  sharp  curves  on  approaching  the  North-Western 
station.  The  width  and  height  of  the  tube  were  4  feet  6  inches  respectively,  rails 
being  fixed  in  it  for  the  carriage-wheels  to  run  upon.  At  the  central  station  in 
Holborn  two  tubes  were  carried  beneath  the  foot-way  and  ground  floor  of  the 
building;  one  connecting  Euston  station  with  the  central  station,  and  the  other 
being  intended  to  connect  the  latter  with  the  Post-office  in  St.  Mart  in's-le-G  rand. 
This  tube  has  only  been  carried  to  Holborn-hill.  In  the  Holborn  station  the  back 
portion  of  the  building  is  occupied  by  three  boilers,  each  of  which  could  be  worked 
up  to  a  pressure  of  30  lbs.  per  square  inch.  As  a  rule  only  one  boiler  will  be 
worked  at  a  time,  though  all  three  could  be  used  if  necessary.  Between  the  boiler- 
room  and  the  arrival  and  departure  platform  is  the  engine-room,  fitted  with  two 
24- horse  power  engines,  which  work  the  shaft  of  the  circular  disc  or  fan,  22  feet 
in  diameter.  This,  revolving  rapidly  upon  its  axis,  having  inclosed  air  chambers, 
could  be  used  either  for  propelling  the  laden  trains  forward  by  atmospheric  pressure 
behind  them,  or  for  drawing  them  back  through  the  tube  by  forming  a  partial 
vacuum  before  them.  The  trucks  of  goods,  accompanied  by  one  of  the  attendants, 
were  blown  through  the  tube  to  Euston  in  about  five  minutes,  showing  the  ease 
with  which  a  portion  of  the  goods  and  parcels  traffic  of  the  metropolis  would  shortly 
be  conducted.  Wheatstone's  telegraphic  apparatus  was  used  at  the  stations,  and 
was  found  to  act  well.  The  entrances  to  the  tubes  in  the  stations  were  opened  or 
closed  as  required.  In  the  station  there  were  two  main  lines  of  rails  and  three 
sidings,  the  distance  between  the  rails  being  3  feet  8|  inches.  There  were  also 
two  traversing  platforms  for  shifting  the  trucks  from  one  part  of  the  station  to 
another.  The  duke  of  Buckingham,  the  chairman,  and  some  of  the  directors  of 
the  Company,  were  blown  from  the  Holborn  station,  under  the  supervision  of  Mr. 
Rammell,  the  engineer,  through  the  tube  to  Euston,  which  distance  was  accomplished 
in  five  minutes.  The  tube  between  Holborn  and  Euston  station  is  now  complete, 
and  ready  for  opening. 

Steel  Pens. — Swedish  iron  is  said  to  be  the  best  material  for  pens.  It  is 
converted  into  steel  on  the  old  plan  in  a  furnace,  or  by  the  new  process  of  Mr. 
Bessemer,  and  subsequently  hardened  by  tilting,  casting  into  ingots,  and  rolling  it 
into  thin  sheets.  The  consumption  of  steel  in  this  way  is  enormous.  As  much  as 
four-and-twenty  years  ago  it  amounted  to  120  tons  annually,  and  was  equivalent 
to  about  200,000,000  of  pens.  This  quantity  is  now  greatly  increased  in  conse- 
quence of  the  penny  postage,  and  the  improvements  in  steel  pen  manufacture. 
Some  idea  of  it  may  be  gathered  from  the  fact  that  pens  may  now  be  bought  by 
the  trade  at  Ad.  a  gross,  the  box  included,  and  that  there  are  houses  which  produce 
20,000,  30,000,  and  even  50,000  pens  daily  throughout  the  year.  The  art  of 
pen-making  has  never  been  brought  to  greater  perfection  than  in  the  manufacture 
of  lithographic  "crowquill"  steel  pens.  They  are  very  small,  as  the  term  indicates, 
and  are  adapted  to  the  finest  shading.  Their  chief  use  is  in  tracing  in  crimson 
lake,  and  also  in  lithographic  ink  on  ''transfer  paper,"  which  has  the  remarkable 
property  of  discharging  all  its  inked  line  on  the  stone,  so  as  to  make  a  complete 
transfer  of  the  writing  or  drawing. — London  Jteoiew. 

New  Theory  of  Iron. —  In  a  paper  addressed  to  the  Academy  of  Sciences 
M.  de  Cazancourt,  a  proprietor  of  ironworks,  expounds  a  new  theory  of  iron. 
Oxides  of  iron,  he  observes,  have  long  been  considered  to  be  degrees  of  oxidation  of 
one  and  the  same  metal,  always  appearing  under  a  metallic  form  with  absolutely 
identical  characteristics,  whenever  chemically  pure.  Hence  all  the  differences  met 
with  in  various  kinds  of  iron  are  exclusively  attributed  to  peculiar  chemical  com- 
position, and  they  are  universally  classed  under  three  heads — viz.,  cast  iron,  steel, 
and  wrought  iron,  according  to  the  quantity  of  carbon  they  usually  contain.  And 
yet  certain  kinds  of  cast  iron,  identical  in  their  chemical  composition,  appear  so 
different  from  each  other,  and  give  such  opposite  results  in  working  them,  that  our 
author  thinks  it  necessary  to  distinguish  them  in  practice.  On  the  other  hand, 
there  are  sorts  of  cast  iron  presenting  the  same  composition  as  certain  kinds  of  steel, 
and  there  exist  also  certain  sorts  of  steel  that,  if  analysis  is  to  be  trusted,  are  not 
distinguishable  from  certain  kinds  of  iron.  Hence,  in  metallurgy,  the  chemical 
composition  of  various  sorts  of  iron  is  a  matter  of  mere  secondaiy  importance,  and 
the  real  characteristic  to  be  taken  into  account,  according  to  the  writer,  is  the 
degree  of  oxidation  of  the  ore  from  which  they  have  been  extracted.  Berzclius  had, 
ere  this,  laid  down  the  theory  that  there  were  two  sorts  of  iron  metal,  to  which  he 
respectively  gave  the  names  of  jerricum  and  J'errosum;  SI.  Cazancourt  adopts  this 
division,  which  represents  iron  under  two  allotropic  states,  just  as  is  the  case  with 
sulphur  and  pho;^phorus.  He  therefore  calls  ferrosum  the  metal  extracted  from  the 
protoxide  of  iron;  and  this,  he  says,  has  not  yet  been  practically  obtained  in 
a  state  of  purity,  except  in  laboratories,  through  the  reducing  agency  of  hydrogen. 
The  nearest  practical  approach  to  it  is  what  is  culled  bright  iron,  possessing  great 
hardness  and  fragdity.  The  quality  of  iron  derived  from  the  anhydrous  peroxide 
is  what  our  author  calls  ferricum.  It  yields  malleable  iron,  but  when  alone  is  not 
convertible  into  steel  any  more  than  into  bright  iron.  The  common  sorts  of 
foundry  iron  are  nothing  but  ferrieum  losing  a  part  of  its  carbon,  which  it  had 
absorbed  under  the  influence  of  a  high  temperature. — GalignauL 

Crumlin  Viaduct. — Considerable  alarm  has  been  manifested  for  some  weeks 
past  in  consequence  of  rumours  that  the  Crumlin  Viaduct  was  not  in  a  secure 
state.  These  rumours  readied  the  ears  of  Lord  Llanover,  lord-lieutenant  of  the 
county  of  Monmouth,  who  considered  it  his  duty  to  communicate  on  the  subjnet  with 
the  Board  of  Trade.  The  authorities  very  properly,  and  without  delay,  deputed 
Captain  Tyler,  one  of  their  most  eminent  inspectors,  to  make  the  necessary 
examination,  and  to  apply  the  requisite  tests,  with  a  view  of  ascertaining  the 
stability  of  the  bridge.  When  the  examination  took  place,  there  were  present 
Lord  Llanover;  Captain  Tyler;  Mr.  Owen,  C.E.,  Great  Western  Railway;  Mr. 
George  Armstrong,  district  locomotive  superintendent;  Mr.  James  Kelly,  superin- 
tendent of  the  South  Wales  division;  Mr.  J.  F.  Relton,  district  superintendent, 
and  other  officers  of  the  company,  by  whom  the  matter  was  regarded  as  one  of 
great  interest  and  importance.  The  first  test  applied  was  that  of  running  a  train 
of  seven  engines  and  their  tenders  (weighing  together  240  tons),  from  one  end  of 


the  viaduct  to  the  other  at  different  rates  of  speed.  This  train  exactly  covered  two 
spans  of  the  viaduct,  and  the  appearance  of  so  many  engines  linked  together,  with 
their  polished  work  reflecting  the  rays  of  a  bright  sun,  was  a  spectacle  remarkable 
even  to  men  experienced  in  the  railway  world.  The  moment,  as  might  be  supposed, 
was  one  of  no  ordinary  excitement,  but  the  results,  as  will  be  seen,  were  as  gratify- 
ing as  the  most  sanguine  could  desire.  After  this  great  load  had  been  many  times 
passed  and  re-passed  over  the  line,  as  already  described,  and  the  effect  duly  noted 
by  the  inspector,  a  much  severer  test  was  resorted  to.  Seven  engines,  with  their 
tenders,  were  placed  on  one  line,  and  one  powerful  engine  and  its  tender  attached  to 
fifteen  large  trucks  heavily  loaded  with  coal  and  iron  (each  truck  and  its  contents 
weighing  fifteen  tons),  were  placed  on  the  other  line.  These  enormous  masses, 
were  simultaneously  moved  backwards  and  forwards  at  various  rates  of  speed,  the 
deflection  and  lateral  oscillation  being  carefully  noted.  It  is  pleasing  to  find  that 
after  eight  years'  wear,  the  deflection  of  the  girders  does  not  exceed  what  it  was 
when  the  viaduct  was  first  tested  prior  to  its  being  opened  for  traffic  purposes.  It 
appears  that  there  has  been  some  slight  wear  upon  several  of  the  bolts,  which  had 
been  in  course  of  repair,  and  this  will  probably  account  for  the  prevalence  of  the 
alarming  reports  upon  which  the  lord-lieutenant  so  promptly  acted.  The  public 
will  heartily  rejoice  to  hear  that  there  was  not  a  shadow  of  foundation  for  such 
reports,  and  the  scientific  tests  now  applied  are  well  calculated  to  inspire  increased 
confidence  in  the  safety  of  this  remarkable  structure,  which  has  so  appropriately 
been  designated  the  chefd'eeuvre  of  the  Messrs.  Kennard  Brothers.  During  the 
examination  all  traffic  on  this  part  of  the  line  was  suspended,  but  it  was  resumed 
immediately  on  the  termination  of  the  experiments. — Star  of  Gwent. 

Cupper  Smoke. — We  insert  the  following  remarks  from  a  Times  correspondent. 
Hints  are  therein  thrown  out  that  may  stimulate  inventive  minds  on  a  new  track  for 
the  development  of  their  faculties: — "I  hope  you  will  allow  me  a  small  space  in 
your  powerful  journal,  first  to  thank  Lord  Derby  for  his  exertions  by  which  the 
vapours  from  the  alkali  works  are,  I  may  say,  wholly  destroyed ;  secondly,  to  thank 
Mr.  H.  Hussey  Vivian,  M.P.,  for  his  exertions  in  abating  the  nuisance  of  the  copper 
smoke,  and  also,  I  hope,  the  vapours  from  the  spelter  smoke.  I  hope  all  the  other 
smelters  will  heartily  join  him  to  attain  this  desirable  object;  and  should  they  not, 
I  hope  his  Lordship  will  move  in  this  matter  as  he  did  in  the  alkali  case.  I  am 
informed  there  is  a  gentleman  in  this  neighbourhood  (Swansea)  who  has  obtained 
a  patent  whereby  the  copper  can  be  returned  from  the  ore  without  any  smoke,  at 
the  same  time  rendering  the  refuse  fit  for  the  iron  furnaces,  and  worth  about  12s. 
per  ton  for  iron.  I  hope  this  will  meet  the  eyes  of  capitalists  who  will  embark  in 
the  trade;  a  sufficient  margin  can  be  shown  for  profit,  and  they  will  confer  a  great 
boon  on  the  inhabitants  of  this  place,  who,  I  may  say,  live  almost  their  whole  life 
in  a  cloud  of  smoke,  mud,  or  dust.  I  have  no  doubt  that  if  an  iron  furnace  were 
erected  in  connection  with  the  copper  works,  it  would  answer  the  most  sanguine 
expectations.  I  am  also  informed  that  in  addition  to  the  sulphuric  acid  which 
would  be  obtained  in  the  process,  small  works  where  detecting  chambers  are  provided 
can  return  ten  or  twelve  tons  per  week  of  arsenic,  which  otherwise  would  be  carried 
with  the  wind  and  dropped  on  adjoining  land." 

The  Russian  Navy. — Mr.  Charles  Mitchell,  of  the  firm  of  Messrs.  Charles 
Mitchell  &  Co.,  iron  shipbuilders  of  Low  Walker-nn-the-Tyne,  and  his  partner  Mr. 
Swat],  have  each  been  presented  by  the  Grand  Duke  Constantine  of  Russia,  on 
behalf  of  the  emperor,  with  massive  gold  snuff  boxes  set  with  diamonds,  as  an 
acknowledgment  of  the  conscientious  manner  in  which  the  firm  have  fulfilled  their 
engagements  to  the  Imperial  government  in  the  building  of  armour-plated  ships, 
&c.  Three  years  ago  Messrs.  C.  Mitchell  &  Co.  were  commissioned  by  the  Imperial 
government  of  Russia  to  convert  one  of  the  dockyards  at  St.  Petersburg  to  iron  ship- 
building purposes.  Having  completed  their  task,  they  entered  into  a  contract  to 
build  an  iron-plated  war  vessel  in  the  new  dockyard.  Under  the  superintendence 
of  Mr.  Swan,  fourteen  months  after  the  keel  was  laid,  the  firm  finished  an  iron-plated 
vessel,  the  Ne  Tron  Menya,  of  the  capacity  of  3000  tons,  her  armour-plating  having 
been  sent  out  from  England.  During  the  construction  of  this  vessel,  the  same  firm 
also  commenced  at  St.  Petersburg,  with  a  turret  ship,  the  Smertch,  the  turrets  being 
made  from  drawings  specially  prepared  by  Captain  Coles.  She  was  launched  in 
about  eight  months  after  her  keel  was  laid  down.  She  is  of  the  capacity  of  1400 
tons,  and  carries  heavy  armament.  She  has  a  double  bottom,  has  twin  screws  for 
quick  manoeuvring,  has  a  bow  rudder  for  the  same  purpose,  and  with  stores,  coals, 
and  armament  on  board  she  only  draws  ten  and  a  half  feet  of  water.  Since  she  has 
been  commissioned  she  has  been  tested  in  the  Baltic  with  the  most  satisfactory 
results.  She  can  turn  in  a  very  small  space,  and  can  be  brought  out  of  very  narrow 
passages  with  comparative  ease.  The  same  firm  have  furnished  designs  for  six 
other  turret  vessels  of  various  sizes,  which  are  being  built  upon  Captain  Coles1 
principle  in  the  Russian  dockyards;  and  they  have  recently  commenced  laying  down 
at  St.  Petersburg  an  armour-plated  frigate  of  3500  tons  for  the  Russian  govern- 
ment, which  vessel  will  be  of  the  same  construction  as  our  new  British  frigate 
Belierophon.  The  hull  and  armour-plates  will  be  of  the  best  Russian  iron  from 
Siberia,  and  the  machinery,  also,  will  be  made  in  Russia. 

Widths  of  London  Streets. — The  widths  of  some  of  the  main  thorough- 
fares of  London  are  extremely  insignificant.  Fleet  Street,  between  the  piers  of 
Temple  Bar,  is  28  feet  7  inches;  opposite  Lynn's,  the  oyster  shop,  it  is  35  feet  9 
inches  ;  and  at  the  corner  of  Fetter  Lane  it  is  40  feet  10  inches.  The  narrowest 
part  of  Ludgate  Hill,  which  is  opposite  St.  Martin's  Church,  is  only  24  feet  4  inches, 
and  at  Farringdon  Street,  and  near  St.  Paul's,  it  is  only  a  few  inches  more  than 
26  feet.  The  entrance  to  Cannon  Street  by  St.  Paul's  is  30  feet  6  inches  between 
the  kerbs;  Cheapside,  at  entrance,  39  feet  2  inches;  opposite  Bow  Church,  31  feet; 
the  Poultry,  24  feet  3  inches,  and  near  the  Mansion  House  only  22  feet  wide. 
Indeed,  the  amount  of  traffic  at  this  point  is  enormous,  and  the  danger  incurred  by 
pedestrians  in  attempting  to  cross  the  road  is  painful  to  witness.  Generally,  it  is 
best,  in  making  a  new  thoroughfare,  not  to  exceed  70  feet  in  width,  which  is,  we 
believe,  the  width  of  the  new  Southwark  Street,  and  the  width  generally  adopted 
by  the  Metropolitan  Board  of  Works  in  making  their  new  roadways.  Streets  wider 
than  this  are  invariably  difficult  to  cross,  and  it  would  be  better  to  open  up  two 
streets  than  to  make  one  inordinately  wide. 

Coal  as  a  Medicine. — Dr.  Dyes,  chief  physician  to  the  regiment  of  Hussars 
of  the  Royal  Guard  of  Hanover,  having  observed  that  sea-coal  given  to  pigs  makes 
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them  grow  fat,  two  years  ago  conceived  the  idea  that  its  therapeutic  effects  on  man 
might  be  equallv  advantageous.  He  therefore  administered  some  to  such  of  his 
patients  as  complained  of  abdominal  affections,  and  obtained  excellent  results.  The 
snrt  of  coal  he  prescribes  is  the  Piesberge  anthracite,  which  is  found  in  large  quan- 
tities near  Osnabruck.  From  his  observations,  it  appears  that  this  anthracite  may 
be  usefully  administered  in  cases  of  spleen,  jaundice,  king's  evil,  scurvy,  &c,  in  doses 
of  from  fifteen  to  thirty  grains  a  day  in  powder  mixed  up  with  some  jam  or  extract, 
such  as  those  of  bark  or  gentian. 

A  French  Locomotive. — A  newly-invented  locomotive  engine  and  carriage  for 
conveying  passengers  on  ordinary  roads  has  just  been  tried  between  Lyons  and  St. 
Genis,  in  presence  of  a  commission  appointed  by  the  prefe-ct  of  the  Rhone.  The  train 
first  executed  with  remarkable  precision  some  manoeuvres  on  the  Place  Napoleon,  and 
then  started  on  its  journey,  which  it  performed  with  surprising  rapidity,  notwith- 
standing the  difficulty  of  the  ground.  On  returning  from  St.  Genis,  the  engine  and 
carriage  had  to  be  connected  by  a  rope,  in  consequence  of  the  breaking  of  the  coupling 
chaiu  by  which  they  had  been  previously  united.  The  result  was  that  in  descending 
inclines  the  engine  could  not  regulate  the  speed  of  the  vehicle  behind,  and  some 
slight  shocks  occurred,  in  which  several  teeth  of  a  cog-wheel  were  broken.  This 
slight  accident,  however,  in  no  way  diminished  the  success  of  the  experi- 
ment. 

Carbolic  Acid  a  Disinfectant. — Having  referred  specially  to  the  remark- 
able dyes  obtained  principally  from  aniline  and  naphthaline,  I  shall  proceed  to  make 
some  observations  upon  a  substance  also  obtained  from  coal  tar,  and  which  is 
interesting  not  only  as  being  susceptible  of  producing  (as  I  shalll  show)  some 
remarkable  colours,  but  also  from  its  extraordinary  medicinal  and  therapeutic  pro- 
perties, a  subject  which  is  attracting  a  considerable  amount  of  public  attention  at 
the  present  time.  The  substance  I  refer  to  is  carbolic  acid,  which  is  calculated  to 
render  great  sen-ice  to  society,  especially  if  a  scourge  like  cholera  visited  our  coun- 
try, for  this  acid  is  certainly  the  most  powerful  antiseptic  substance  known  to 
chemists,  as  it  destroys  the  germs  of  putrefaction,  and  prevents  thereby  the  spread 
of  infectious  diseases.  The  value  of  this  recently  discovered  substance  cannot  be  over- 
rated. To  enable  the  reader  to  appreciate  the  correctness  of  the  above  statement, 
it  will  be  sufficient  to  state  that  this  substance — which  was  only  known  to  scientific 
men  in  1860—  has  drawn  so  much  attention,  and  its  employment  is  becoming  so 
general,  that  it  is  now  manufactured  in  quantities  of  several  tons  a  week.  The 
commercial  production  of  this  substance  is  an  instance  among  many  which  could  be 
brought  forward  at  the  present  day,  where  we  find  a  substance  to  be  a  scientific 
curiosity  one  day,  and  become  an  important  commercial  product  the  next. — Dr. 
Crace  Calvert  hi  the  Art  Journal. 

How  Paper  Collars  are  Made. — We  find  the  following  interesting  article 
descriptive  of  the  manufacture  of  paper  collars  by  the  American  Model  Collar 
Company,  in  an  exchange: — "At  the  end  of  the  first  room  are  piles  of  pure  white 
paper,  awaiting  their  turn  to  be  guillotined  in  a  machine  furnished  with  22  shear 
blades,  which  cut  the  paper  into  the  requisite  strips  for  the  collar,  on  precisely  the 
same  principle  as  a  gigantic  pair  of  scissors,  thus  leaving  no  rough  edge.  The 
product  of  two  paper  mills  is  consumed  in  tins  factory,  and  at  the  rate  of  a  ton  to 
a  ton  and  a-half  per  day ;  the  average  production  being  about  100,000  collars  per 
day,  which  rind  a  ready  sale,  despite  the  numerous  imitations  which  flood  the 
market.  From  the  bauds  of  the  attendant  who  turns  out  the  pure,  even  strips  of 
paper,  they  pass  into  the  hands  of  another  fair  executioner,  who  brings  the  incipient 
collar  nearer  its  birth  by  passing  it  through  another  pair  of  knives,  by  which  it 
acquires  shape  in  an  instant.  Srill  another  machine  marches  relentlessly  up  and 
down,  and  as  the  collar  leaves  its  iron  embrace,  the  three  button-holes  are  visible, 
large,  clear-cut,  firm-holding,  and  easily  handled.  The  collar  is  now  placed  between 
two  dies  or  clamps,  passed  under  a  quick,  heavy  pressure,  and  emerges  again 
stamped  i\iih  that  close  imitation  of  stitching  which  renders  it  so  perfect  an  imi- 
tation of  its  linen  brother  that  the  difference  can  hardly  be  distinguished ;  it  is  stamped 
also  with  the  size  and  corporate  mark.  Next  comes  the  crimping  machine,  which 
draws  the  curved  line  on  which  the  shape  of  the  collar  turns,  and  which,  by  allowing 
space  for  the  cravat,  insures  a  smooth  fit.  They  then  pass  through  the  nimble 
hands  of  a  damsel,  who  with  tleft  fingers  flying  with  lightning-like  rapidity,  turns 
the  collar  over  as  no  machine  has  yet  been  able  to  do;  from  these  hands  it  passes 
to  the  moulding  machine,  wh>-re  it  is  bent  round  into  perfect  shape,  and  finished 
as  a  perfect  collar.  This  process  is  an  important  one,  requires  skill  in  the  operator, 
and  strength  in  the  paper,  which  must  be  of  the  best  to  resist  the  immense  strain 
required  to  mould  the  collar  into  perfect  shape.  The  collar  is  now,  as  it  were,  born 
shapely,  trim,  and  elegant,  and  ready  to  adorn  the  neck  of  the  most  fastidious, 
having  passed  through  seven  distinct  processes  in  its  manufacture.  It  is  once  more 
taken  in  hand  by  women  and  packed  into  boxes  by  the  hundred,  or  in  the  well- 
known  little  round  boxes  of  ten  each,  which  are  so  convenient  to  toss  into  a  valise 
when  off  for  a  week,  in  the  country  or  elsewhere.  For  the  item  of  boxes  the  com- 
pany expend  over  60,000  dols.  per  annum.  The  first  machine  turned  out  the 
collar  entire,  performing  the  whole  work  at  once,  but  slowly  and  imperfectly;  but 
the  genius  of  the  inventor,  quickened  by  the  rapidly-increasing  demand  for  the 
article,  added  improvement  after  improvement,  by  one  machine  after  another,  until 
the  manufactory  is  now  capable  of  turning  out  5,000,000  of  collars  per  month.  The 
American  Model  Collar  Company  employ  in  this  manufactory  seventy  neatly-dressed 
intelligent -looking  American  women,  most  of  whom  are  young.  These  women 
earn  a  dollar  per  day,  and  their  work  is  clean,  healthy,  and  nr»t  very  laborious. 
Mr.  Gray,  who  first  commenced  to  manufacture  in  the  spring  of  1863,  has  now 
eight  patents  on  collars  and  machines,  having  previously  secured  them  in  Europe. 
Three  of  the  directors  of  the  Company  went  there  this  summer  with  skilled  mechanics 
and  American  machinery,  to  take  measures  to  establish  the  manufacture  in  England, 
France,  and  Belgium,  where  they  will  probably  soon  attain  that  popularity  which 
the  American  moulded  collar  lias  achieved  in  this  country.— The  New  York 
Iron  Age. 


APPLICATIONS    FOR 

PROVISIONAL  PROTECTION  FOR  INVENTIONS 
UNDER  THE  PATENT  LAW  AMENDMENT  ACT. 

$3f  When  the  city  or  town  is  not  mentioned,  London  is  to  be  understood. 

31»<  August,  1865. 

2237  Michael  Judge.  Canada— Tea  kettle  bottoms 

2238  E.  Cowpe  and  D.  Hancock,  High  Wycombe— Break  power  on  railways 
2*239  Matthew  Wooditield.  Adelphi— Carrying  railway  tickets 

2240  William  Carron,  Birmingham — Screws 

2241  W.  H.  Brown,  Sheffield— Cast  steel 

2242  William  George,  Liverpool — Two-wheeled  carriages 

2243  George  Smeaton,  Birkenhead— Cleaning  the  outsides  of  windows 

2244  II.  C.  Ash,  Pimlico— Ice  safes 

2245  Oliver  Bennett,  United  States— Steam  blower. — A  com. 

2246  W.  T.  Read,  Saint  Helen's— Stopping  bottles 

2247  W.  E.  Newton,  Chancery  Lane— Obtaining  spirits  of  turpentine  from  wood.— A  com. 

2248  W.  E.  Newton,  Chancery  Lane — Paper  pulp. — A  com. 

2249  John  Ward,  Leicester — Covers  for  saucepans 

2250  John  Ward,  Leicester— Bobbins  of  winding  machines 

2251  James  Leslie,  Manchester — Loops  of  '  fustian'  cords 

1st  September,  1865. 

2252  Thomas  Lomas,  North  Shields— Sulphide  of  iron 

2253  R.  Knowles  and  J.  Lindley,  Manchester — Carriage  rugs 

2254  J.  M.  Carter,  Monmouth— Shirts 

2255  A.  V.  Newton.  Chancery  Lane — Steam-heating  apparatus. — A  com. 

2256  William  Clark,  Chancery  Lane— Permanent  way  of  railways.— A  com. 

2257  William  Clark,  Chancery  Lane— Submarine  telegraph  cables. — A  com. 

2258  Richard  Davies,  Green  Neath— Propellers  for  ships 

2259  Charles  Horsley,  City  Road — Meters  for  measuring  water 

2260  John  Lake,  Devonport— Steam  boilers 

2nd  September,  1865. 

2261  Joseph  Sproul,  Herts — Laying  ocean  telegraph  lines 

2262  K.J.  Perceval,  Euston  Road— Laying  telegraph  cables  in  the  sea 

2263  Juhez  Elversnn,  Manchester — Sawing  curved  designs 

2264  William  Barford,  Peterborough,  and  Thomas  Perkins,  Hitchen—  Mills  for  grinding 

2265  Samuel  Chatwood,  Bolton — Metallic  safes 

2266  Constant  Reichen,  Lincoln's  Inn  Fields— Fire-arms 

2267  Henry  Ellis,  Bangor — Silicated  alkaline  inks 

ith  Sip.ember,  1865. 

2268  Samuel  R.  Freeman  and  A.  Grundy,  Manchester — Coupling  for  railway  carriages 

2269  Joseph  Drabble  Surrey — Removing  axle-bnxes  from  wheels 

2270  Stephen  Kettle,  Clerkenwell — Water  closet  apparatus 

2271  Pierre  Marvand,  Paris— Disconnecting  horses  from  carriages 

2272  J.  Howard,  W.  Stafford,  and  W.  P.  M'Callum,  Blackburn— Preventing  incrustation 

in  steam  boilers 

2273  A.  V.  Newton,  Chancery  Lane — Surf  boats. — A  com. 

2274  R.  A.  Broomau,  Fleet  Street — Winding  up  watches.— A  com. 

Uh  September,  1865. 

2275  Jacob  Snider,  Strand — Fire-arms 

2276  J.  C.  Evans  and  W.  Fairlie,  East  Greenwich— Lowering  heavy  bodies 

2277  Julien  Grand,  France — Wheel  tires 

2278  Joseph  Neat  and  Francis  Ford,  Southampton— Hair  brushing  machinery 

2279  T.  T.  Ponsonby,  John  Street — Ornamenting  veneers 

2280  T.  B.  Bailey.  Cheltenham— Trimmings 

2281  William  Hunger,  Chancery  Lane— Melting  sealing  wax 


22K3 
22S4 
2245 
2286 
22.S7 
2288 
2289 
22110 
2291 
2292 


2293 
2294 
2295 
2296 
2297 
22:  is 
22:i9 
23:10 
2301 
2302 


6(4  September,  1865. 
H.  H.  Doty,  Regent  Street — Paring  hides 
Louis  Gaciiin,  Hfltton  Garden— Curling  hair.— A  com. 
Samuel  Soutar,  Turnhain  Green — Steam  boilers. 
James  Pilkinirton,  Bolton — Spinning  cotton 
William  Clark,  Chancery  Lane — Steam  engines — A  com. 
R.  A.  Purkis,  Southampton,  and  G.  Callaway,  Brompton— Sewing  machines 
William  Mycock,  Stockport— Lubricating  shafts 
Thomas  Nicholson,  Gateshead — Making  caustic  liquor 
T.  C.  Gibson,  Stamford — Grinding  ointment 
E.  and  E.  Green.  Wakefield — Furnaces 
A.  W.  Parker,  Bow — Ice  houses 

7th  September,  1865. 
Frederick  Tolhausen,  Paris — Fire-works. — A  com. 
J.  M.  Hart,  Cheapside — Iron  safes 
John  Smith,  Oldham — Looms  for  weaving 
James  Dawson,  Greenock— Sugar  decolorizing  vessels 
William  Oldham.  Leeds — Winding  yarn  cops 
Abel  Duvernois,  Paris — Fire  place  with  turning  grate 
Augustin  Morel,  France— Combing  wool 
W.  L.  Wise,  Westminster— Winnowing  grain. — A  com. 
John  Askew,  Charles  Street— Stoning  raisins 
W.  Cory,  Exchange,  and  J.  H.  Adams,  Bow  Road— Floating  vessels 


Sth  September,  1665. 

2303  Alexander  Mackie,  and  J.  Jones,  Warrington— Setting  type  for  printing 

2304  J.  and  W.  Weems,  Johnstone— Hydrostatic  presses 

2305  James  Webster,  Birmingham— Hydrostatic  pumps 
230G  John  Walker,  City  Road— Working  guns  in  ships 


2307 
•2:;iih 
2309 
2310 
2311 
2312 
2313 
2314 
2315 
2316 
2317 
2318 
2319 


Sth  September,  1865. 
William  Unwin,  Sheffield— Iron 

Alexander  Mackie,  and  James  Paterson,  Warrington— Lighting  gas 
John  Anderson.  Glasgow— Signalling  on  railways 
J.  Brigham  and  R.  Bickerton,  Berwick— Mowing  machiues 
Henry  Shanks,  Bridge-of-Weir— Knitting  cotton 
W.  E.  Newton,  Chancery  Lane— Making  lace.— A  com. 
John  Hose,  Leicester— Sewing  machines 
J,  Casthflaz  and  N.  Basset.  Paris— Oxalic  acid 
G.  T.  Bouslii  Id,  Brixton— Flexible  tubing— A  com. 
R.  P.  Roberts,  Kennington  Park  Road — Cleansing  bottoms  of  ships 
R.  C.  Newberv,  Helmet  Row— Wearing  apparel 
A.  E.  Nordcnskiold  and  J.  W.  Smith,  Stockholm— Safes 
John  Pennington,  Dulwich— Closing  carriage  windows 

lll/i  September,  1S65. 


2320  Samuel  Davis,  Strand— Stirrup  latch  bar 

2321  W.  &  S.  Tyne  and  R.  Clayton,  Bradford— Steam  boilers 

2322  William  Hewitt,  Pimlico— Steam  boilers 
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2323  Henry  Hackett,  Warrington,  and  Thomas  Wrigley  and  Edmund  Pearson,   Man- 

chester— Safety  valve  for  steam  boilers 

2324  Charles  T.  Burgess,  Newgate  Street— Reaping  machines 

2325  C.  A.  McEvoy,  Bedford  Square— Pipes  used  for  smoking 

2326  Samuel  Inkpen,  Mile  End— Submarine  telegraph  cables 

2327  John  Lightfoot,  Accrington— Printing  fabrics 

2328  Charles  Huntley,  Hackney  Wick— Foot  balls 

2329  C.  J,  Webb,  Kandalstown— Lighting  fires 

2330  David  Keys,  Strand— Watches 

12tk  September,  1SG5. 

2331  John  Badger  and  J.  II.  Steff,  Worcester— Harrows 

2332  John  Macintosh,  Middlesex — Telegraphic  conductors 

2333  George  Tangye,  Birmingham,  aud  Joseph  Jewsbuiy,  Kinver—  Pulleys 

2334  Joseph  Welch,  Redditch— Swivels 

2335  John  Holliday,  Huddersfield — Colouring  matters 

2336  T.  D.  Stetson,  New  York — Clothes  wringing  machines 

2337  William  J.  Murphy,  Cork— Hydraulic  break 

2338  R.  A.  Boyd,  Southwark— Cooling  rooms 

13th  September,  1865. 

2339  James  Dunbar,  Westminster — Boot*,  shoes,  &c. 

2340  J.  Dunbar,  Westminster,  and  J.  W.  Butler,  Dunmow— Distribution  of  perfumes 

2341  J.  O.  C.  Phillips,  Birmingham— Submarine  telegraph  cables 

2342  John  Dodd,  Oldham— Mules  for  spinning 

2343  A.  V.  Newton,  Chancery  Lane — Improvements  in  spinning  frames. — A  com. 

2344  J.  P,  Woodbury,  Boston— A  locomotive  car 

2345  F.  W.  Prince,  Piccadilly— Fire-arms 

2346  Samuel  Soutar,  Middlesex — Cleaning  the  tubes  of  steam  boilers. — A  com. 

2347  D.  and  J.  H yam,  Houndsditch— Fastening  for  purses. — A  com. 

2348  Samuel  Fox,  Deepcar — Umbrellas  and  parasols 

2349  Sigourney  Wales,  Massachusetts— Window  sashes 

14(A  September,  1865. 

2350  T.  and  T.  L.  G.  Bell,  Plaistow— Calcining  ores 

2351  G.  P.  Harding,  Chi  swick— Tubes  for  gun  barrels 

2352  Isaac  Beamish,  Leadeuball  Street — Lubricating  apparatus 

2353  Jnhn  Lewis,  Preston— Kirets 

2351  W.  B.  E.  Ellis,  Cheltenham— Rifling  fire-arms 

2355  John  Wakefield,  Birmingham— Rivets 

2356  William  Clark,  Chancery  Lane — Magnetic  telegraphs. — A  com. 

15//i  September,  1865. 

2357  L.  G.  Sourzac  and  L.  Bombail,  Bordeaux  Gironde,  France— Leather 

2358  John  Whitehouse,  Tipton— Box-irons 

2359  E.  T.  Read,  Royal  Navy— Cutting  tobacco 

2360  K.  A.  Brooman,  Fleet  Street — Locks  for  trunks. — A  com. 

2361  Walter  Blundell,  London— Cooling,  heating,  and  evaporating 

2362  Saul  Myers,  Liverpool— Smoking  pipes  and  cigar  holders. — A  com. 

2363  A.  V.  Newton,  Chancery  Lane — Cutting  stone. — A  com. 
'2361  Henry  Law,  Essex  Street— Caissons  for  docks  and  canals 
2366  R.  M.  Lowne,  Bartlett's  Buildings— Pegs  for  casks 

2366  William  Clark,  Chancery  Lane — Saddles  and  harness. — A  com. 

2367  Frederick  Meyer,  Paradise  St.,  and  J.  W.  Freestone,  Ram's  Square— Night  lights 

16/;*  September,  1865. 
2363  J.  C.  Hoyt,  Cheapside— Bobbins  used  in  spinning. — A  com. 

2369  II.  A.  Bonneville,  Paris— Save-alls.— A  com. 

2370  II.  A.  Bonneville,  Paris— Safety  lamps.— A  com. 

2371  J.  II.  Johnson,  London  nnd  Glasgow— Shaping  metal.— A  com. 

2372  William  Esson,  Cheltenham— Gas  meters 

2373  Francois  Cailier,  Paris— Extinguishing  fires 

l&th  September,  1S65. 

2374  A.  J.  Sedley,  Conduit  Street — Propulsion  of  vessels 

2375  Michael  Henry,  Fleet  Street — Railway  breaks.— A  com. 

2376  Francesco  Duma,  Italy — Condensing  steam 

2377  O.  W.  Jeyes,  Ley  ton— Effervescing  drinks 

2378  Henry  Venables,  Newcastic-underLyue— Ornamenting  tiles 

2379  Kussel  Aitkcn,  Westminster— Locomotive  engines 

2380  G.  A.  Keene,  Newbtiryport— Feathering  paddlewheel 

2381  A.  V.  Newton,  Chancery  Lane — Projectile. — A  com. 

19(/a  September,  1865. 

2352  Charles  Worssam,  Kingsland  Road— Oonsuming  smoke 

2353  J.  C.  Broadbent,  Rochdale— Safety  cages 

2354  Robert  Fox,  Limehouse — Securing  metal  plates 

2355  John  Fletcher,  Betts  Street — Sugar 

2386  George  Smith  and  Charles  Ritchie,  Upper  Thames  Street— Brooms  or  brushes 

2387  Edwin  Clark,  Great  George  Street—  Floating  dry  docks 

2388  R   A.  Brooman,  Fleet  Street — Engraving  on  metal. — A  com. 

2389  Henry  Lloyd,  Liverpool— Canopies  for  perambulators 

2390  I.  S.  M'Dougall,  Manchester — Insoluble  oils  and  greases 

2391  Edward  A.Cowper  and  C.W.Siemens.  Great  George  Street— Separating  dust  from 

the  gases  evolved  from  blast  furnaces 

2392  James  Gillespie,  Garnkirk — Bricks  and  tiles 

20i/i  September,  1S65. 

2393  Leon  Villette,  Liverpool— Shaping  cork 

2394  J.  11.  Johnson,  London  and  Glasgow — Railway  carriages. — A  com. 

2395  Joseph  lvhnondson,  Halifax — Looms 

2396  II.  A.  Dufrcne,  Paris — Screw  wrenches. — A  com. 

2397  D.  J.  Fleetwood,  Birmingham— Spoons,  forks,  &c. 

2398  William  Porter,  Manor  Park— Bricks  and  tiles 

2399  John  Tye,  Lincoln — Mills  for  grinding  grain 

2400  Erm-st  Petito,  Bromptou—  Communicating  between  the  occupants  of  vehicles  and 

the  drivers 

2401  Daniel  Spink,  Somerset — Casting  metals 

21s(  September,  1SG5. 
2102  N.  B.  Thoyts,  Reading— Billiard  marker 

2403  J.  11.  Huliiie,  Manchester — Excavating  earth 

2404  Sanders Trotman,  Middlesex— Paper 

2405  William  Watkin,  Southwark  — Furnaces 

2406  John  Goulding,  Worcester,  Massachusetts — Bobbin  holders 

2407  E.W.  Collier,  Middlesex— Securing  labels 

2408  A.  V.  Newton  Chancery  Lane — Railways. — A  com. 

2409  William  Clark,  Chancery  Lane— Decolouring  sugar.— A  com. 

2410  Henry  lliblinir.  Leicester—  Boots  :ind  sh.n/s 

2411  Benjamin  Chatter,  Burnley,  and  C.  Thompson.  Padiham— Dressing  stones 

2412  H.  A.  Davis,  Camherwell  —  Affixing  stamps  and  labels 

2413  R.  A.  Brooman,  Fleet  Street— Blast  furnaces.— A  com. 

2414  W.  R.  Lake,  Chancery  Lane— Hoisting  machines. — A  com. 
2115  Alfred  Bird,  Birmingham— Purifying  water 

22/,<2  September,  1SG5. 
2416  William  Boggett,  Chelsea— Wire  conductors* 


2417  F.  T.  Brandreth  and  J.  H.  Brandreth,  Preston— Brushing  hair 

2418  Robert  Atkin,  Middlesex — Screw  propeller 

2419  C.  W.  Orford,  Lifford— Collecting  water 

2420  Henry  Rankin,  King  William  Street— Bags  and  envelopes 

2421  Walker  Moseley,  King  Street— Indicator  for  electric  bells 

2422  Joseph  Sheldon,  New  Haven — Binding  grain. — A  com. 

2423  Matthew  Cartwright,  Tavistock  Street— Elastic  material 

2424  Alexander  Schultz,  Paris— Colouring  matter 

2425  G.  B.  M'Nicol,  Glasgow — Motive  power 

2426  James  Davidson,  Woolwich — Wooden  vessels 

2427  Peter  Spence,  Newton  Heath— White  lead 

2428  Charles  White,  Bracebridge,  and  T.  White,  Lincoln — Socks  for  boots  and  shoes 

23rd  September,  1865. 

2429  H.  A.  Bonneville,  Paris — Lubricating  machinery. — A  com. 

2430  The  Honourable  Jane  E.  Tucbet,  Dover— Fastening  envelopes 

2431  E.  T.  Hughes,  Chancery  Lane— Sewing  machines. — A  com. 

2432  W.  Turner,  S.  Shore,  and  W.  Halliwell,  Rochdale — Cards  used  in  carding  engines 

2433  George  Davies,  Serle  Street— Horse-shoes. — A  com. 

2434  W.  J.  Macqnorn  Rankine — Feathering  paddles  and  oars 

2435  J.  H.  Johnson,  Middlesex— Generating  illuminating  gas. — A  com. 

2436  Thomas  Vincent  Lee,  Macclesfield — Fire-lights  and  fuel 

2437  Joseph  Donnell,  Liverpool — Mincing  meat. — A  com. 

2438  W.  E.  Newton,  Chancery  Lane — Breech-loading  firearms. — A  com. 

2439  A.  V.  Newton,  Chancery  Lane — Generating  illuminating  gas. — A  com. 

2440  G.  E.  Rolland  and  E.  L.  Rolland,  Paris — Cleansing  substances 

2441  Joseph  Parkins,  Middlesex— Bordering  paper 

2442  J.  H.  Simpson,  Kilmeena — Railway  carriage  doors 

2443  Max  Schaflher,  Bohemia — Treating  soda  waste 

2444  John  Player,  Stockton-on-Tees — Malleable  iron  or  steel  balls 

2445  Jacob  Dreisbrner,  New  York— Hydraulic  pressure  engines 

2oth  September,  1865. 

2446  R.  W.  Barnes,  Manchester — Ascertaining  the  state  of  sewers 

2447  William  Routledge  and  F.  Ornmanney,  Salford— Steam  and  hydraulic  presses 

2448  William  Unwin,  Sheffield— Iron 

2449  J.  W.  Coburn,  New  Haven — Boots  and  shoes 

2450  G.  F.  Smeeton,  Halifax— Washing,  wringing,  and  mangling 

2451  Edward  Brooke,  Huddersfield—  Deodorizing  of  noxious  gases 

2452  Alexander  Prince,  Trafalgar  Square — Breech-loading  fire-arms 

2453  W.  E.  Newton,  Chancery  Lane— Pumping  engines. — A  com. 

2454  A.  V.  Newton,  Chancery  Lane — Presses  for  hay.— A  com. 

26tk  September,  1885. 
R.  T.  N.  Howey,  Newcastle-on-Tyue — Tools 
Nicholas  Korshunoff,  Birmingham — Iron  and  steel 
Claude  Parigot  and  Antoine  Grivel,  Davies  Street — Safes 
J.  S.  Staines,  Ratcliffe — Submarine  lamps 
John  Hargreaves,  Farnworth — Sanitary  coffins 
William  Ambler,  Keighley — Knickerbockers 

T.  F.  Cashin,  Sheffield,  and  J.  F.  Al  tender,  Parkgate — Iron  and  steel 
W.  H.  Brown,  Sheffield— Springs 

C  M.  Kernot,  Isle  of  Wight,  and  N.  Symons,  Lambeth — Railway  plant 
R.  A.  Brooman,  Fleet  Street — Moulding  crucibles. — A  com. 
A.  V.  Newton,  Chancery  Lane — Decarbonizing  retorts. — A  com. 
W.  E.  Newton,  Chancery  Lane— Fire-arms  and  ordnance. — A  com. 
John  Hilliar,  Middlesex — Ventilating 

G.  T.  Bousfield,  Brixton — Portfolios  and  paper  files.— A  com. 
G.  T.  Bousfield,  Brixton — Feat  for  fuel. — A  com. 

27 (A  Septemlxr,  1865. 
Archer  Farr,  Dunstable— Receptacle  for  tooth-powder 
John  Taylor,  Chancery  Lane— Wr.shing  machines  and  churns 
George  Eveleigh,  Southampton— Paper 
L.  H.  Gillet,  Paris— Vessels  for  food  and  liquids 
Alfred  Moore,  Warrington— Signalling  on  railways 
James  Broun,  Greenock— Cartridges 
William  Tatham,  Rochdale — Spinning  cotton 
William  Morgans,  Brendon  Hills— Coke  and  charcoal  ovens 
R.  A.  Brooman,  Fleet  Street — Washing  and  wringing  machines. — A  com. 
J.  R.  Arnoldi— Hunter  Street — Steam  engines 
John  Boffey,  Sheerness,  and  Charles  W.  Smith,  Buckingham  Street— Compositions 

for  coating  metallic  surfaces 
J.  J.  M'Comb,  Liverpool — Paddle  wheel. — A  com. 
C.  H.  L.  Wintzer,  Hanover — Phosphorus 

28th  September,  1865. 
Rees  Reece,  Llandilo — Applying  sulphurous  acid 
Cyrus  Price,  Wolverhampton — Locks  and  latches 
Benjamin  Wren,  Stockton-on-Tees— Grinding 
Maurice  Nopitsch,  Paris — Pencils  and  pencil  cases 
Jean  Maublanc,  Paris — Lamps 
W.  E.  Metford,  Taunton — Rifling  fire-arms 
Arthur  Rigg,  Chester — Centrifugal  pumps  and  fans 
A.  M.  Bennett,  Gateacre— Ascertaining  specific  gravities 
E.  T.  Hughes,  Chancery  Lane — Self-centering  chucks. — A  com. 
C.  E.  Davis,  Bath— Cisterns  for  steeping  grain 
Daniel  Spink,  Weston-super-Mare— Propelling 

I.  Smith  and  W.  F.  Batho,  Birmingham — Heating,  evaporating,  and  cooling 
Samuel  Dunn,  Old  Broad  Street— Coffins.— A  com. 
W.  E.  Newton,  Chancery  Lane — Shoeing  horses, — A  com. 
Carlo  Giuliano,  Frith  Street— Chains,  bracelets,  and  necklaces 
R.  A.  Brooman,  Fleet  Street— Sewing  machines. — A  com. 
Edward  Cotham,  Winsley  Street — Fittings  for  stables 

29th  September,  1S65. 
J.  H.  Pinckvoss,  Mark  Lane— Casks 
William  Schofield,  Heywood,  and  John  Smith,  Baxenden— Bleaching,  soaping, 

clearing,  and  washing  yarns  and  fabrics 
W.  E.  Gedge,  Wellington  Street— Steam-engines. — A  com. 
C.  F.  Cottenll,  Cannock — Gas  and  water  pipes 
George  Davies,  Serle  Street — Reclining  chair. — A  com. 
Joseph  Duke,  Puriton — Cement 

John  De  Weweirne  and  Alexandre  Verschafielt,  Belgium — Dyeing 
John  and  George  Addenhrooke,  and  P.  A.  Millward,  Darlaston— Collecting  gases 
George  Gillett,  Whitehaven — Impressing  designs  upou  biscuits 

30th  September,  1865. 
J.  A.  Mee,  Failsworth — Telegraphic  cables 
J.  W.  Hurst,  Deptford— Life-rafts 
J.  E.  Townshend,  Curtain  Rrad— Spring  mattress 
Edward  Lindner,  Old  Broad  Street— Breech-loading  guns 
Arthur  Hill,  Charfield— Candlesticks 
Robert  Willacy,  Lancaster— Food  for  cattle 
J.  H.  Johnson,  Middlesex— Heating  sick-rooms. — A  com. 
J.  W.  M.  Miller,  Smthsea— Preparing  hides  or  leather 
W.  E.  Newton,  Chancery  Lane— To  preparing  wool.— A  com. 
Samuel  Faulkner,  Blackley— Grinding  cards 
William  Longbottom,  Bar'nsley— Weft  winding  machines 
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ON   SOME    TOIXTS   OF   PRACTICE   IN    IRON   FOUNDING. 

It  does  not  admit  of  debate,  that  of  the  many  and  various  metallurgies 
in  which  casting,  or  the  pouring  of  a  liquid  metal  into  a  hollow  mould 
in  order  to  obtain  a  solid  copy  of  its  interior,  is  employed,-  the  casting 
of  iron,,  i.e.,  the  iron  founder's  art,  holds  the  very  foremost  place,  in 
extent,  importance,  and  value,  over  the  whole  world. 

As  an  art,  still  less  as  a  manufacture,  it  was  practically  unknown  to 
the  ancient  world  of  Europe,  the  hither  Asia,  and  Africa,  although  a 
better  knowledge  than  has  been  yet  obtained  of  the  state  of  metallic 
manufactures  in  China,  India,  and  the  remoter  east  of  the  Asiatic  con- 
tinent, at  very  ancient  periods,  might  probably  result  in  showing,  that 
casting  in  iron  mounted  there  into  the  cloudy  heights  of  prehistoric  time. 

la  no  part  of  Europe,  however,  down  to  the  commencement  of  what 
may  be  called  the  closing  of  the  ancient  epochs — namely,  the  dawning 
of  Christianity  and  the  cracking  and  final  fall  of  the  ponderous  towers 
of  imperial  Rome,  which  began  about  contemporaneously,  and  had 
common  causes  forcing  forwards  the  one  and  repressing  into  ruin  the 
other— does  any  trace  exist,. so  far  as  we  are  aware,  of  the  iron  founder's 
art  having  been  employed  for  structural  purposes,  or  even  for  the  pro- 
duction of  objects  of  minor  or  of  domestic  use. 

Probably  the  oldest  traces  of  iron  metallurgy  that  remain  in  Europe 
are  to  be  found  in  the  heaps  of  slag,,  of  ore,  and  even  of  remains  of  fuel 
(lignite),  that  are  found  upon  the  slopes  of  the  Southern  Carpathian  ranges 
in  Hungary ;.  and  in  the  somewhat  similar  vestiges  of  ancient  smelting 
works  for  iron  in  Cyprus  ;  for  though  it  is  probable  that  a  rude  sidero- 
techny  existed  quite  as  early  in  Silesia,,  in  Bohemia,  and  in  Spain,  the 
traces  seem  to  have  nearly  disappeared  beneath  the  plough,  or  been 
hidden  by  the  covering  growth  of  the  wild  plant  world. 

In  these  traces  of  the  old  iron  making  operations,  none  appear  to 
have  been  discovered  indicating  the  employment  of  cast  iron  by  the 
moulder,  nor  is  this  very  l'emarkable,  because  the  oldest  iron  metal- 
lurgy was  directed  to  obtaining  malleable  iron  as  a  first  product. 
Fusible  cast  iron  was  in  fact  an  unknown  material ;  although  some 
doubtful  expressions  occurring  in  the  Iliad  of  Homer,  in  reference  to 
the  piece  or  lump  of  unwrought  (i.e.,-  unshaped)  iron  offered  as  a  prize 
by  Achilles  at  the  funeral  games  of  the  dead  Patroclus,  have  caused 
some  surmises  to  the  contrary. 

It  was  not  until  iron  smelting  in  furnaces,  bearing  more  or  less  rude 
and  miniature  resemblance  to  the  modern  high  furnaces,  and  animated 
either  by  exposure  to  the  natural  wind,  or  by  artificial  blast — the  ore, 
flux,  and  fuel  being  commingled — that  cast  iron  flowed  forth  as  a  met- 
allic product,  and  proved  to  the  old  metallurgist  that  he  had  become 
eudowed  with  what  was  equivalent  to  a  new  metal' — one  that,  while  con- 
tinuing to  possess  many  of  the  properties  of  the  iron  he  had  been  long 
familiar  with,,  had  superadded  to  it  the  quality  of  fusibility  into  a  liquid 
which  adapted  itself  to  every  line  and  sinus  of  the  hollow  into  which 
it  ran. 

But  it  was  long  before  the  knowledge  of  this  fact  was  or  could  be 
taken  much  advantage  of.  As  in  the  progress  of  all  arts,  many  col- 
lateral conditions  of  things  must  come  to  pass  and  to  aid,  before  the 
powers  with  which  the  "  open  secret "  (as  Carlyle  so  well  calls  such 
discoveries)  was  pregnant,  could  come  to  the  birth  in  the  establishment 
of  the  iron  founder's  trade.  So  slow  indeed  was  the  progress,  that  in 
our  own  country,  in  the  time  of  Henry  the  Eighth,  iron  moulding  was 
scarcely  known.  Even  in  the  subsequent  reign  of  Elizabeth  cast  iron 
cannon  were  a  novelty  ;  and  how  rude  and  powerless  were  the  methods 
of  the  iron  founder's  craft,  even  down  to  a  period  later  by  more  than  a 
century,  may  be  judged  of  by  those  who  have  examined  the  old  cast 
iron  andirons  and  grate  back3  of  the  seventeenth  century,  that  still  are 
to  be  found  in  many  of  our  old  country  houses,  or  by  casting  an  eye 
upon  the  railings  round  St.  Paul's  Cathedral,  which,  rude  as  they  are, 
were  no  doubt  the  chef  d'wuvre  of  their  dajr.  Indeed,  until  about  the 
latter  end  of  the  eighteenth  century,  iron  moulding  was  stationary,  or 
scarcely  crept  on  perceptibly. 

Its  first  great  impulse  was  then  given  by  that  grand  council  of  able 
and  energetic  men  who,  with  Roebuck,  developed  tlie  vast  iron  trade 
of  Scotland  ;  and  to  a  Scotchman  also,  to  John  Rennie,  is  due  the  first 
and  most  powerful  demonstrations  of  the  exhaustless  treasury  of  power 
that  lay  hid  in  the  applicability  of  cast  iron  to  machinery,  and  thence 
to  ten  thousand  other  and  new  uses. 

AVithin  that  comparatively  brief  period  of  only  seventy-five  years, 
what  gigantic  strides  have  been  made  in  iron  founding. 
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The  properties  of  the  metal  itself,  both  mechanical  and  chemical, 
have  been  ascertained  by  the  labours  of  many  experimentalists,  and 
the  conditions  of  its  production  from  known  raw  material  made  sure, 
and  the  quality  of  the  produced  pig  iron  uniform  and  certain. 

Improved  machinery  for  blast,  plenteousness  of  fuel,  and  of  the  other 
needful  materials,  due,  in  part,  to  improved  means  of  transport,  but  most 
of  all  to  the  use  of  steam  power  at  every  point,  have  given  us  an  exaltation 
of  temperature  in  the  smelting  furnace  resulting  in  the  increased  purity  of 
the  metal  itself,  and  in  a  degree  of fluidity  in  the  liquid  iron  that  need  not, 
indeed  cannot,  be  surpassed.  The  ingenuity  of  the  millwright  has  kept 
pace  with  these  advances,  by  giving  the  founder  the  means  of  raising 
and  carrying  in  open  vessels  ready  to  pour  into  the  mould,  masses  of 
molten  metal  that  forty  years  ago,. or  even  less,  no  man  dared  to  assume 
it  possible  to  transport  with  safety.  The  like  means  have  given  to 
the  moulder  the  power  to  "open  or  close  boxes,"  "to  pit  loam  moulds" 
of  a  size  and  weight  that  would  at  no  distant  day  have  seemed  fabulous. 

In  mere  size,  a  parallelopiped  of  cast  iron — say  an  anvil  block  for  the 
steam  hammer,  itself  but  a  tool  of  this  mighty  iron  industry — of  three 
hundred  tons  weight,  does  not  touch  the  limit  of  the  possible,  though 
the  rivulets  of  liquid  iron  that  have  gone  from  surrounding  furnaces  to 
form  it  shall  have  taken  hours  to  fill  the  deep  cavity  of  the  mould,  big 
enough  for  a  family  to  dwell  in  while  vacant — though  the  heat  accumu- 
lated in  compelling  the  cold  and  rigid  ingots  to  gather  into  one  fluid 
orb  shall  take  months  to  pass  off,  and  in  wave  after  wave  dissipate  itself 
unseen  in  earth  and  air  around. 

Or,  at  the  other  extreme,  upon  the  neck  or  arm  of  beauty  we  see 
the  minute  delicacy  and  lacelike  finish  of  the  craft,  in  the  brooches  or 
bracelets  of  the  iron  founders  of  Berlin.  Between  these,  what  countless 
ends,  objects,  uses,  products,  come  from  the  iron  foundry  or  are  attained 
by  its  help!  From  frying  pans  and  "hollow  ware"  to  thousands  of 
miles  of  water  mains,  now  and  then  big  enough  to  walk  through  ;  from 
buckles  and  snuffers  to  Rodman  cannon,. that  may  be  crept  into;  from 
knives  and  forks  and  grapeshot  to  Southwark  Bridge,  and  whole  docks 
lined  with  sheet  piling,  and  harbours  won  from  the  sea  :  few  of  us  have 
heard  the  catalogue  of  the  iron  founder's  products,  none  of  us  are  even 
familiar  but  with  fragments  of  the  varied  and  exhaustless  muster. 

Yet  mighty  as  is  this  industry,  impossible  to  be  overrated  in  impor- 
tance, the  art  of  the  modern  iron  founder  is  almost  entirely  "a  mystery 
and  craft,"  an  art  without  a  literature ;  one  practised  hourly  and  with 
general  success  by  innumerable  workmen,,  amongst  whom  are  to  be 
found  many  of  the  most  ingenious,  observant,  and  energetic  men,  full 
of  courage  and  resource  in  facing  the  new  or  the  difficult,  that  exist  as 
working  artizans  in  any  art  or  trade. 

But  they  are  very  nearly  dependent  upon  "  experience,"  upon  the 
knowledge  of  a  traditional  or  observational  sort  collected  during  appren- 
ticeship or  in  daily  work,  in  part  handed  down  from  man  to  boy,  with 
now  and  then  some  little  start  of  advance  or  improvement  in  method 
due  to  the  keen  observation,  stimulated  by  the  natural  love  of  a  good 
return  in  "  piece  work "  wages,  or  in  any  other  way,  of  some  hard 
headed  man  superior  in  brains  to  his  average  fellows.  But  science, 
worthily  so  called,  has  in  its.  applications,  as  yet,  done  but  very  little 
for  the  working  iron  founder,,  especially  for  those  portions  of  the  craft 
that  appertain  to  the  moulder,  whether  in  green  or  dry  sand,  or  in  loam. 

In  much,  in  most,  that  belongs- to  his  calling  the  iron  moulder  goes 
on  very  much  like  a  Chinese,  only  with  the  natural  fortschritt  that  is 
native  to  the  European  generally,  and  more  particularly  to  the  Eng- 
lishman,, superadded  to  doing  as  his  fathers  did  before  him. 

And  to  this  it  is  owing,  more  than  to  anything  else,  that,  even  in  its 
highest  schools,  such  as  are  the  foundries  of  our  Maudslays  and  Penns, 
our  Fairbairns  and  others,  where  the  class  of  work  requires  the  employ- 
ment of  the  very  highest  skilled  workmen,  such  mishaps  as  "  missed 
castings  "  are  far  from  unknown,  and  are  the  occasional  reproach  to  the 
art,  and  the  source  of  often  serious  loss. 

Not  that  we  mean  to  exclude  from  view  the  fact  that  the  business  of 
the  iron-  moulder  or  founder  is  one  so  surrounded  with  complex  condi- 
tions^— physical,  chemical,  mechanical,  &c,  &c. — has  often  to  produce 
forms  so  hard  to  be  dealt  with  in  moulding,  with  materials  occasionally 
new  to  the  hand,  or  unfit  or  uncertain  in  qualities — that  to  the  end  of 
the  chapter  the  moulder's  art  must  continue  one  of  hazard  and  risk  of 
occasional  failure.  But  the  causes  of  failure,  and  hence  failure  itself, 
might  be  far  more  frequently  than  as  yet  foreknown,  and  thus  avoided, 
were  more  of  the  knowledge  of  the  moulder  based  on  science,  and  less 
on  mere  experience  and  practice. 
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We  have  before  now  known  five  very  large  hydraulic  press  cylinders, 
each  requiring  about  fifteen  tons  of  liquid  iron,  cast  in  succession,  and 
each  almost  a  good  but  yet  a  "  bad  casting,"  until  at  last  a  suggestion 
from  a  workman  (not  a  moulder),  who  had  some  clear  notions  on  a 
single  and  not  very  recondite  point  of  applied  science,  enabled  the  very 
same  moulders,  at  the  sixth  attempt,  to  cast  a  perfectly  sound  and 
unexceptionable  cylinder. 

Here  were  ninety  tons  of  iron  melted  ;  tons  of  loam,  sand,  and  other 
materials  wasted,  and  carted  away  as  rubbish  ;  seventy-five  tons  of  iron 
got  into  blocks,  requiring  as  many  pounds  in  money  to  break  up  and  melt 
before  any  use  could  be  made  of  them ;  shop  room  and  rent  occupied  to  no 
useful  end ;  temper  chafed ;  reputation  lost — all  to  make  one  saleable 
casting  of  twelve  or  thirteen  tons  nett  weight ;  and  all  because  the  fore- 
man of  the  job  and  him  of  the  shop  lacked  a  few  clear  ideas  on  matters 
of  heat,  pneumatics,  and  physics. 

A  special  science  of  the  iron  founding  art,  however,  in  the  shape 
either  of  eourses  of  lectures  or  of  a  monograph  treatise,  is  -not  so  easily 
obtainable  as  many  would  perhaps  suppose  who  are  outsiders  to  the 
craft.  Iron  founding  and  moulding  are  of  the  things  upon  which  "  the 
professors  "  are  profoundly  superficial  (if  so  bull-like  an  expression  be 
allowed),  if  not  wholly  ignorant.  It  cannot  be  learned  by  any  rapid  or 
royal  road,  or  out  of  the  •"  moulding  shop."  Much  and  varied  oppor- 
tunity of  observation,  and  upon  a  very  large  scale,  is  necessary  before 
the  science  which  the  professor  possesses,  or  ought  to  possess,  can 
fructify  to  any  use  to  the  working  man,  by  giving  him  in  type  some 
genuine  and  useful  outlines  of  a  special  science  of  his  craft.  There  are 
plenty  of  "  skin  deep  "  accounts  of  iron  founding ;  few  encyclopasdias, 
from  the  great  old  one  of  Diderot  and  Delambre,  which  contains  one  of 
the  best  sketches  of  the  art  as  then  known,  down  to  "  The  Penny  "  or 
"  The  Britannica,"  are  without  such.  There  are  special  chapters  in 
many  French  and  German  big  books  on  the  metallurgy  of  iron,  which 
profess  to  give  more  or  less  descriptive  particulars  of  the  moulder's  art ; 
but  we  have  never  yet  met  with  any  one  of  the  slightest  real  value. 
They  may  serve  to  satisfy  the  lazy  curiosity  of  a  fine  gentleman,  who 
has  a  workshop  perhaps  to  amuse  himself  in,  and  wishes  "to  know  how 
cast-metal  is  made;"  but  for  the  practical  master  iron  founder,  who 
wants  to  ascertain  what  are  the  best  and  most  efficient  arrangements, 
tools,  appliances,  methods,  for  his  foundry  in  general ;  for  the  practical 
workman  of  the  higher  grade,  who  wants  to  acquire  the  reasons  of  the 
faith  and  practice  that  is  in  him,  and  to  get  the  exalted  power  over  his 
work  that  these  alone  can  give,  and  so  to  direct  his  own  head  and  hand 
from  day  to  day,  no  treatise,  no  written  knowledge  exists. 

No  man  is  fit  to  write  any  such  treatise  who  has  not  himself  been 
in  early  life,  and  for  years,  an  educated  and  observant  man  beneath  a 
large  foundry  roof ;  and  the  true  test  of  such  fitness  is  that  the  proposed 
author  should  be  fully  competent,  from  a  specification  and  drawing,  to 
direct  the  moulder  how  he  should  proceed,  even  to  the  remotest  minutiae 
of  his  job,  and,  added  to  this,  should  be  well  up  to  passing  a  sharp 
examination  at  Jermyn  Street  School  of  Mines  on  all  that  relates  to 
everything  that  can  come  into  play  in  iron  moulding — that  is,  pretty 
nearly  everything  of  physical  and  chemical  science  in  relation  to  the 
subject.  A  pretty  wide  set  of  indispensable  qualifications  these  are, 
our  readers  may  say  :  granted,  but  less  than  these  are  of  no  use,  or 
rather,  are  worse  than  of  no  use. 

So  we  may  grant  also  that  a  comprehensive  and  good  treatise  on  the 
science  of  the  iron  founder  is  not  likely  soon  to  be  had,  though  there 
are  a  few  men  amongst  us  in  England,  and  a  larger  number  in  France 
and  Germany,  who  could  do  it  efficiently.  While,  therefore,  we  have 
it  not,  we  may,  in  the  pages  of  this  Journal,  present  now  and  then  some 
scattered  hints  on  occasional  points  of  the  science  and  practice  of  the 
iron  founder. 

A  very  systematic  or  symmetric  order  in  attempting  this  is  not 
importaut.  Let  us  then  take  what  first  occurs  to  us,  and  finish  this 
paper  with  some  observations  on  the  construction  of  iron  foundry  stoves ; 
by  which  our  readers  not  "  of  the  craft "  will  understand  the  stove  or 
chamber  wherein  and  whereby  dry  sand  or  loam  moulds,  sand  cores,  &c, 
are  dried  thoroughly,  prior  to  the  introduction  of  the  liquid  metal  into 
them  or  around  them.  In  British  and  foreign  foundries  in  common, 
"  the  stove  "  is  an  adjunct  of  the  sand  floor  and  pits,  or  moulding  shop 
proper  of  the  foundry,  the  latter  name  properly  applying  to  the  place 
and  apparatus  for  making  castings  viewed  as  a  whole. 

It  is  a  closed  apartment  of  brick  or  other  fire-proof  material,  the  size 
of  which  depends  upon  the  maximum  bulk  of  the  dry  sand  or  loam 


moulds  that  may  require  to  be  placed  in  it,  and  in  its  application  to 
drying  "  cores,"  upon  the  maximum  size  and  length  of  these,  and  upon 
their  specialities  of  form. 

"  The  stove  "  is  sometimes  constructed  as  an  inclosed  apartment 
within  the  foundry  walls,  and  beneath  its  roof;  but  this  is  a  plan  always 
wasteful  of  room,  and  tends  to  add  to  the  heat  and  -vapour  of  the 
moulding  shop.  More  frequently,  and  in  better  arranged  works,  it  is 
built  separately  or  outside  the  moulding  shop,  and  is  approached  from 
the  latter  by  apertures  in  the  external  walls. 

The  size  of  "  the  stove,"  and  the  number  of  apartments  or  of  distinct 
stoves  of  which  it  consists,  varies  much  with  the  special  sort  of  work 
appertaining  to  the  establishment.  In  the  great  iron  pipe  foundries  of 
Middlesboro'  or  of  Scotland,  the  length  and  bulk  of  cores  required,  and 
the  greatness  of  their  number,  cause  the  stove  to  assume  very  great 
dimensions.  Iu  the  foundries  of  our  great  engine  making  establish- 
ments, also,  especially  those  for  marine  engine  making,  the  stove 
requires  to  be  of  great  dimensions,  to  receive  the  large  moulds  for 
"  drysand  work"  in  bed-plates,  condensors,  &c,  as  well  as  the 
"shells"  and  "cores'"  of  cylinders,  air-pumps,  &c,  &c.  In  both  of 
these  last,  as  well  as  in  several  other  specialties  of  iron  founding,  means 
require  to  be  devised  for  mechanical  aid  in  entering  and  removing  these 
heavy  cores,  as  well  as  for  shifting  their  position  within  the  stove,  viz., 
from  a  cooler  to  a  hotter  part,  &c.  In  general,  lines  of  railway  run 
from  suitable  points  of  the  moulding  floor  into  the  stove,  upon  which 
are  placed  carriages,  usually  of  cast  iron  mainly,  which  are  constructed 
with  a  special  view  to  the  class  of  work  they  are  to  transport. 

Thus,  for  pipe  founding  upon  a  large  scale  we  have  in  our  own  prac- 
tice employed  iron  trucks  longer  than  the  maximum  length  of  the  pipe 
cores,  with  a  rack  to  hold  the  cores  constructed  upon  each  truck.  The 
rack  consisted  of  a  sort  of  huge  revolvable  reel,  with  a  horizontal  axis 
of  rotation  more  than  the  height  of  its  radius  above  the  axles  of  the 
truck.  The  two  ends  of  the  reel  or  drum  were  formed  with  jaws  or 
recesses  hooked  to  receive  and  hold  the  respective  ends  of  the  axes  of 
the  "  core  barrels  ;"  and  these  reels  were  so  made  that  they  were  never 
out  of  balance  by  more  than  the  weight  of  one  core.  They  were  filled 
by  the  "  core  makers "  in  the  loam  shop,  and  the  whole  reelful  of 
eores  was  then  run  into  the  stove  along  the  rails,  and  received  at  its 
cooler  end. 

Local  circumstances  in  this  case  unfortunately  compelled  the  cores  to 
be  entered  and  withdrawn  from  the  stove  by  the  same  door,  by  which 
some  time  and  labour  were  wasted.  The  ideal  of  good  arrangement  in 
a  large  foundry,  especially  one  for  engine  work  or  pipes,  would  be  that 
the  stove  should  be  established  between  a  large  "  loam  shop  "  or  "  core 
making  shop"  and  the  moulding  floor  or  casting  shop  proper;  and  that 
the  loam  or  dry  sand  work  prepared  in  the  former  should  enter  the 
stove  at  that  side,  and  be  withdrawn  finished  at  the  other,  ready  to  be 
placed  in  "  the  moulds"  or  "  the  pit"  for  "pouring." 

In  fact,  nowhere  more  than  in  a  great  foundry,  where  everything  to 
be  moved  is  so  ponderous,  is  it  more  important  to  bear  in  view,  in 
arranging  its  parts,  the  great  principle  common  to  it  and  to  all  manu- 
factories, that  the  raw  materials,  whether  of  tools  (in  their  widest  sense) 
or  of  future  products,  should  pass  along  at  each  successive  stage  of 
progress  towards  completion,  with  the  least  possible  expenditure  of 
labour  and  distance,  and  should  never  return  in  track  upon  themselves, 
by  the  contrary  of  which,  in  every  manufacture,  confusion,  and  hence 
loss  of  time,  is  always  incurred. 

Generally,  in  every  foundry  the  pig  iron,  fuel,  limestone,  sand,  loam, 
&c,  &c,  all  raw  material,  should  be  brought  in  near  the  furnace  house 
— that  is  to  say,  near  the  cupolas,  and  air  furnaces,  where  there  are 
sneh.  They  should  all  be  received  and  stored  wider  cover.  A  foundiy 
yard  without  protection  from  rain,  besides  being  frequently  a  mass  of 
black  muck,  is  a  perpetual  leak  of  unseen  loss.  Loam,  sand,  &c,  run 
under  rain  and  spread  at  the  edges,  and  get  trodden  on  and  wasted. 
Coke  gets  saturated  with  wet,  which  must  be  evaporated  by  the  burning 
of  so  much  other  coke,  besides  that  the  steam  from  wet  coke  carries  off 
heat  from  the  upper  part  of  the  cupola  at  a  prodigious  rate.  And  pig 
iron  piled  and  often  kept  in  stock  for  months  or  years  with  rain  trickling 
down  through  the  pigs — the  rain  itself  being  converted  into  a  highly 
corrosive  fluid  by  its  condensation  of  the  sulphurous  acid  vapours  that 
are  always  flying  about  a  foundry— loses  a  by  no  means  unimportant 
per  centage  iu  rust  scaled  off. 

The  whole  of  the  materials  for  loam  work  and  core  making  should, 
from  their  own  separate  shed,  pass  into  the  "  loam  shop"  for  use.    The 


December  1,1865. 


THE   PRACTICAL   MECHANIC'S  JOURNAL. 


259 


loam  mills  for  grinding  and  mixing  "  the  loam"  may  be  either  in  the 
store  shed  or  in  the  loam  shop.  We  prefer  the  latter,  as  being  close  to 
the  " loam  moulders"  and  "core  makers,"  under  the  shop  foreman's  eye, 
and  affording  less  temptation  and  means  to  men  or  boys  skulking  or 
smoking. 

The  fiuished  loam  and  drysand  moulding  should  either  pass  onwards 
to  the  sand  floor  of  the  casting  shop,  or  if  very  bulky,  and  of  forms 
inconvenient  or  hazardous  to  move,  be  pitted  and  cast  in  the  loam  shop. 
The  castings  then,  when  cold,  should  pass  out  of  either  or  both  in  a 
direction  opposite  to  that  at  which  the  parts  of  their  moulds  entered  the 
foundry,  and  should  be  received  under  cover  in  the  "  fettling"  shed, 
where  they  are  to  be  cleaned  of  the  adherent  sand,  &C,  and  the  cores 
extracted. 

For  other  reasons  as  well  as  to  avoid  the  black  muck  of  wet  weather, 
the  fettling  shed  also  should  always  be  under  cover.  When  hot  castings 
are  withdrawn  from  the  sand  and  at  once  exposed  to  rain,  the  sudden  and 
unequal  cooling  produced,  especially  when  the  rain  falls  heavily,  or  the 
ground  has  been  saturated  in  wet,  is  such  as  to  induce  enormous  inter- 
nal strains.  By  these  the  castings  themselves  are  often  distorted  in 
form,  and  even  in  cases  where  this  is  not  evident  to  the  eye,  the 
inequality  of  internal  strain  produced  may  he  permanent,  and  may 
greatly  reduce  the  passive  strength  of  the  casting,  or  even  endanger  its 
existence,  or  cause  it  to  break  spontaneously,  or  under  a  very  slight  blow 
or  vibration.  We  have  ere  now  seen  some  tons  of  water  pipes  rendered 
unsaleable  (by  conditions  of  contract)  from  having  been  thus  dragged 
out  of  the  foundry  and  thrown  on  the  surface  of  the  fettling  yard. during 
heavy  rain,  when  every  length — cooled  most  rapidly  on  the  top  side, 
and  contracting  on  that  side  first  and  most — had,  when  cold  and  rigid, 
become  bent  Into  a  curve,  both  ends  of  each  length  cocking  upwards, 
with  a  versed  sine  of  nearly  an  inch  in  the  nine  feet  length. 

But  this  is  somewhat  of  a  digression,  in  illustration  of  the  general 
principle  of  continuous  transport  through  a  manufactory ;  let  us  now 
return  to  the  stove. 

There  are  some  classes  of  foundries  in  which  it  would  be  practicable 
to  realize  this  principle  of  continuity,  even  in  the  stove,  and  with  some 
resulting  additional  advantages.  Thus,  in  pipe  or  in  shot  and  shell 
foundries — to  which  several  others  might  be  added — the  character  of 
the  work,  and  the  shapes  and  sizes  of  the  cores  or  moulds  generally, 
would  admit  of  the  stove  being  constructed  as  a  long  tunnel-shaped 
apartment,  which  might  be  either  straight  or  curved  into  a  large  semi- 
circle In  plan,  and  into  one  end  of  which  the  wet  cores  should  enter, 
whilst  they  should  gradually  pass  from  that  to  the  other  end,  and  be  with- 
drawn dry  at  the  latter.  In  this  case,  tlie  heating  arrangements  should 
be  so  planned  that  the  coldest  part  of  the  stove  should  be  that  where 
the  wet  cores  enter,  and  the  hottest  that  where  they  are  withdrawn 
finished.  Great  advantages  as  to  economy  of  fuel  and  rapidity  of  drying 
are  procured  by  such  an  arrangement,  the  great  principle  of  which,  viz,, 
that  the  dryer  the  core  (he  dryer  the  current  of  warm  air  it  meets,  should 
be  common  to  all  drying  apparatus.  It  has  been  proposed  by  Mr.  Mallet 
several  years  since,  as  applied  to  his  designs  for  stoves  or  kilns  for  dry- 
ing turf,  an  account  of  which  has  been  published  in  the  Transactions 
of  the  Civil  Engineers  of  Ireland ;  and  it  has  subsequently  been  em- 
ployed by  Mr.  Napier,  of  Glasgow,  in  stoves  for  drying  and  seasoning 
timber  for  joiners  and  pattern  makers.  It  is  not  devoid,  however,  of 
certain  drawbacks,  as  applied  to  the  iron  founder's  use,  which  must  not 
be  lost  sight  of. 

Were  the  conditions  such  that  all  moulds  or  cores  were  nearly  of 
equal  bulk  of  loam  in  proportion  to  the  surface  of  the  core,  they  would 
all  dry  under  given  conditions  at  the  same  rate,  though  the  largest 
core  would  still  take  the  longest  time  to  dry  ;  but  this  is  never  quite  the 
case,  and  sometimes  very  far  from  being  even  nearly  so.  If,  therefore, 
cores  or  moulds  very  diverse  in  these  respects,  be  simultaneously  intro- 
duced at  the  cooler  end  of  such  a  stove,  some  will  and  some  will  not  be 
dry  after  all  shall  have  uniformly  been  moved  to  the  other  end. 

Either,  then,  the  incompletely  dry  cores  must  remain  longer  in  the 
stove,  and  so  "stop  the  way"  to  the  loam  procession  through  it,  or  some 
other  plan  must  be  employed,  such  as  a  subsidiary  stove  to  dry  out  the 
recusants.  When  all  the  cores  are  moved  on  trucks  running  upon  edge 
rails,  the  Inconvenience  of  such  partial  removals  would'  be  considera- 
ble ;  and,  in  fact,  In  every  foundry  stove,  howsoever  constructed,  the 
ity  for  partial  removals,  for  transfer  from  one  place  in  the  stove  to 
another,  hotter  or  colder,  constitute  the  largest  causes  of  inconvenience, 
and  loss  of  time  and  of  stove  space. 


In  some  very  large  stoves  which,  in  our  own  practice,  we  constructed 
formerly,  we  reduced  this  as  near  to  a  minimum  as  is  perhaps  possible, 
by  making  the  whole  floor  of  the  stoves  of  large  smooth  thick  plates  or 
flags  of  cast  iron,  and  making  the  truck  wheels  of  such  a  form  that  when 
in  the  6tove  they  ran  upon  the  flanges  of  the  wheels,  which  were  made 
pretty  broad  in  tread  on  purpose,  and  yet  which  outside  the  stove  ran 
on  edge  rails. 

By  this  means  it  was  easy  to  move  even  a  very  heavy  mass  of  loam 
work  upon  the  truck  in  any  direction  within  the  stove — the  small  friction 
of  the  iron-flanged  wheel  on  the  iron  plates  permitting  a  truck  with  its 
load  of  some  tons'  weight  to  be  moved  easily  by  pinching  bars.  Of 
course  trucks  might  be  designed  for  still  heavier  work,  with  two  pair  of 
wheels  rotating  in  vertical  orthogonal  planes,  either  pair  being  capable 
of  being  pressed  down  into  contact  with  the  ground,  whilst  the  other  pair 
were  withdrawn  simultaneously,  so  that  the  truck  could  be  rolled  in 
either  direction  at  right  angles  to  the  other. 

Another  but  far  less  cogent  objection  to  the  elongated  or  tunnel 
stove,,  arises  from  the  fact  that  sufficient  room  must  be  provided  in 
every  stove,  to  enable  the  moulder  to  get  at  his  core  or  mould,  and  to 
comfortably  "  black  wash"  it. 

The  provision  made  for  this  is  generally  faulty  in  a  high  degree.  It 
will  not  answer,  especially  with  large  thin  work,  to  actually  withdraw  the 
loam  core  or  mould  from  the  stove,  and  thus  let  it  get  materially  cooled 
in  its  progress  to  complete  desiccation,  for  the  purpose  of  black  washing 
it — an  operation  which  requires  often  to  be  several  times  repeated. 
Hence  "black  washing" — i.e.,  painting  over  the  surface  with  water  con- 
taining levigated  coal,  and  sometimes  a  little  fine  "clay  wash"  in  creamy 
suspension — is  almost  always  done  by  the  men  within  the  stove.  We 
ourselves  gave  comfortable  light  to  the  men  by  the  introduction  of  gas 
lights,  which,  from  the  sooty  black  of  every  surface  around,  require 
to  be  powerful  lights  ;  but  we  have  hundreds  of  times  seen  men  working 
at  this  operation  almost  in  the  dark,  with  perhaps  a  swilling  dip  candle 
end  for  light,  in  an  atmosphere  at  a  temperature  above  the  melting 
point  of  tallow. 

There  must  always  be  something  of  an  unsanatory  character  in  this 
working  within  the  stove.  We  have  known  serious  bronchial  diseases 
induced  by  it,  especially  in  winter  weather,  when,  the  men  come  into 
work  with  their  garments  damp. 

Perhaps  the  perfection  of  arrangement  as  regards  the  shell  of  the 
stove  would  be  to  form  it  (for  an  extensive  foundry)  as  a  very  long  brick 
chamber,  the  length  parallel  to  one  side  or  end  of  the  loam  shop,  and  at 
the  opposite  side  parallel  to  one  side  of  the  moulding  or  casting  shop — 
thus  between  both  :  that  it  should  have  iron  doors  at  both  sides  at 
intervals  along  the  whole  length,  and  have  also  iron  sliding  partitions  to 
drop  down  through  slots  in  the  flat  brick  roof  at  the  intervals  between 
those  side  doors,  so  that  the  whole  length  could-  at  pleasure  be  divided 
into  as  many  separate  short  chambers  as  there  were  doors,  or  into  larger 
ones,  say  of  two,  three,  or  a  greater  number  of  door  spaces  in  length  : 
that  a  railway  parallel  to  the  length  should  run.  along  each  flank,  with 
suitable  turn  plates,  &c,  and  with  cross  rails  from  one  side  to  the 
other,  through  each  pair  of  opposite  side  doors :  that  the  main  furnace 
for  heating  should  be  at  or  uear  one  end,  and  the  main  out-draught  at 
the  other,  so  that  as  one  long  stove  the  tunnel  principle  above  adverted 
to  should  be  adopted  ;  but  that,  whensoever  it  might  be  desirable  for  a 
shorter  or  longer  time  to  divide  the  stove  into  shorter  chambers,  means 
should  exist  by  a  tunnel  flue  beneath  the  floor,  with  the  necessary  valves 
and  apertures  to  divert  the  warm  air  current  beneath,  and  so  past,  any 
one  chamber,  letting  it  pass  on  to  those  beyond.  By  this  means,  when 
a  large  piece  of  loam  work  in  any  one  chamber  area  came  to  require 
"  black  washing,"  "  trimming,"  or  any  other  operation,  the  atmosphere 
of  the  particular  space  which  it  occupied  could  be  separated  from  the 
remainder  of  the  stove;  the  outside  air,  and  with  it  light,  admitted  to 
the  one  chamber  only  by  opening  one  or  both  sets  of  opposite  doors, 
turning  the  hot  air  current  now  temporarily  beneath  the  portion  of  the 
stove  so  opened,  until  the  required  operations  were  over — when,  if  the 
work  still  required  drying,  it  could  be  again  exposed  to  the  current  by 
drawing  up  the  two  cross  sliding  partitions. 

Upon  a  limited  scale  we  ourselves,  in  fact,  once  constructed  a  stove 
on  this  plan,  which  was  divisible  into  three  chambers  at  will,  and  which 
worked  very  well.  In  that,  not  only  the  two  cross  partitions  were 
sheets  of  plate  iron  in  angle-iron  frames,  sliding  up  and  down  in 
grooves  and  properly  balanced,  but  all  the  external  doors  were  sliding 
plates  of  the  same  sort. 
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Thus  far,  as  to  the  form  and  arrangement  of  the  external  shell  of  the 
stove.  As  to  its  material,  probably  nothing  is  so  good  as  sound,  hard 
brick.  If  any  walls  be  exposed  to  the  outside  air,  they  should  be  built 
hollow  or  double — a  method  which,  for  the  sake  of  the  coolness  of  the 
shops,  we  should  propose  to  extend  to  all  the  walls.  An  air  space  of 
one  inch  between  two  skins  of  one  brick  thick  each  is  sufficient,  bond 
being  effected  by  interrupted  courses  of  tiles  running  through. 

We  may  now  come  to  the  method  of  heating.  Nothing  can  be 
more  clumsy  and  defective,  wasteful  and  devoid  of  control,  than  the 
methods  usually  employed  for  this.  The  older  stoves,  and  the  majority 
to  the  present  hour,  were  heated  either  by  a  large  external  furnace  or 
fire  of  coal  or  coke,  or  by  a  great  open  chauffer  in  the  interior  of  the 
stove.  In  the  former  there  is  no  radiation  into  the  area  of  the  stove  ; 
in  the  latter  all  the  radiant  heat  of  the  incandescent  fuel  passes  at  once 
into  the  area  thereof.  In  both,  the  stove  itself  is  in  fact  an  enlarged 
portion  of  a  flue  to  the  fire,  and  the  outlet  draught  is  taken  off  most 
generally  at  or  near  the  floor  level,  sometimes  at  the  top  through  an 
aperture  provided  with  a  valve  or  damper,  and  occasional!}'  there  is 
the  means  of  taking  off  an  outlet  draught  at  both  the  floor  and  ceiling, 
or  at  intermediate  levels. 

With  these  rough  and  wasteful  arrangements  of  plant,  it  is  possible 
to  work  a  stove  well,  so  far  as  the  work  alone  is  concerned — for  what 
will  not  trial  and  experience  at  last  enable  attentive  and  skilful  work- 
men to  perform  ? — but  it  is  worked  at  an  enormous  waste  of  heat  and 
fuel,  and  in  the  most  skilful  hands,  with  now  and  then  as  results,  blown 
eastings  from  imperfectly  dried  cores  or  moulds,  or  with  the  unpleasant 
announcement  of  "  burnt  core  stuff." 

In  a  very  few  cases,  chiefly  abroad,  heated  air,  on  the  hot-blast 
heating  apparatus  principle,  has  been  introduced  as  the  heat-supplying 
medium;  but  we  have  not  been  favourably  impressed  with  the  only 
examples  we  have  seen,  which  appeared  to  us  deficient  in  power  and 
not  quite  under  control. 

The  nett  weight  of  coal  or  coke  actually  required  to  evaporate  all 
the  water  out  of  a  cubic  foot  of  wet  loam,  or  core  stuff,  is  extremely 
small — so  small  that,  if  the  fuel  be  applied  to  the  best  advantage,  even 
under  the  conditions  of  necessary  disadvantage  which  are  inevitable,  the 
total  consumption  of  fuel  needed  for  drying  all  the  cores  and  moulds 
of  a  very  large  foundry  would  be  small,  almost  insignificant.  As 
things  are  managed,  however,  there  is  nothing  about  a  foundry  by 
which  fuel  is  so  recklessly  lavished  as  in  "  keeping  up  the  stove." 

A  stove  chamber  of,  say,  25  feet  by  30  feet,  by  10  or  12  feet  high, 
will  be  almost  always  seen  with  a  ma6s  of  incandescent  fuel  to  heat  it 
as  big  as  would  fill  the  fire-box  of  the  largest  locomotive,  and  yet  all 
the  work  that  this  enormous  mass  of  fire  (often  kept  up  day  and  night) 
does,  is  to  keep  a  slow  current  of  air,  which  ought  never  to  rise  in 
temperature  above  400°  or  500°  Fahr.,  passing  through  this  small 
chamber,  and  to  carry  off  with  it  a  very  few  cubic  feet  of  water  in  the 
shape  of  vapour. 

As  the  quantity  of  water  contained  in  wet  loam  varies  from  20  to 
40  lbs.  avoirdupois,  according  to  the  state  of  -temper  of  the  loam, 
and  as  we  know  that,  if  theoretically  perfectly  applied,  1  lb.  of  coal 
will  evaporate  15  lbs.  of  water  under  atmospheric  pressure  (speaking 
roundly),  it  follows  that  a  good  deal  under  3  lbs.  of  coal  ought  to  dry 
a  cubic  foot  of  wet  loam  in  moulds  or  cores. 

As  regards  the  actual  facts  we  have  but  few  exact  statistics ;  but  in  one 
particular  case  in  which,  under  our  own  management,  an  account  was 
kept  for  some  months  of  the  work  dried  and  fuel  consumed,  it  appeared 
that  each  pound  of  water  evaporated  out  of  the  loam  in  one  of  the  "  old 
world"  stoves  had  taken  about  three  pounds  of  coal  to  drive  it  off. 
There  is  thus  room  abundant  for  improvement. 

The  fundamental  principles  upon  which  the  heating  of  foundry 
stoves  depends  are  simple  enough,  and  are  common  to  drying  apparatus 
of  every  description,  no  matter  to  what  use  applied.  Water  evaporates 
into  air  as  into  a  vacuum;  the  tension — that  is,  the  total  barometric 
pressure — being  that  due  to  dry  air,  plus  that  due  to  the  aqueous 
vapour  at  the  given  temperature.  Hence  the  limit  to  evaporation 
from  a  moist  surface  is  produced  in  dry  air,  which  is  perfectly  calm 
and  at  rest,  by  the  pressure  of  its  own  vapour  at  the  given  temperature. 
When  this  limit  is  reached  the  air  is  said  to  be  saturated  with  vapour, 
and  upon  this  point — the  dew  point — depends  the  wet  and  dry  bulb 
thermometer  as  an  hygrometer.  The  weight  of  water  thus  volatilized 
and  held  in  suspension,  or  carried  off  as  a  transparent  gas  by  the  air, 
increases  rapidly  with  the  increase  of  temperature.     Thus,  at  32° 


Fahr.,  the  barometer  being  at  30  inches,  a  cubic  foot  of  air  is  saturated 
with  2-30  grains  of  water  only  ;  at  100°  Fahr.,  it  contains  19-00  grains ; 
at  150°,  70-50  grains ;  and  at  200°,  204-00  grains  of  water. 

If  we  want  rapidly  or  slowly  to  dry  moist  material,  therefore,  within 
a  confined  space,  it  is  obvious  that  mere  elevation  of  temperature  will 
not  suffice ;  for  if  the  air  itself  within  the  space  be  not  changed,  it  soon 
gets  saturated  at  its  temperature,  and  although  by  increasing  the  heat 
we  increase  its  weight  of  water  per  cubic  foot  when  again  saturated, 
the  total  quantity  of  water  removed  and  held  suspended  in  the  saturated 
air  is  small. 

And  it  is  just  this  which  happens  in  most  foundry  stoves.  There  is 
a  huge  fire  and  a  high  temperature  in  the  stove,  but  the  saturated  air 
is  not  carried  off  fast  enough  and  fresh  dry  air  introduced  to  take  its 
place  ;  and  hence,  though  we  may  stew  the  wet  or  half  wet  "  cores  or 
moulds,"  we  cannot  dry  them,  and  in  ignorance  of  this  more  fire  is 
heaped  on.  With  any  given  temperature  of  the  stove,  high  or  low, 
the  air  being  at  rest,  the  rate  of  drying  will  be  greater  just  in  propor- 
tion as  the  air  is  already  less  surcharged  with  moisture.  This  is  very 
nearly  expressed  by  Apjohn's  formula  for  the  wet  and  -dry  bulb 
hygrometer — 

/-=/_!  x  *, 

J       88       30 

in  which  /'  is  the  vapour  tension  at  the  dew  point,  or  that  of  saturation  ; 
f,  the  vapour  tension  at  the  observed  temperature  of  the  air  within  the 
stove-;  d,  the  difference  in  temperature  hetween  the  wet  and  dry  bulb 
thermometers;  p,  the  observed  height  of  the  barometer  (which  for 
our  rough  purposes  may  be  always  taken  at  30  ins.  and  88,  the  con- 
stant co-efficient  for  the  specific  heats  of  air  and  of  steam. 

As  p,  the  height  of  the  barometer,  here  enters  the  formula,  it  is 
plain,  were  it  not  pretty  obvious  even  to  common  sense,  that  if  we 
could  dry  our  loam  or  other  objects  in  a  partial  vacuum,  we  might  aid 
the  direct  effects  of  the  heat.  This,  however,  is  practically  impossible 
for  various  reasons. 

What  is  practicable  and  important  is,  that  we  should  rapidly  change 
the  air  of  the  interior  of  the  stove  as  fast  as  it  becomes,  not  saturated, 
but  long  before  it  even  approaches  to  be  saturated  with  vapour. 

The  rate  at  which  from  a  given  surface  moisture  mij  be  carried  off 
by  a  brisk  current  of  air,  the  temperature  and  all  other  conditions 
remaining  the  same,  is  remarkable.  Dalton  long  ago  found  that  about 
36  grains  of  water  per  minute  could  be  carried  off  by  a  brisk  breeze 
from  the  same  surface  of  water  that  only  3'iekled  about  22  grains  to  a 
still  atmosphere.  In  fact,  if  the  temperature  of  the  evaporating  surface 
be  maintained  constant,  the  rapidity  of  drying  is  proportionate  directly 
to  the  temperature  of  the  drying  body  and  of  the  air  (assumed  equal), 
to  the  dryness  or  degree  of  saturation  of  the  air,  and  to  the  rapidity 
with  which  the  latter  is  changed — that  is,  to  the  rapidity  of  the  draught 
through  the  stove.  It  is  thus  not  a  very  high  temperature  of  the 
stove  that  alone  can  enable  us  rapidly  to  dry  cores  or  loam  work,  but 
highness  of  -temperature  and  rapidity  of  draught  through  the  drying 
stove. 

We  must  in  practice,  however,  possess  the  power  of  complete  control 
as  to  the  rapidity  of  drying,  for  if  we  -dry  too  fast,  though  this  be  done 
even  at  a  very  low  temperature  by  a  very  rapid  current  of  dry  air,  we 
shall  crack  the  surfaces  of  the  loam ;  while  if  we  dry  very  slowly,  it  is 
well  known  to  experienced  moulders  that  certain  molecular  changes 
take  place  in  the  loam,  tending  to  consolidate  its  particles  and  to  pro- 
duce a  density  very  likely  to  risk  "  blowing "  and  failure  in  large 
castings. 

On  the  other  hand,  if  we  attempt  to  dry  too  fast  by  raising  the  stove 
to  a  very  high  temperature,  and  limiting  much  the  current  of  air,  steam 
is  actually  generated  in  the  depth,  or  within  the  thickness  of  the  loam, 
in  place  of  evaporation  only  taking  place  from  the  surface,  and  the  loam 
splits  off  or  "  peels'"  in  places  from  the  moulds  :  in  a  word,  the  cores 
or  moulds  are  spoiled.  The  superior  limit  of  temperature  for  foundry 
stoves  need  never  exceed  about  300°  Fahr.,  and  should  never  rise 
above  500°,  at  least  for  any  length  of  time,  for  at  temperatures  much  in 
excess  of  this,  the  tow  or  horse  dung,  or  other  fibrous  matters  which 
are  tempered  up  with  the  loam  stuff,  as  well  as  the  "  hay  bands  " 
wrapped  round  core  barrels,  &c,  get  partially  charred,  they  lose  their 
fibrous  qualities,  and  they  are  brought  into  a  state  such  as  to  generate 
inflammable  gases  with  a  rapidity  almost  explosive,  when  the  moulds  or 
cores  are  afterwards  highly  heated  by  the  contact  of  the  molten  cast  iron. 
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Fixing  by  the  dry  bulb  thermometer  these  limits  for  maximum  tem- 
perature (and  these  are  far  too  high  -when  the  fresh-made  wet  cores 
or  moulds  are  first  introduced),  we  have  only  to  vary  the  current  of  air 
through,  to  obtain  any  degree  of  rapidity  or  slowness  of  drying  that  may 
be  desired.  The  actual  rate  desirable  must  be  settled  by  a  leading 
workman,  and  be  the  result  of  his  experience  and  observation  of  the 
work  actually  in  progress  of  drying — and  we  have  no  doubt  some  of  our 
readers  (of  the  practical  and  ignorant  in  contradistinction  to  the  prac- 
tical and  well  informed  school)  will  smile  at  the  notion  of  employing  a 
thermometer  at  all  in  connection  with  a  foundry  stove.  We  can  only 
say  as  a  matter  of  fact,  that  we  ourselves  found  great  advantage  at  a 
former  period  in  regulating  the  action  of  a  large  stove,  employed  for  a 
considerable  length  of  time  on  one  description  of  work,  by  the  use  of 
two  instruments  therein — one  the  common  self-registering  mercurial 
thermometer,  by  which  the  maximum  and  minimum  temperature  of  the 
middle  air  of  the  stove  was  registered  every  twelve  hours ;  the  other 
was  a  rough  instrument  devised  after  the  principles  of  Leslie's  Atmo- 
meter,  which  was  in  fact  a  complete  register  of  the  rate  of  evaporation 
or  of  drying  in  the  stove,  and  a  means  of  insuring  that  this  should  be 
maintained. 

This  instrument  consisted  of  a  small-sized  nearly  globular  Spanish 
allcarazza,  or  porous  earthen  water  jar,  holding  about  a  pint,  to  the 
neck  of  which  was  adapted,  by  a  well  fitted  cork,  a  long  glass  tube 
of  about  one-fourth  inch  calibre. 

The  alkarazza  was  filled,  as  well  as  the  tube,  each  twelve  hours  to  a 
certain  height  with  water  kept  in  the  stove,  and  at  about  its  tempera- 
ture, at  the  lowest  and  coolest  part  of  the  chamber.  The  porous  jar 
was  screened  from  dust  and  currents  of  air  by  a  sheet-iron  hood.  When 
the  dry  thermometer  marked  a  given  mean  temperature,  and  when  the 
drying  of  the  moulds,  &c,  was  observed  for  several  days  to  be  marching 
satisfactorily,  the  rate  of  evaporation  per  hour  from  the  surface  of  the 
porous  jar  was  noted,  as  it  was  indicated  by  the  descent  in  that  time  of  the 
water  surface  in  the  column  in  the  glass  tube.  When  this  was  once 
ascertained,  it  was  only  to  command  the  labourers  in  charge  to  maintain 
the  heat  by  the  dry  thermometer  at  such  or  such  a  point,  and  the  current 
of  hot  air  through  the  stove  at  such  a  rate  that  the  water  in  the  tube  of 
the  Atmometer  descended  at  such  or  such  a  number  of  inches  per  hour, 
in  order  to  maintain  the  most  perfect  uniformity  and  certainty  of  working 
of  the  stove. 

We  commend  both  instruments  without  hesitation  to  the  use  of  our 
practical  readers,  and  in  the  belief  that  after  a  little  experience  of  their 
use,  they  will  find  them  an  inprovement  on  rule  of  thumb.  At  the 
same  time,  we  make  no  doubt,  a  good  many  of  our  iron  founding 
friends  will  view  such  a  supposed  refinement  on  practice,  much  with 
the  same  contempt  with  which  some  Andrew  Fairservice  gardener  is 
said  to  have  held  the  introduction  of  thermometers  into  hothouses  or 
vineries,  the  temperature  of  which  he  held  to  be  best  ascertained  by  any 
competent  practical  horticulturist,  simply  by  "  pitten  his  ain  beak" 
inside  the  door. 

Lastly,  as  to  the  sort  of  furnace  or  beating  fire  for  the  stove.  The 
perfection  of  a  foundry  stove  would  no  doubt  be  one  free  from  soot  or 
dust,  a  heated  chamber  with  a  slow  current  of  pure  dry  air  through 
it,  varied  at  pleasure,  and  not  a  portion  of  a  chimney  flue,  lined  with 
soot,  and  with  a  blinding  shower  of  dust  always  passing  through  it. 

To  internal  fires,  chauffers,  we  entirely  dissent.  Even  when  placed 
below  the  level  of  the  stove  floor  they  are  inconvenient,  wasteful  of 
space  and  fuel,  and  dangerous  to  the  men. 

To  the  ol  1-fashioned  huge  trough  full  of  coal  or  coke,  at  one  side  and 
exterior  to  the  stove,  drawing  its  flame  and  gases  into  the  stove  direct, 
we  equally  object,  as  wasteful  and  unmanageable ;  and  this  is  equally 
true  of  the  great  coke  fire  contained  in  a  deep  grate  inside  the  stove,  at 
one  corner  or  side. 

Of  all  other  arrangements,  we  should  prefer  a  Siemen's  regenerative 
furnace,  suitably  placed  at  one  end  of  the  stove,  and  well  below  the 
level  of  the  floor.  The  fuel  may  be  mere  refuse  coal  or  culm,  and  the 
gases  should  be  used  to  heat  alternately  one  or  other  of  two  large  vaults 
full  of  fire-brick,  the  one  of  which  not  being  heated,  should  supply  the 
heated  air  to  the.  interior  of  the  stove.  The  smoke  flue  from  either  or 
both  these  should  be  carried  beneath  the  iron  floor  plates  of  the  stove 
to  the  remote  end,  and  there  carried  into  the  stalk. 

The  chimney  stalk  at  this  end,  however,  will  be  required  to  do  much 
more  than  merely  maintain  the  heating  fire ;  it  must  withdraw  the  whole 
volume  of  moistened  air  as  fast  as  it  has  passed  through  the  stove,  and 


with  always  a  command  of  surplus  power.  For  this  end  its  area  of 
cross  section  must  be  large,  and  a  small  ventilating  furnace  must  exist 
at  its  base,  to  maintain  a  current  independently  of  the  beating  apparatus 
proper.  The  height  of  this  stalk,  however,  should  not  be  great,  for  a 
sharp  cutting  draught  is  not  desirable,  and  always  involves  inequality 
in  the  working  of  the  stove. 

From  the  peculiarities  of  different  establishments  as  to  the  work  they 
engage  in,  it  will  be  best  as  a  rule  to  provide  the  means  of  taking  off  the 
out-take  current  of  air  at  any  level,  or  at  least  at  various  different  levels. 
This  is  especially  necessary  in  the  drying  of  large  loam  or  dry  sand  work 
of  considerable  altitude,  in  which  the  upper  and  lower  portions  never 
dry  quite  alike.  There  are  many  practicable  methods  by  which  this 
condition  may  be  accomplished,  into  which  it  is  scarce  worth  while  here 
entering.  The  gentle,  uniform,  and  diffused  air  draught  that  is  desirable 
in  a  foundry  stove,  is  best  met  by  chimney  out-draught.  It  has  been  in 
one  or  two  cases  attempted  to  be  produced  by  a  fan  draught,  either  acting 
as  an  extractor  or  forcing  in  the  current  of  hot  and  dry  air;  but  the  action 
of  the  fan  is  always  more  or  less  local,  arbitrary,  and  hard  to  control, 
and,  moreover,  is  far  from  being  an  economical  application  of  power  as 
measured  here  in  fuel  and  result. 

In  a  foundry  stove,  heated  as  we  have  just  indicated,  there  will  be 
some  dust  (fine  coal  ash),  but  no  soot  if  it  be  properly  worked.  The 
interior  of  the  stove  may  in  fact  be  kept  quite  clean,  and  in  place  of  its 
being  a  black  hole  in  which  nothing  can  be  seen,  and  into  which  no  one 
with  a  decent  coat  or  shirt  on  may  enter  willingly,  it  should  be  a  clean 
whitewashed  apartment  from  end  to  end,  and  we  see  no  reason  why 
it  might  not  be  lighted  by  glass,  either  from  the  top  or  from  the  sides. 
The  glass  (rough  plate)  might  be  double,  held  without  putty,  in  iron 
frames.  Those  who  may  find  themselves  charged  with  the  design  and 
execution  of  such,  or  of  any  foundry  stoves  upon  a  large  scale,  and  that 
therefore  may  require  to  calculate  with  some  precision  the  supply  of 
heat,  the  volume  of  air  draught,  the  height  and  area  of  stalk  to  carry  it 
off,  &c,  &c,  will  find  much  advantage  in  consulting  the  formula;  which 
have  been  given  by  General  Morin  in  his  Etudes  sur  la  Ventilation, 
published  the  year  before  last  in  Paris. — Ed. 


KING,  SMITH,  &  HOWELL'S  (HARTFORD  STEEL  WORKS, 
SHEFFIELD)  PATENT  IMPROVEMENTS  IN  THE  REVERS- 
ING AND  EXPANSIVE  WORKING  OF  STEAM  ENGINES. 

(Communicated  by  Mr.  Henry  J.  H.  King,  Mechanical  Engineer.) 

The  problem  of  the  advantageous  use  of  the  steam  evaporated  by  the 
boiler  being  almost  wholly  centred  upon  the  mechanical  arrangement 
used  for  admitting  the  steam  to  the  cylinder,  it  does  not  seem  remark- 
able that  a  great  amount  of  attention  should  have  been  paid  to  make  so 
essential  a  part  as  perfect  as  possible,  and  in  no  case  is  this  so  much 
exemplified  as  in  the  history  of  the  locomotive  engine.  Upon  its  first 
introduction,  it  was  found  that  the  plan  then  known  of  shifting  an 
eccentric  round  upon  the  shaft,  to  reverse,  was  unequal  to  the  require- 
ments of  the  case  iu  question ;  and  the  field  being  open,  many  appli- 
cations were  made  for  the  protection  of  inventions  to  effect  this  purpose, 
but  it  was  not  till  the  year  1839  that  anything  of  a  promising  nature 
was  produced.  In  this  year  Mr.  Dodds  took  out  a  patent  for  shifting 
an  eccentric  across  the  shaft  by  means  of  a  wedge  motion  ;  but  he  does 
not  appear  at  this  time  to  have  been  aware,  that  a  slight  modification 
in  the  arrangement  would  have  placed  him  in  possession  of  a  motion 
theoretically  superior  to  the  link  motion  brought  out  four  years  later, 
and  which  only  required  to  be  worked  out  into  a  practical  form  to 
make  it  superior  to  what  has  been  well  called  a  princely  motion. 
The  discoveries  of  the  important  qualities  of  Howe's  link  as  a  valuable 
expansive  gear,  its  superiority  above  all  others,  its  various  forms,  and 
its  universal  applications  in  practice,  are  so  well  known,  that  it  will  be 
unnecessary  to  refer  to  them  in  the  present  article,  the  object  of  which 
is  briefly  to  investigate  the  properties  of  a  stud  pin,  or  single  eccentric 
thrown  out  of  centre  and  shifted  straight  across  the  crank  shaft,  and 
then  to  explain  the  mechanical  arrangement,  based  upon  the  principle 
of  differential  motion,  invented  and  patented  by  us  for  effecting  this 
purpose,  both  in  marine  and  stationary  engines ;  and  also  to  show  how 
a  correct  exhaust  may  be  given  to  the  steam  in  the  cylinders  when  the 
valve  is  worked  by  the  link,  or  by  any  other  motion  having  similar 
properties. 
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To  avoid  as  much  confusion  as  possible,  we  will  suppose  throughout 
that  the  outside  lap  on  the  valve  is  equal  to  the  width  of  the  port, 
which  we  will  take  at  2  inches,  but  that  there  is  no  inside  lap ;  so  that 
when  the  valve  is  in  the  centre  of  its  travel  a  motion  either  way  will 
allow  the  steam  to  exhaust,  and  that  the  maximum  travel  that  can  be 
given  to  the  valve  will  equal  8  inches. 

Diagram  1  represents  a  valve  of  the  above  proportions  worked  by  a 
stud  pin,  s,  in  which  the  steam  is  just  being  admitted  to  the  port,  P, 
the  crank,  c,  being  at  the  dead  centre,  and  the  engine  running  in  the 
direction  indicated  by  the  arrow.  When  s  was  at  R  the  valve  was  in 
the  centre,  and  the  lap  being  equal  to  1  inch,  or  one-fourth  the  travel 

Diagram — No.  1.         ...  -nil"-..      _  .» 


.  ,.'iio 


of  the  valve,  that  distance  must  be  moved  through  by  the  valve  to  open 
the  port  previous  to  the  time  the  crank  arrives  at  its  dead  centre ;  this 
will  require  s  to  be  placed  120°  in  advance  of  the  crank.  By  following 
the  motion  of  S  during  the  next  G0°,  when  it  will  have  arrived  at  T, 
the  port  will  be  wide  open,  after  which  the  valve  will  begin  to  close 
the  port,  and  will  have  completely  closed  it  when  s  arrives  at  u,  a  point 
corresponding  to  s,  but  on  the  opposite  side  of  C  T,  the  steam  having 
been  admitted  to  the  cylinder  during  the  time  that  the  crank  has  been 
running  through  120°,  or,  disregarding  the  small  difference  produced 
by  the  connecting  rod,  three-quarter  stroke  of  the  piston  ;  by  continuing 
to  follow  the  motion  of  s  till  it  arrives  at  v,  when  the  valve  is  in  the 
centre  of  its  stroke,  the  exhaust  will  take  place,  the  crank  having 
moved  through  150°,  or  after  nearly  -J£  of  the  stroke  has  been  com- 
pleted, and  at  the  same  time  the  steam  will  be  cushioned  on  the  other 
side  the  piston. 

If,  while  the  crank  is  in  the  position  shown,  s  is  moved  across  the 
straight  line  S  U,  but  a  very  slight  motion  would  be  given  to  the  valve, 
which  for  all  practical  purposes  might  be  regarded  as  nothing.  Let 
s  be  moved  down  till  it  corresponds  to  a  position  answering  to  135°  in 
advance  of  the  crank,  this  will  shorten  the  travel  of  the  valve,  but  the 
lead  will  remain  the  same  ;  the  port  will  then  be  widest  open  after  45°, 
and  closed  again  at  90°  of  movement  of  crank,  which  would  correspond 
to  one-half  stroke  of  piston,  by  this  alteration  cutting  the  steam  off 
one-quarter  stroke  earlier  than  before;  but  at  the  same  time,  the 
exhaust  will  take  place  earlier,  or  after  the  crank  has  passed  through 
135°,  or  about  £  of  the  stroke  of  the  piston.  Again,  by  shifting  the 
stud  pin  to  175°  in  advance  of  the  crank,  the  port  will  be  widest  open 
after  5°  and  closed  again  at  10°  after  the  piston  had  passed  through  y^  of 
its  stroke,  but  the  exhaust  will  take  place  a  little  after  one-half  stroke. 

If  the  pin,  s,  is  now  moved  across  c  T  until  it  arrives  at  u,  and  is 
there  fixed,  it  will  be  evident  that  to  open  the  port  at  all  the  engine 
must  run  in  a  contrary  direction  to  what  it  did  when  s  was  on  the 
other  side  C  T,  and  this  will  be  the  case  when  s  holds  any  intermediate 
position  between  U  and  C  T.  That  this  will  be  a  similar  motion 
communicated  to  the  link  by  the  action  of  two  eccentrics  occupying 
the  extreme  positions,  S  and  u,  of  the  stud  pin — that  is,  if  the  irregu- 
larity produced  by  eccentric  rods  is  neglected — will  be  apparent  when 
it  is  considered  that  the  link  itself  is  a  vibratory  lever,  from  the  ends 
of  which  a  motion  is  given  to  the  valve  equal  in  every  respect  to  that 
produced  by  the  stud  pin  when  in  the  positions  s  or  u ;  while  in  any 
intermediate  position  the  action  of  S  or  U  would  preponderate  in  the 
same  ratio  as  it  does  when  s  occupies  any  correspondingly  intermediate 
position  upon  the  straight  line,  s  u ;  and  by  bearing  this  in  mind  it  is 
easy  to  point  to  the  position  in  the  link  corresponding  to  any  place 
that  might  be  selected  as  the  point  of  cut  off,  which  we  shall  require  to 
do  hereafter. 

What  effect  is  produced  by  the  varying  angularity  of  the  eccentrics 
will  be  shown  when  we  come  to  make  a  comparison  between  the  single 
eccentric  and  the  link  motion;  but  we  will  now  proceed  to  describe 


the  mechanical  contrivance  proposed  by  us  for  shifting  the  stud  pin, 
or  single  eccentric,  across  the  shaft,  in  large  classes  of  engines  where 
great  power  is  required  to  move  the  valves. 

Figs.  1,  2,  3,  and  4  show  different  views  of  an  arrangement  in  which 
the  shifting  eccentric  is  used,  and  fig.  5  an  arrangement  where  the  stud 
piu  is  made  to  answer  the  same  purpose ;  but  the  principle  employed 
in  both  cases  being  the  same,  fig.  5  will  best  answer  the  purpose  of  a 
general  explanation,  being  on  an  enlarged  scale.  I  is  the  one  end  of 
the  crank  shaft  of  an  engine,  the  opposite  end  of  which  is  supposed  to 
be  in  connection  with  the  screw  or  other  machinery  which  the  engine 
may  be  driving.  Upon  the  spare  end  a  wrought  iron  piece,  F  G,  is 
either  bolted  or  fastened  by  means  of  a  cottar,  and  upon  this  piece  is 
fitted  the  whole  of  the  improved  motion.  Through  G  a  slot  is  cut,  iuto 
which  the  sliding  piece  carrying  the  stud  pin,  s,  is  fitted,  and  which  is 
capable  of  sliding  backwards  and  forwards  upon  g  to  such  an  extent  as 
to  allow  the  stud  pin,  i,  to  occupy  positions  corresponding  to  s  and  u 
(diagram  No.  1).  The  screw,  s,  which  is  the  medium  through  which 
this  movement  is  effected,  passes  through  the  centre  of  both  the  cog 
wheels,  c  and  d.  d  has  a  boss  made  sufficiently  long  to  pass  through  F, 
into  which  a  thread  is  cut,  and  through  which  the  screw,  s. 


Fig.  1. 


Fie.  2. 


answering  the  duty  of  a  nut ;  the  other  wheel,  c,  has  a  feather,  a,  let 
into  it,  which  fits  into  a  slot  shown  upon  the  screw,  which  will  oblige 
the  screw  to  turn  whenever  c  turns.  The  two  wheels,  c  and  d,  gear 
into  a  and  b,  which  are  fitted  loose  upon  the  shaft,  but  independently 
one  of  the  other,  which  will  enable  them  to  be  held  from  turning  while 
F  is  turning  round  with  the  end  of  the  screw  shaft.  This  is  done  by 
means  of  the  end  of  the  hand  wheel  shaft  and  pinion,  F,  which  are 
pushed  forward,  the  end  of  the  shaft  slipping  into  the  slots  in  the 
washer,  Y,  which  will  stop  b  from  turning;  and  a  is  prevented  from 
doing  the  same  by  the  pinion,  F,  which  gears  into  it.  The  two  pair 
of  wheels,  a  and  c,  and  b  and  d,  bear  the  same  ratio  one  to  the  other  ; 
and  a  and  b  being  fixed,  c  and  d  will  make  an  equal  number  of  revo- 
lutions, giving  us  the  case  of  a  nut  upon  a  screw  turning  at  an  uniform 
rate ;  and  while  they  remain  as  they  are,  the  stud  pin  will  remain  in 
an  unaltered  position.  But  if  we  now  want  the  point  of  cut  off  to  be 
varied,  or  the  engine  reversed,  we  have  only  to  turn  the  hand  wheel,  H, 
which  will  turn  a,  whilst  6  remains  stationary,  producing  a  differential 
motion  upon  c  and  d,  and  making  the  nut  wheel  either  run  faster  or  slower 
than  the  screw  wheel,  and  a  transverse  motion  will  accordingly  be  pro- 
duced, shifting  the  stud  pin,  if  continued  long  enough,  to  the  other  side 
the  centre  of  the  shaft,  and  reversing  the  engine.     By  this  means  can  be 
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obtained  an  unlimited  power  to  move  the  valves,  which  is  equally 
effective  whether  the  engine  is  at  work  or  standing.  With  the  hand  wheel 
out  of  gear,  as  shown  in  the  drawing,  the  engine  is  supposed  to  be  on  a 
voyage,  when,  as  the  valves  would  require  no  alteration  for  some  time,  a 
and  b  are  allowed  to  run  round  with  the  engine,  which  will  possess  the 
advantage  of  saving  all  wear  and  tear ;  and  if  any  alteration  is  wanted 
in  the  valves,  it  is  only  necessary  to  push  the  band  wheel  forward  and 
use  it  as  previously  described.  Having  now  given  a  general  explana- 
tion of  the  arrangement  proposed  tor  working  one  valve,  we  proceed  to 
show  how  a  stud  pin  or  single  eccentric  is  qualified  to  work  the  valves 
of  a  double-cylinder  engine,  at  whatever  angle  the  cranks  may  be 
situated  apart,  and  which  will  be  apparent  by  reference  to  diagram  No. 
1 ;  we  will  suppose  the  cranks  to  be  at  right  angles  one  to  the  other. 
The  sliding  piece,  as  shown  in  the  diagram,  is  in  a  perpendicular  position, 
and  the  crank  of  the  engine  in  a  horizontal ;  but  after  an  advance  of  90°, 

Fix-  5. 


the  sliding  piece  will  have  changed  to  a  horizontal,  and  a  connecting-rod, 
if  now  taken  off  in  a  perpendicular  direction  and  connected  with  a  rock- 
ing shaft,  as  shown  in  figs.  6  and  7,  will  bear  the  same  relationship  to  the 
sliding  piece  as  the  eccentric  rod  shown  does ;  that  is  to  say,  the  sliding 
piece  might  now  be  shifted  right  across  the  shaft  without  practically 
moving  the  rocking  shaft,  so  that,  if  it  was  communicated  to  the  valve 
at  the  other  end  by  a  lever,  the  valve  would  be  in  the  proper  position 
to  work  a  crank,  which  might  then  be  at  dead  centre,  and  which  would  be 
the  case  with  one  placed  90°  behind  c.  It  should  here  be  noticed  that 
care  must  be  taken  as  to  which  side  the  crank  shaft  the  rocking  shaft  is 
placed,  as  this  will  be  determined  by  the  position  which  the  cranks  bear 
one  to  the  other. 

Figs.  1,  2,  3,  and  4  show  different  arrangements  in  which  a  single 
eccentric  is  used  as  a  substitute  for  a  stud  pin,  and  which  enables  a 
much  neater  appearance  to  be  made,  as  the  two  pair  of  wheels  are 
fitted  to  the  interior  casting,  K,  which  is  bored  to  fit  the  end  of  a  crank 
shaft,  and  to  which  it  is  bolted  by  means  of  screws.  The  part  of  K 
on  which  the  eccentric  fits  is  square  (in  section  as  shown  in  fig.  1),  and 
upon  which  the  eccentric,  x,  is  fitted,  the  slot  of  which  is  made  of  suffi- 
cient length  to  allow  the  centre  of  the  eccentric  to  pass  to  the  places 
occupied  by  the  stud  pin  when  in  extreme  positions.  The  screw,  s,  is 
just  long  enough  to  fit  between  the  pieces  of  steel  in  the  end  of  the  slot, 
and  passes  through  the  centre  of  the  wheels,  a  and  b,  similar  to  that 
described  in  fig.  5 ;  but  to  enable  two  wheels,  a  and  b,  to  turn  indepen- 
dently of  the  hand  wheel  during  a  long  voyage,  two  washers,  T  and  u, 
are  provided,  fastened  respectively  to  a  and  b.  T  is  placed  in  connec- 
tion with  the  hand  wheel  by  means  of  the  clutch,  G,  and  u  is  stopped 
from  turning  by  throwing  into  gear  the  bolt  carried  by  the  small  bracket, 
o,  which  falls  into  the  slots  shown  in  fig.  7.  It  will  perhaps  at  this 
juncture  be  advisable  to  explain  what  at  first  sight  might  appear  a  little 
inexplicable :  which  is,  that  whatever  way  the  engine  runs,  the  hand 
wheel  must  be  turned  in  the  same  direction  to  produce  the  same  results 
upon  the  shifting  of  the  eccentric. 


For  instance,  suppose  the  engine  is  running  forward  and  we  wish 
to  reverse,  to  do  which  the  hand  wheel  must  be  turned  in  the  same 
direction  as  the  engine  is  running;  this  will  move  the  eccentric  towards 
the  centre  until  the  engine  stops,  and  continuing  to  turn,  the  engine 
will  begin  to  run  backwards — but  still  the  hand  wheel  must  be  turned 
in  the  same  direction  to  put  on  more  steam — which  would  require  a 
continuance  in  the  same  direction  of  the  eccentric  that  it  previously 
had ;  this  will  be  explaiued  more  readily  by  supposing  the  wheels  of 
each  pair  to  be  exactly  the  same  size.  Then,  if  the  hand  wheel,  figs.  1, 
2,  3,  and  4,  is  turned  in  the  same  direction  as  the  engine  is  running,  the 
nut  wheel  will  make  as  many  less  revolutions  than  the  engine  by  the 
number  of  revolutions  made  by  the  hand  wheel,  and  we  will  suppose  this 
moves  the  eccentric  towards  the  centre  of  the  shaft ;  but  when  the  engine 
reverses,  the  nut  wheel  will  make  as  many  more  revolutions  than  the 
engine  by  the  number  the  hand  wheel  makes  :  in  the  one  case  the 
screw  will  run  slower  than  the  nut,  in  the  other  it  will  run  faster ;  but 
as  the  direction  in  which  the  screw  is  turning  is  changed  with  the 
engine  at  the  same  time,  the  result  produced  will  be  exactly  the  same. 
An  objection  to  our  arrangement  might  be  raised  upon  the  grounds  that 
the  rocking  shaft  would  be  of  considerable  length,  and  that  the  valve 
worked  by  it  would  have  an  incorrect  motion  imparted  to  it,  in  two 
ways  :  1st,  that  the  valve  would  open  behind  time,  and,  also,  that  the 
distance  travelled  by  it  would  not  be  equal  to  that  on  the  opposite  side. 
The  first  of  these  objections  can  be  compensated  for  by  making  the  angle 
of  the  eccentric  rods  a  little  more,  or  less,  as  the  case  might  be,  than 
that  at  which  the  cranks  are  set,  and  the  second  by  making  the  lever  in 
connection  with  the  valve  a  little  longer  than  that  which  is  in  connection 
with  the  motion.  In  estimating  the  advantages  possessed  by  a  motion 
of  this  description  beyond  that  of  the  link  motion,  let  us  take  an  example, 
such  as  is  commonly  used  upon  marine  engines,  and  calculate  the  effect 
produced  upon  the  lead  in  the  valves  up  to  the  point  where  the  steam 
would  be  cut  off  at  one-quarter  stroke;  and  the  importance  of  this 
investigation  will  appear  apparent,  when  it  is  remembered  that  up  to 
this  point  the  link  can  alone  be  relied  upon  as  a  variable  expansive 
gear,  when  the  gridiron  valve  is  used  as  a  variable  expansive  valve 
of  this  kind,  when  the  lap  in  the  main  valve  is  equal  to  the  width  of  the 
port  will  not  cut  off  later  than  one-quarter  stroke. 

We  take  an  example  in  which  the  proportion  of  the  valve  is  the 
same  as  diagram  1,  but  which  is  worked  by  the  link  motion,  diagram 


Diagram — No.  2. 


2,  the  length  of  the  link  from  centre  to  centre  being  equal  to  2  feet, 
and  the  length  of  the  eccentric  rods  equals  3  feet,  the  total  travel  of 
the  valve  being  8  inches.  The  crank  is  at  dead  centre,  and  the  eccen- 
trics, e  and  i,  are  in  the  proper  position  for  working  the  engine  either 
backwards  or  forwards,  and  while  in  this  position  the  link  ought  to  be 
shifted  from  one  side  to  the  other  without  moving  the  valve ;  we  will 
suppose  that  the  rods  are  uncrossed  in  the  first  instance,  as  shown  by  the 
dotted  lines,  then  the  proper  curve  for  the  link  would  be  that  shown  by 
the  dotted  centre,  and  by  calculating  the  versed  sine  of  this  arc,  we  find 
it  must  equal  -867  of  an  inch  ;  but  if  we  now  suppose  the  rods  to  be 
crossed,  as  shown  in  the  diagram  by  the  strong  lines,  we  find  that  the 
circumstances  become  much  altered,  and  the  curve  of  the  link  would 
require  to  be  a  great  deal  larger,  and  we  find  when  in  this  position 
the  versed  sine  of  the  arc  would  require  to  be  3'331  inches,  and  as 
the  rods  will  be  crossed  when  the  crank  is  at  one  dead  centre,  and 
uncrossed  at  the  other,  while  in  both  positions  the  valve  ought  to  have 
no  movement  at  all.  When  the  link  is  shifted  from  one  extreme  to 
the  other,  an  inequality  will  be  introduced  which  will  be  best  con- 
tended against  by  making  the  curve  of  the  link  a  mean  between  the 


two,  which  would  make  the  versed  sine  = 


■869  +  3-331  _ 


=  2-099 


inches.     If  this  is  adopted,  and  the  rods  are  crossed,  as  shown  by  the 
strong  lines,  when  the  eccentrics  point  away  from  the  link,  au  advance 
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of  lead  would  be  given  to  the  valve  as  it  approached  raid  gear,  which 
would  amount  at  that  point  to  1*232  inches,  or  nearly  lj  inches,  and 
the  same  result  would  be  produced  upon  the  other  centre ;  while  if,  on 
the  other  hand,  the  rods  are  uncrossed  when  the  eccentric  points  away 
from  the  link,  the  valve  would  cover  the  port  by  1-232  inches,  which 
would  have  to  be  uncovered  before  any  steam  could  be  admitted  to  the 
cylinder;  this  would  of  course  be  worse  than  opening  the  port  too  soon, 
which  will  show  the  importance  of  crossing  the  rods  in  the  proper  direc- 
tion, but,  in  either  case,  the  inequality  produced  by  short  rods  would  be 
so  great  as  to  militate  very  strongly  against  the  use  of  the  link. 

Let  us  now  take  the  motion  given  to  the  valve  by  the  shifting  eccen- 
tric. This  will  equal  the  versed  sine  of  one-half  the  angle  described  by 
the  eccentric  rod  in  moving  to  extreme  positions,  and  which  calculated 

numerically  will  give,  3G  — ■  \  /362 —  (4  x  •SG&)'1  =  ^  of  an  inch, 

the  link  moving  the  valve  more  than  seven  times  the  distance  of  the 
shifting  eccentric.  This  is  the  variation  that  would  be  given  in  mid 
gear,  and  cutting  off  at  one-quarter  stroke,  the  lead  would  not  be  so 
great,  but  the  ratio  may  be  very  nearly  found  by  taking  a  comparison 
between  the  tangent  of  G0°.  And  this  amount,  minus  the  tangent  30° 
(the  angles  referred  to  being  J  those  described  by  the  crank  before  the 
steam  is  cut  off  at  J  and  J  stroke)  =  173  to  115,  which  will  give  a  lead 
to  the  valve,  cutting  off  at  one-quarter  stroke,  of  "813  inches  for  the  link, 
and  '12  for  the  shifting  eccentric.  Another  improvement  that  may  be 
mentioned,  is  the  position  of  the  hand  wheel — which  in  men-of-war  is 
of  importance,  as  the  whole  manoeuvring  of  (he  vessel  during  an  action, 
more  particularly  on  double  screw  engines,  must  depend  upon  the 
reversing  gear.  Ours  is  placed  edgeways  to  a  broadside,  and  in  a  very 
secure  position,  being  level  with  the  screw  shaft  and  sheltered  in  almost 


every  class  of  engine  by  the  condensor.  Another  claim,  and  an  impor- 
tant one,  is  its  simplicity.  As  is  well  known,  the  great  power  required 
to  move  the  valves  of  large  engines  requires  the  use  of  gearing  to  lift 
the  links,  which,  involving  the  use  of  brackets  and  wheels,  would  fully 
balance  the  work  in  the  casting  that  carries  the  eccentric  and  the  four 
little  cog  wheels,  so  that  we  may  say  that  the  saving  effected  by  the 
single  eccentric  in  workmanship  would  be  equal  to  two  links,  two 
eccentrics,  and  two  eccentric  rods,  besides  giving  a  more  perfect  motion 
to  the  valves,  and  placing  the  hand  wheel  in  the  best  possible  position. 
The  second  part  of  our  invention  consists  in  an  arrangement  suitable 
to  any  engine  in  which  a  pair  of  governors  is  used,  and  which  we 
employ  to  act  upon  valves  in  such  a  manner  as  to  regulate  the  speed  of 
the  engine.  Fig.  7  shows  a  plan  of  an  engine  of  this  description,  a  stud 
pin  being  used  for  working  the  valves,  and  which  is  attached  to  the 
sliding  piece,  I.  Upon  I  there  are  two  feathers,  which  fit  into  the 
grooves  of  a  spiral  cut  upon  the  face  of  the  hand  wheel,  H,  which  fits 
loose  upon  the  shaft.  Now  if,  while  the  engine  is  stationary,  the  hand 
wheel  is  turned  in  either  direction,  the  stud  pin  will  be  moved  either 
further  or  nearer  to  the  centre,  and  the  point,  of  cut  off,  would  be  varied 
accordingly,  as  previously  described;  and  if,  whilst  the  engine  was 
running,  it  could  be  made  to  run  either  faster  or  slower  than  the  engine, 
by  any  means,  a  variable  expansion  motion  would  be  produced.     This 


is  what  we  purpose  to  do  by  means  of  the  pair  of  governors,  which  are 
driven  from  the  engine  by  means  of  the  strap,  a,  running  to  the  pulley,  c. 
Attached  to  c  is  a  conned  pulley,  d,  from  which  a  small  strap  (passing 
through  the  strap  guide,  e,  fig.  7),  returns  to  the  hand  wheel,  and 
which,  during  the  time  the  engine  runs  at  its  proper  speed,  will  make  it 
run  at  the  same  speed  also  ;  but  if  any  variation  from  the  proper  speed 
takes  place,  the  governor  will  rise  or  fall,  and  shift  the  strap  across  the 
face  of  the  conned  pulley,  making  the  hand  wheel  run  faster  or  slower 
accordingly,  so  that,  if  the  engine  runs  too  fast,  the  stud  pin  will  be 
shifted  towards  the  centre,  and  the  steam  will  be  cut  off  earlier.  If,  on 
the  other  hand,  the  engine  runs  too  slow,  a  contrary  effect  will  take  place, 
and  the  steam  will  be  admitted  later.  When  the  engine  is  desired  to  be 
reversed,  the  hand,  or  a  little  block  of  wood,  is  pressed  against  the  hand 
wheel,  which,  overcoming  the  friction  of  the  small  strap,  will  bring  it  to 
a  stand  still,  while  the  engine  will  continue  to  run  in  virtue  of  the 
momentum  it  possesses,  and  the  stud  pin  will  be  shifted  across  to 
the  other  side  the  centre  of  the  shaft,  and  the  valves  will  then  be  in 
position  to  run  the  engine  in  the  contrary  direction. 

The  advantages  claimed  for  this  arrangement  are — greater  simplicity 
and  greater  uniformity  of  speed  than  can  be  obtained  by  the  ordinary 
governor,  where  the  speed  of  the  engines  has  to  vary  so  much  to  enable 
the  governors  to  cut  off  the  steam,  when  there  is  a  high  pressure  in  the 
boiler,  and  but  little  pressure  required  in  the  cylinder.  In  the  present 
case  any  fluctuation  will  continue  to  be  operated  upon  until  an  equili- 
brium is  restored,  and  the  engine  may  be  running  just  at  the  same 
speed,  if  the  steam  is  cut  off  at  i  stroke,  or  used  during  three-quarter 
stroke.  In  cases  where  the  end  of  the  shaft  would  not  be  at  liberty  to 
be  used,  we  employ  a  single  eccentric,  which  is  actuated  upon  by  the 
governors  by  means  of  the  differential  pulleys,  and  a  screw  which  is 
fixed  at  right  angles  to  the  crank  shaft,  and  connected 
with  the  eccentric.  If  the  engine  runs  too  fast  or  too  slow, 
the  screw  turns,  and  shifts  the  eccentric  in  the  required 
direction.  For  a  more  detailed  explanation  and  drawings, 
reference  may  be  made  to  specification  No.  3152  for  18G4. 
It  should  also  be  noticed  that  when  the  engine  stops, 
by  the  steam  being  shut  off,  the  stud  pin  will  be  as  far 
removed  from  the  centre  as  possible,  for  the  speed  having 
been  gradually  decreasing  up  to  that  time,  the  governors 
will  have  been  operating  to  shift  the  stud  pin  in  that 
direction,  which  would  be  of  considerable  advantage 
wdien  you  wanted  to  start  again. 

We  have  hitherto  confined  our  attention  to  the  notice 
of  improvements  as  substitutes  for  the  link  motion,  and 
which  in  every  case  give  an  equally  good  motion  as  the 
link,  while  where  short  rods  require  to  be  used,  as  has 
been  shown,  a  very  superior.  But  while  the  link,  or  the 
shifting  eccentric,  gives  a  correct  inlet  to  the  steam,  the 
exhaust  will  not  be  correct;  and  the  third  part  of  our 
invention  has  reference  to  a  means  by  which  this  may  be 
accomplished,  and  which  is  equally  applicable  to  the  link 
motion,  the  shifting  eccentric,  or  stud  pin. 
This  will  be  explained  by  reference  to  fig.  7,  in  which  H  is  a  valve 
worked  by  the  stud  pin  in  the  ordinary  way,  but  into  the  interior  of 
which  a  similar  but  shortened  valve,  p,  is  fitted  so  as  to  slide  easily  back- 
wards and  forwards  in  the  valve,  H.  The  sides  of  both  valves  are  a 
little  inclined,  so  as  to  allow  the  outer  valve  to  always  maintain  a  steam, 
tight  joint  between  it  and  the  inner  one.  As  is  shown  in  the  drawing, 
the  valve,  H,  is  just  upon  the  point  of  returning  in  the  direction  indicated 
by  the  arrow,  and  if  we  follow  this  motion  until  H  is  just  upon  the  point 
of  admitting  the  steam,  the  valve,  P,  will  be  close  against  the  end  of  H, 
and  no  exhaust  will  have  taken  place;  but  as  soon  as  the  steam  is 
admitted,  it  will  fill  the  port,  and  the  full  pressure  of  steam  will  pass  up 
between  the  valves  and  drive  P  to  the  other  end  of  H,  which  will  give 
an  instantaneous  exhaust  to  the  steam  at  the  other  end  of  the  cylinder, 
A,  which  will  always  be  dependent  upon  the  time  of  feed  to  the  cylinder, 
which  the  link  or  single  eccentric  gives  correctly. 

It  might  be  suggested  that  the  two  valves  would  be  driven  together 
with  so  much  force  that  a  series  of  blows  would  be  the  result,  which 
would  quickly  destroy  the  valve  face,  and  render  it  impracticable  to  use ; 
but  a  little  consideration  will  show  that  such  will  not  be  the  case  where 
a  lap  is  used  upon  the  outside  valve,  which  will  always  leave  a  little 
space  beyond  the  port  at  the  time  that  the  valve  is  driven  across,  and, 
confining  the  steam,  will  form  a  cushion,  which  so  checks  the  motion 
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of  the  valves  as  to  avoid  any  contact  at  all.  In  case  the  one  valve 
should  stick  within  the  other  at  any  time,  either  through  standing  for 
some  time  or  from  any  other  cause,  we  employ  a  simple  arrangement 
of  a  little  lever,  which  works  backwards  and  forwards  upon  the  back 
of  the  other  valve,  and  which  directly  comes  into  operation  should 
the  steam  fail  to  drive  it  across.  The  only  condition  required  to  be 
attended  to  when  a  valve  of  this  sort  is  employed,  is  to  make  the  width 
of  the  bridge  of  the  valve  face  equal  to  twice  the  width  of  the  port.  By 
this  means,  instead  of  the  steam  being  allowed  to  pass  slowly  away  from 
the  cylinder  and  exhausted  at  the  wrong  time,  an  instantaneous  escape 
is  given  to  the  steam  at  the  right  period,  which,  more  particularly  in 
small  condensing  engines,  is  an  advantage.  By  the  combination  of 
the  variable  expansive  stud  pin  and  valve  combined,  we  get  an  engine 
qualified  to  reverse,  to  cut  off  the  steam  at  any  part  of  the  stroke, 
through  the  medium  of  the  governors,  and  which  gives  a  perfect  exhaust, 
whatever  the  point  of  cut  ofl'  may  be,  which,  with  the  engines  at  present 
in  use,  require  six  eccentrics,  four  links,  and  a  weigh  shaft  for  lifting 
the  expansion  links. 

An  engine,  with  all  the  motions  attached,  may  be  seen  at  work  at 
Messrs.  Smith's,  Barton  Iron  'Works,  Hereford. 


THE  RIVAL  RIFLE  7-INCH  GUNS.— HAS  LANCASTER'S 
SYSTEM  BEEN  JUSTLY  CONDEMNED? 

Those  who  every  day  around  us  so  glibly  prattle  of  "  facts  being  stub- 
born things"  have  but  little  notion  how  flexible  the}'  may  be  made,  and 
what  slippery  things  they  become  even  in  the  most  honest  heads  and 
hands,  when  people  experimentally  seeking  for  them,  and  intending  to 
ask  a  given  question  of  nature,  put  it  so  awkwardly  or  indistinctly  that 
they  really  put  quite  a  different  one,  and  yet  accept  the  answer  that 
nature  gives — for  she  always  answers  the  real  question  put — as  if  it  were 
the  response  to  the  intended  question.  This  happens  constantly  in  the 
experiments  of  men  of  untrained  minds  ;  and,  even  with  the  best,  is  most 
likely  to  happen  where  the  conditions  inseparable  to  the  subject  are 
most  numerous.  This  last  fact  is  one  of  the  reasons  why  it  is  found  so 
hard  to  elicit  the  truth  as  to  any  artillery  question — even  if  the  deter- 
mination were  unbiassed  by  rivalries  and  partialities — where  guns, 
ammunition,  materials,  wind,  weather,  men's  nerves,  and  other  circum- 
stantialities,  are  all  mixed  up  in  the  problem. 

We  have  never  been  more  struck  with  this  than  in  reading  the  Report 
made  by  the  Ordnance  Select  Committee  on  the  trials  in  firing  shot 
from  the  7-inch  competitive  guns,  rifled  on  the  Lancaster,  Frencii, 
and  Scott  systems,  moved  for  by  the  marquis  of  Hartington  in  March, 
and  ordered  to  be  printed  by  the  House  of  Commons  in  July  last. 

Nobody,  it  would  seem,  unless  it  be  the  Select  Committee  itself,  has 
been  satisfied  with  the  report — elaborate  a  mass  of  facts  and  figures, 
extending  to  8-1  blue-book  pages,  though  it  be  ;  for  of  the  five  original 
competitors  two,  Messrs.  Jeffery  and  Britten,  were  at  once  "  bowled 
out "  on  the  ground  that  their  lead-coated  shot  would  not  stand  the 
6hock  of  explosion  ;  Commander  Scott  has,  we  are  informed,  demurred 
to  the  conclusions  arrived  at  against  himself,  and  has  had  his  cause 
advocated  iu  the  pages  of  our  contemporary  the  Engineer ;  while  Mr. 
Lancaster,  we  are  given  to  understand,  formally  protests  against  the  con- 
demnation of  his  system.  This  is  contained  in  the  statement  that  "  The 
Committee  having  then  witnessed  the  tiring  of  upwards  of  400  rounds 
from  these  (the  Lancaster,  French,  and  Scott)  guns,  were  unanimously 
of  opinion  that  the  Lancaster  system  should  be  rejected  on  account  of  the 
tendency  to  crush  in  the  bore,  evinced  by  the  condition  of  the  recovered 
shells,  its  inferior  accuracy,  and  the  difficulty  of  loading ;  and  that  of 
the  two  remaining  competitors,  they  considered  the  so-called  French 
system  to  be  the  better."  Tims,  for  the  moment,  "  the  so-called  French 
system  "  (such  are  the  Committee's  words)  holds  the  stage  ;  but  in  steps 
Major  Pallisser  and  the  august  chorus  of  the  Select  Committee  itself, 
exit  the  so-called  Frenchman,  and  enter  "the  Woolwich  gun,"  as  we 
are  instructed  the  chosen  instrument  is  now  and  hereafter  to  be  called. 

We  do  not  mean  to  touch  upon  the  question  of  the  Ordnance  Select 
Committee  being,  in  the  same  persons  and  at  the  same  time,  themselves 
inventors,  contrivers,  and  improvers — functions  that  we  should  be  far 
from  denying  to  them  under  different  arrangements — and  also  experimen- 
tal judge,  jury,  and  counsel  for  the  Crown  against  the  private  inventor, 
who  has  no  counsel  for  him,  and  who  is  sometimes,  although  not  always, 
tried  in  his  own  absence.     Nor  do  we  propose  to  go  into  the  question  of 
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whether  the  Scott  system  has  been  justly  set  aside  in  this  Repo:t;  nor 
whether  "  the  Woolwich  gun"  really  deserves  the  opima  spolia  it 
has  acquired  from  the  hands  of  its  own  foster-fathers.  Nor  do  we 
mean  to  suggest  any  intentional  unfairness  towards  any  one  of  the 
candidates  on  the  part  of  the  Select  Committee,  sitting  on  which, 
besides  their  able  and  accomplished  President,  General  Lefroy,  we 
know  there  are  men  of  whom  such  a  supposition  would  be  absurd. 
This,  however,  we  do  boldly  affirm,  that  there  is  scarcely  a  deduction 
made  or  a  conclusion  come  to  from  the  facts  of  the  trials  that  is  not 
vitiated  and  rendered  untrustworthy,  as  respects  the  Lancaster  system, 
by  reason  of  an  inceptive  fallacy  in  the  conditions ;  and  that  the  con- 
demnation of  the  Lancaster  system,  which  has  been  based  upon  the 
deductions  supposed  to  have  been  elicited  from  trials  co-ordinate  and 
equal  as  respects  all  the  competitors,  is  fallacious,  and  not  warranted. 
These  are  outspoken  words;  but  we  expect,  without  much  difficult}', 
to  justify  them  to  our  readers — at  least  to  those  who  arc  in  possession 
of  the  requisite  amount  of  preliminary  knowledge  of  artillery. 

It  will  be  recollected  that  the  late  Lord  Herbert  of  Lea,  when 
minister  of  war,  directed  a  set  of  experiments  to  be  made  with  cast- 
iron  rifled  guns,  all  of  a  32  lbs.  calibre,  and  5C-cwt.  guns;  the  trials 
being  primarily  for  endurance  under  several  different  systems  of  rifling. 
A  long  and  tedious  course  of  trials  was  made,  which,  in  !  i  iaf,  eventuated 
in  the  following  results:  — 

1.  Four  Whitworth  guns — two  being  32-ponnders,  and   two  08- 

pounders — all  burst  under  the  25th  round. 

2.  One  Britten  gun,  32-pounder,  but  only  bored  up  to  18-pounder 

calibre,  burst  on  the  60th  round. 

3.  One  gun,  32-pounder,  Scott's  rifling,  burst  on  the  73rd  round. 
One  gun,  32-pounder,  Scott's  rifling,  burst  on  the  310th  round. 

4.  Two  guns,  32-ponnders,  Jcfl'ery's  rifling,  burst  on  the  50th  round. 

5.  One  gun,  32-pounder,  Haddan's  rifling,  burst  at  the  205th  round. 

6.  One  gun,  32-pounder,  on  the  French  plan  of  rifling,  burst  on  the 

120th  round. 

7.  One  gun,  32-pounder,  oval  bore,  rifled  on  Lancaster's  system, 

fired  2000  rounds  without  injury,  and  is  now,  we  believe, 
deposited  in  the  Rotuuda  at  Woolwich,  sealed  by  the  Ordnance 
Select  Committee,  with  the  history  of  its  remarkable  endurance 
painted  upon  it. 

Yet,  notwithstanding  the  fact  that  out  of  twelve  guns  tried,  eleven 
had  burst  with  between-50  and  310  rounds,  while  one  alone  (the  Lancas- 
ter) had  stood  uninjured  2000 — had  then  actually  tired  out  the  patience 
of  the  Committee,  and  it  remains  still  to  be  tried  how  many  hundred 
more  rounds  it  might  fire  before  its  being  worn  out  or  being  destroyed; 
in  the  face  of  all  this,  and  against  all  probability,  the  Ordnance 
Select  Committee  of  that  day,  in  their  discussion  of  the  results  of  those 
trials,  reported  their  opinion  that  the  superiority  of  the  Lancaster  gun 
was  a  mere  accident,  and  that  it  was  to  be  attributed  to  the  fortuitous 
fact  (which  is  itself  a  simple  unproved  assumption)  of  the  superiority  of 
the  metal  of  which  the  Lancaster  gun  was  made. 

Strange  indeed,  that  seven  rivals,  with  Mr.  Whitworth  amongst  them, 
and  eleven  competitor  guns,  should  have  been  so  preternatural]}'  unlucky, 
and  Mr.  Lancaster,  not  himself  an  iron  founder,  and  hence  obliged  to 
entrust  the  making  of  his  guns  always  to  others,  so  fortunate — with  the 
chances  alone  eleven  to  one  against  him  !  The  opinion,  we  may  not 
shrink  from  saying,  looked  like  a  foregone  condemnation.  It  was  under 
any  view  improbable  in  itself,  and  ignored  wholly  those  circumstances 
in  the  molecular  constitution  of  cast  iron  and  of  other  bodies,  by  which 
fracture  under  severe,  and  especially  impulsive  strain,  is  superinduced 
by  re-entering  angles  and  abrupt  changes  of  contour,  such  as  are  inevi- 
table in  all  sorts  and  forms  of  grooved  rifling. 

Our  own  remarks  in  elucidation  of  this,  in  relation  to  the  preceding 
competition — nay,  our  own  prediction  of  what  the  result  of  such  a 
competition  should  be — may  be  found  in  some  of  the  past  pages  of  this 
Journal. 

However,  we  recur  to  this  competition  with  cast-iron  guns  no  further 
than  to  point  out  that  a  result  so  remarkably  pronounced  in  favour  of 
Lancaster's  system  ought  to  have  entitled  it  long  since  to  a  far  more 
searching  and  exhaustive  series  of  experimental  investigations  than  it  has 
even  yet  received,  and  to  fairer  treatment  than  it  has  had  accorded  to  it 
in  these  later  trials  with  wrought-iron  guns.  Before  passing  on  to  these 
later  trials  we  may  just  remark,  that  had  the  opinion  of  the  Ordnance 
Select  Committee,  that  the  surprising  endurance  of  Lancaster's  cast-iron 
gun,  so  facile  princeps  above  all  rivals,  was  due  to  a  mere  happy 
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accident  of  metal,  had  any  foundation  whatever  beyond  mere  unsup- 
ported conjecture,  it  ought  to  have  become  supported  by  observation  of 
the  results  of  trials  with  wrought-iron  ringed  guns  made  at  Woolwich, 
Elswick,  &c,  upon  various  grooved  systems  of  rifling,  and  upon  the 
oval  bore  system,  subsequently  to  the  series  of  cast-iron  experiments. 

Here,  with  wrought  iron,  there  is  little  or  no  room  for  happy  acci- 
dents ;  the  metal  is  and  can  be  known  to  be  the  same  for  all ;  the 
workmanship  of  Woolwich  or  of  Elswick  cannot  be  called  in  question. 
The  happy  accident  of  superior  metal,  therefore,  must  here  disappear. 
Lancaster  must  stand  or  fall  on  his  naked  merits  or  demerits  ;  and  if  it 
be  that  the  endurance  of  his  guns  in  cast  iron — seven  times  greater  at 
least,  possibly  greatly  more,  than  that  of  his  next  best  competitor — was 
only  so  because  good  metal  saved  him  in  spite  of  his  evil  system,  while 
bad  metal  destroyed  all  his  seven  opponents  in  spite  of  their  several  and 
many  virtues,  then  must  the  gods  decree  contrary  now,  when  the  nature 
of  the  material  must  give  equal  and  fair  play  to  all. 

Well,  what  appear  to  be  the  general  facts  since  then  ?  Sir  William 
Armstrong's  GOO-pounder  22-ton  gun,  13-inch  calibre,  made  at  Elswick 
under  his  own  eye,  has  probably  not  fired  one  hundred  rounds,  if  so 
much  (we  do  not  know  the  precise  number) ;  yet  it  is  said  to  be  deeply 
fissured  along  the  angles  of  the  rifle  grooves,  and  to  be  no  longer  safe 
with  full  charges. 

The  300-pounder  12J-ton  gun,  made  by  Sir  William,  blew  the  breech 
out  before  it  had  fired  a  very  few  rounds. 

The  French  7^ -ton  gun  was  found  to  be  deeply  fissured  along  the 
rifle  grooves,  reaching,  we  have  understood,  quite  through  the  steel 
lining  tube. 

The  Scott  7i-ton  gun  suffered  the  same  fate,  at  or  near  the  breech 
end.  The  7-inch  Armstrong  shunt  gun  met  with  the  same  disaster, 
after  very  little  practice ;  and  only  this  year  (if  we  have  been  rightly 
informed)  the  Frederick  7-inch  135-cwt.  gun,  a  six-grooved  shunt  rifle, 
had  only  fired  a  very  few  experimental  rounds  before  it  was  also  split 
at  the  angles,  through  the  steel  lining  tube,  and  was  returned  by  the 
navy  as  unserviceable. 

Against  all  these  varied  mishaps  we  have  the  fact  that  the  Lancaster 
7j-ton  7-inch  oval-bored  gun  of  wrought  iron,  after  having  fired  nearly 
500  rounds  with  12,  20,  and  25  lbs.  charges,  remains  sound,  smooth, 
unfissured,  and  uninjured.  Are  we  here  once  more  to  say  with  Hamlet — 

"  Oh  no,  here's  metal  more  attractive  ?" 

or  must  we  admit  at  last  the  truth  that  all  true  science  points  to  before- 
hand— viz.,  that  there  are  real  elements  of  endurance  in  the  oval  bore 
that  are  wanting  to  all  grooved  guns  t 

These  latent  but  unshunable  evils  of  the  grooved  or  polygonal  system 
are  masked  in  small  guns;  but  they  have  shown  themselves  unmistakably 
enough  in  every  attempt  made  to  produce  a  rifled  gun  of  great  calibre  on 
any  grooved  system.  If  rifled  guns  of  great  calibre  are  to  be  produced, 
and  admittedly  these  are  the  demand  of  the  moment  and  of  the  future, 
then  must  the  Lancaster  system  be  resorted  to,  or  some  other  equiva- 
lent, if  any  such  can  be  found,  that  will  permit  the  rifled  principle  to  be 
employed  without  sharp  grooving,  or  any  abrupt  changes  of  contour  or 
of  thickness  in  the  interior  of  the  chase. 

For  this  reason  it  is,  because  we  hold  still,  as  we  have  long  done,  that 
in  the  Lancaster  system  lies  the  hope  of  the  heavy  rifled  artillery  of 
the  future,  do  we  regret  the  circumstances  and  the  conclusions  of  the 
Ordnance  Select  Committee  as  to  the  trials  reported  on  in  July  last. 

We  proceed  now  to  point  out  briefly  why  we  view  those  trials  as  hav- 
ing been  unfair  to  the  Lancaster  system,  and  in  their  results  fallacious. 

For  the  competition — which,  be  it  remarked,  was  not  as  to  any  one 
special  quality,  but  as  to  all  the  qualities  appertaining  to  a  heavy  rifled 
cannon,  variously  rifled,  and  included  range,  accuracy,  &c. — five  wrought- 
iron  ringed  muzzle-loading  guns  were  manufactured  and  rifled,  viz., 
on  Britten,  Jefferys,  Scott,  the  French,  and  the  Lancaster  plans. 

Each  gun  had  a  steel  interior  tube  3  inches  thick ;  the  average 
weight  per  gun  was  149  cwts.  ;  the  length  of  chase,  10  feet  6  inches  ; 
the  vents,  5}  inches  from  the  breech,  for  quickest  ignition  with  20  lbs. 
charges. 

Jefferys  and  Britten's  guns  had  13  grooves  each ;  Scott's  gun,  5 
grooves ;  and  the  French  gun  3  grooves — all  pretty  shallow,  and  all  in 
cylindric  bores ;  Lancaster's,  of  course,  the  oval  bore.  All  the  guns 
were  thus  assumed  to  hare  been  strictly  similar — to  have  differed  in 
nothing  but  in  the  forms  of  the  rilling.  The  programme  was  to  make  like 
experiments  with  all  of  them.     Were  this  assumed  similarity  a  genuine 


reality,  the  results  ought  to  have  been  valuable  and  decisive  ;  but  if  the 
fact  be,  as  it  truly  is,  that  the  guns  were  not  similar,  that  they  were 
made  to  differ  in  one  particular,  which  involved  dissimilarity  of  projec- 
tile, and  which  gave  an  advantage  or  a  disadvantage  to  any  one  com- 
petitor, then  must  the  results  be  viewed  with  distrust,  and  every  opinion 
or  conclusion  based  upon  them  be  subjected  to  a  searching  retrospective 
criticism  before  it  ought  to  be  admitted  as  even  warranted  at  all — far 
less  as  decisive. 

The  Committee  state  in  their  Report,  Section  2  : — "  Warned  by  the 
experience  of  the  former  competition,  they  determined  to  limit  the  trial 
strictly  to  the  rifling  of  the  guns,  and  they  therefore  endeavoured  to 
eliminate  all  other  sources  of  difference,  and  themselves  fixed  a  uniform 
weight  and  form  and  windage  of  shot,  and  also  the  charges  of  powder." 

Nothing  could  have  been  better  or  fairer  than  this,  had  it  been  carried 
fairly  out ;  but  what  do  we  find  in  the  very  next  paragraph  as  to  how 
it  actually  was  carried  out  ?  The  Committee  proceed : — "  Mr.  Lancas- 
ter's shot  are  slightly  shorter  than  the  others,  because  the  Committee 
had  previously  determined  that  the  term  7-inch  gun  should  mean  a  gun 
down  which  a  7-inch  spherical  shot  could  be  rolled,  and  under  that 
definition  the  internal  sectional  area  of  an  oval-bored  gun  must  neces- 
sarily be  larger  than  that  of  a  grooved  gun  of  the  same  nominal  calibre." 

Now  we  submit  that  the  question  assumed  as  that  about  being 
asked  experimentally  of  nature,  was  this,  Which  of  these  five  guns 
shall,  on  the  whole,  best  answer  all  requirements  when  tried  for  throw- 
ing a  projectile  of  equal  weight  and  with  equal  charge,  the  length  and 
the  weight  of  the  projectile  being  both  fixed,  and  the  transverse  area  or 
cross  section  of  the  projectile  being  the  same  for  all,  and  the  form  of 
the  bore  being  determined  solely  by  the  preceding  conditions  of  the 
projectile,  and  by  the  exigencies  of  the  mode  of  rifling?  This  would 
have  been  to  frame  a  precise  question,  and  to  ask  it  fairly.  But  what 
does  the  Committee  previously  (to  what  is  not  clear)  determine  ? 
That  the  minimum  diameter  of  the  bore  of  Lancaster's  guu  is  to  rule 
everything ;  that  a  7-inch  gun  is  to  mean  one  down  which  a  7-inch 
round  shot  could  be  rolled :  so  that  it  was  not  equal  guns  with  equal  pro- 
jectiles and  various  rifling  they  really  were  to  try,  but  guns  with  a 
purely  fictitious  title  to  equality. 

Now  what  was  the  effect  of  this  arbitrarily  introduced  extraneous 
condition — one  made  in  direct  conflict  with  their  own  assertion  just 
before,  that  "  they  desired  to  eliminate  all  other  sources  of  difference," 
"except  the  rifling  of  the  guns" — upon  the  Lancaster  gun? 

All  the  other  competitive  guns  were  cyliudric-bored,  with  grooves 
relatively  very  shallow.  All  were  7  inches  diameter,  and  had  a  trans- 
verse section  of  bore  of  about  38"4846  square  inches,  exclusive  of  the 
grooves,  which,  at  the  most — viz.,  in  the  French  gun — gave  not  more 
than  about  0'5  square  inch  additional. 

But  if  Lancaster's  gun  was  to  admit  a  7-inch  round  shot  to  be  rolled 
down  its  bore,  it  is  manifest  that  his  calibre  cannot  be  taken  at  7  inches, 
— a  mean  between  his  major  and  minor  elliptic  axes — nor,  in  fact,  in  any 
other  way  but  by  making  his  minor  axis  equal  to  the  7-inch  round  shot. 
He  then  must  make  his  major  axis  as  much  larger  as  will  insure  his 
method  of  rifling. 

What  is  the  result,  in  fine?  Lancaster's  gun  is  in  bore  7  inches  minor 
and  7 '60  inches  major  axis,  and  the  transverse  section  of  the  bore 
becomes  41 '7833  square  inches.  And  thus  he  starts  at  once  weighted 
for  the  race,  with  a  bore  of  3'2987  square  inches  greater  than  that  of 
any  one  of  his  competitors,  or  nearly  ten  per  cent,  against  him. 

Let  us  pause  an  instant  for  one  remark.  It  is  highly  important  that 
any  rifled  gun  should  be  capable  of  discharging,  without  danger  or 
injury,  round  shot  if  need  be  ;  and  we  have  always  maintained  that  one 
of  the  several  advantages  of  the  Lancaster  system  is  the  facility  it  pre- 
sents for  doing  this  without  the  injury  to  the  chase  that  must  happen 
to  grooved  rifle  guns  if  round  shot  be  fired  from  them,  the  balloltage  of 
which  will  soon  hammer  out  the  grooves  altogether,  or  distort  their  edges 
so  as  to  wedge  the  rifle  shot  loaded  after  them.  It  was  therefore  quite 
suitable  and  en  regie  for  the  Ordnance  Select  Committee  to  have  in 
their  Report  noticed  the  relative  capabilities  of  the  several  competitors' 
guns  to  throw  round  shot,  and  if  Lancaster  had  been  left  free  to  choose 
his  own  calibre,  to  have  remarked  that  his  system  involved  this  result 
— that  his  gun,  for  a  given  length  and  weight  of  rifled  projectile,  was  only 
competent  to  throw  a  somewhat  smaller  diameter  of  round  shot  than  the 
others.  This,  in  our  judgment,  they  should  have  done,  and  let  the 
result  prove  of  such  disadvantage,  in  this  one  respect,  as  it  might  to  the 
Lancaster  system.  But  it  was  not  competent  to  the  Committee,  in  fairness 
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as  judges,  or  in  exactness  as  experimental  philosophers,  to  have  insisted 
upon  a  condition  which  it  could  not  have  escaped  any  man  even  mode- 
rately acquainted  with  the  subject,  must  put  Lancaster  at  a  serious  dis- 
advantage in  respect  to  each  one  of  his  competitors — a  condition,  too,  in 
direct  conflict  with  their  own  alleged  programme. 

Let  us  just  take  the  several  points  in  the  order  reported  on  by  the 
Committee,  and  note  how  this  disadvantage  tells  against  Lancaster  in 
each. 

Section  9,  Report  (Endurance). — With  equal  total  weight  and  length 
of  gun  the  surplus  strength  (which  is  the  magazine  from  which  endur- 
ance is  drawn)  must  be  less  as  the  calibre  area  is  greater,  because 
less  metal  is  left  to  give  surplus  strength. 

(Easiuess  of  Loading)  Report,  Section  10. — The  ease  of  loading 
must  be,  ceteris  paribus,  in  the  ratio  of  the  surfaces  of  contact  of  pro- 
jectile and  of  gun.  Now  the  surface  of  cylindric  bore  of  all  the  guns, 
except  Lancaster's,  was  for  the  unit  of  length,  18-S49  square  inches; 
but  in  Lancaster's  it  was  that  due  to  the  elliptical  surface  of  7'6  x  7 
inches,  or  22  933  inches  for  unit  inch  of  length. 

On  the  11th  Section  (Liability  to  injury  of  projectile  by  rough 
usage)  we  need  say  nothing,  as  the  Committee  admit  Lancaster's  to  be 
the  very  best  in  this  respect;  nor  on  Section  12  (Recoil),  because  it  is 
pretty  obvious,  as  admitted  in  the  Report,  that  with  equal  weights  of 
guns,  carriages,  projectiles,  and  charges,  the  recoils  must  be  alike  for  all, 
within  the  limits  possible  to  be  observed  in  rough  artillery  experiments; 
though  we  may  remark  that,  rigidly,  the  larger  bore  forced  on  Lancas- 
ter, as  offering  a  larger  front  of  resistance  to  the  air,  tended  to  give  him 
the  disadvantage  of  showing  a  greater  recoil.  Nor  need  we  pause  on 
Section  13  as  to  initial  velocity,  because  the  Committee  admit,  as  the 
results  indeed  oblige,  that  the  highest  initial  velocities  were  produced 
in  the  Lancaster  projectiles. 

Then  we  come  to  Section  14  (Range  and  accuracy)  and  here, 
nil  obstante,  Lancaster  comes  in  with  the  largest  range,  but  with 
somewhat  smaller  accuracy.  The  following  table  is  copied  from  the 
Report : — 

GENERAL  MEANS. 
Nature  of  Gun.  Mean  Range. 

Yards. 

Scott, 2685 

Lancaster, 2762 

French, 2704 

At  the  commencement  of  the  Report,  the  Committee,  with  a  sort  of 
half-apologetical  consciousness  (paragraph  2),  states  : — u  Mr.  Lancas- 
ter's shot  are  slightly  shorter  than  the  others,  because  the  Committee 
had  determined  that  the  term  7-inch  gun,"  &c.  Well,  the  first  conse- 
quence of  their  determination  was,  that  to  get  a  projectile  of  equal 
weight  with  his  rivals,  viz.,  110  lbs.,  Lancaster  had  to  be  satisfied  with 
a  shot  shorter  than  theirs  in  the  ratio  of  38  48  :  41 -78,  where  the 
greater  length  of  bearing  of  his  rivals  was  only  92  inches.  But  this  was 
not  enough ;  for  some  reason  (the  exact  nature  of  which  the  Committee 
fail  to  explain  in  a  manner  intelligible  to  us),  after  a  first  supply  of 
110  lbs.  projectiles  had  been  fired,  the  Committee  reduced  the  weight  of 
projectile  to  be  fired  by  all  the  guns  from  110  to  100  lbs.,  the  further 
effect  of  which  upon  the  Lancaster  shot  was  (in  consequence  of  the 
great  area  of  calibre  forced  upon  him)  to  reduce  the  length  of  bis  pre- 
viously shorter,  and  already  too  short  shot,  from  8  to  7  inches ;  so  that 
now  Lancaster  had  to  fire  shot  of  a  less  length  than  his  major  calibre 
axis,  against  those  of  his  antagonists,  which  were,  in  some  instances,  in 
length  of  bearing  nearly  one  calibre  and  a  half. 

Now  as  it  is  beyond  dispute  that,  other  things  the  same,  the  steadi- 
ness of  a  rifle  projectile  in  flight  is  greater  as  its  transverse  section 
exposed  to  aerial  resistance  is  less,  and  as  its  length  within  certain 
limits  is  greater,  it  is  plain  at  what  a  disadvantage  Lancaster  was  now 
placed  by  this  second  decision,  so  directly  unfavourable  to  him  in 
particular. 

But  it  is  equally  beyond  dispute,  that  with  equal  weights  of  projectile 
and  equal  initial  velocities  and  gun  elevations,  the  ranges  will  be  greater 
as  the  transverse  section  of  aerial  resistance  is  less;  so  that  here  again 
Lancaster  was  disadvantaged. 

And  yet,  notwithstanding  all  this,  we  see  in  the  above  table  that  in 
range,  with  nearly  10  per  cent,  dead  weight  against  him,  he  beat  the 
field.  In  accuracy  he  appears  a  little  below  his  opponents — so  little 
that  it  is  fairly  matter  of  inference,  that  had  he  been  on  the  same  fair 
level  with  them  in  conditions,  he  would  have  beaten  them  also  in  this. 


Mean  Deviation 

Mean  Reduced 

from  Mean  R.inge. 

Deflection. 

Yards. 

46-6 

6  7 

383 

7-4 

272 

36 

Section  1G. — The  cost  of  rifling  the  Committee  admits  to  be  the 
same  for  all  the  guns. 

Section  17.  (Cost  of  projectiles). — The  Lancaster  shot  stands  as  the 
cheapest,  per  10U0,  of  all  but  Scott's  first  system,  viz.,  a  system  which 
it  was  found  would  not  answer ;  cheaper  in  the  ratio  of  £450  to  £570 
than  that  of  1000  projectiles  for  the  French  gun,  which  has  wou  the 
favour  of  the  Committee  as  "  the  Woolwich  Gun,"  but  not  fairly  wou 
the  race,  in  our  judgment. 

Then  Section  18  (The  value  as  shell  guns). — The  dictum  of  the 
Committee  is  not  a  little  startling.  Although  as  yet  no  shells  had  been 
fired — nothing  but  solid  elongated  shot — they  say — "  There  seems  no 
reason  for  doubting  that  these  guns  will  have  the  same  relative  value 
as  shell  guns,  as  they  have  when  used  with  solid  projectiles.  The 
shells  may  be  of  equal  length  and  weight,  and  carry  equal  bursting 
charges." 

Did  not  the  Committee  know  that  as  they  had  compelled  Lancaster  to 
make  his  gun  of  larger  calibre  area  than  any  of  the  others,  shells  for 
his  gun  for  equal  weight  must  be  shorter,  or  if  made  of  the  same  weight 
must  be  thinner,  and  therefore  weaker  than  the  others  ?  Did  they  not 
equally  know  that  in  consequence  of  the  larger  calibre  area,  with  equal 
weight  and  length,  they  must  contain  a  larger  bursting  charge,  and  in 
this  respect  be  better  than  those  of  the  other  guns?  But  more  of 
this  anon. 

Then  comes  Section  19,  as  to  capability  of  firing  round  shot,  to 
which,  as  in  duty  bound,  after  their  extraordinary  preliminary  condition, 
"  the  Committee  declare  that  they  attach  some  importance. 

The  results  given  are  just  what  might  have  been  foreseen.  Lancas- 
ter's gun  has,  in  respect  to  a  round  shot,  a  good  deal  more  windage 
than  the  others,  and  yet  the  range  shows  well  as  against  those  produced 
by  the  Scott  or  the  French  guns.  The  Report  winds  up  with  the  following 
sentences; — "The  guns  being  essentially  shot  guns,  the  present  trial 
has  been  restricted  to  solid  projectiles ;  nor  do  the  Committee  think  it 
probable  that  any  disparity  will  appear  in  their  performance  teith 
longer  projectiles  (that  is,  longer,  but  having  the  same  relative  lengths 
inter  se~),  which  can  alter  the  order  in  which  they  now  stand,  but  at 
the  same  time  they  think  it  quite  necessary  to  fire  some  common  shells; 
and  as  the  differences  as  yet  elicited  between  the  three  systems  left  in 
competition  are  not  such  as  to  disqualify  absolutely  any  one  of  them, 
they  wish  to  reserve  their  final  report  until  these  shells  have  been  fired 
and  the  shunt  gun  tried." 

One  result  of  this  in  many  ways  doubtfully  worded  and  curiously 
inconsecutive  conclusion  was,  that  sixty  shells  were  prepared  for  each 
of  the  three  competitive  guns.  "The  weight  of  the  shell,  and  the 
minimum  thickness  of  metal,  were  fixed  by  the  Committee,  but  full 
latitude  upon  other  points  w7as  left  to  those  gentlemen,"  i.e.,  to  the 
competitors.  The  mean  weight  of  the  shell  filled  and  plugged  was 
to  be  100  lbs.,  and  the  upshot  of  the  "  full  latitude "  allowed  to 
Lancaster,  after  the  original  large  bore  forced  upon  him,  resulted  in 
this,  that  the  lengths  of  the  shells  were  respectively — 

Inches. 

French, 1517 

Scott, 15-12 

Lancaster, 13 '52 

And  yet  the  capacity  for  bursting  charge  was  in  the  proportion — 

Lbs.  Oz. 

French, 5     9 

Scott, 5     7 

Lancaster, 5     0 

In  a  word,  with  so  much  larger  a  base  exposed  to  the  shock  of  the 
explosion  in  the  gun,  Lancaster  was  obliged  to  thicken  parts  of  his 
shell  so  as  to  lose  capacity. 

As  regards  the  practice,  it  is  not  worth  while  to  go  into  it,  present- 
ing as  it  does  nearly  a  repetition  of  the  results  had  with  solid  shot, 
and  showing  the  Lancaster  practically  as  good  as  its  rivals,  though 
with  sufficient  numerical  difference  in  mean  ranges  aud  mean  reduced 
deflection  to  warrant  the  Committee  in  affirming  that  the  accuracy 
was  less. 

They  finally  come  to  this  conclusion,  Section  5  : — "  The  Committee 
had  then  witnessed  the  firing  of  upwards  of  400  rounds  from  these 
guns  {i.e.,  all),  and  they  were  unanimously  of  opinion  that  the  LancasU  r 
system  should  be  rejected  on  account  of  the  tendency  to  crush  in 
the  bore,  evinced  by  the  condition  of  the  recovered  shells,  its  inferior 
accuracy,  and  the  difficulty  of  loading  ;  and  that  of  the  two  remaining 
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systems,  they  considered  the  so-called  French  system  to  be  the 
better." 

It  had  previously  heen  stated  in  the  supplementary  Report,  that, 
"as  before,  much  difficulty  was  observed  in  loading  the  Lancaster 
gun."  In  the  first  Report  it  had  been  only  stated  that  "  Mr.  Lan- 
caster's shot  were  all  got  home  with  more  or  less  difficulty,  and  in 
some  cases  a  metal  rammer  had  to  be  used." 

"  The  Lancaster  shells,"  it  13  added  (sec.  4),  "with  only  one  exception, 
were  found  on  recovery  to  be  split  at  the  head,  showing  apparently 
(as  has  always  been  suspected),  that  in  that  system  the  projectile  has  a 
great  tendency  to  jam  in  the  bore,  bringing  severe  pressure  both  on  the 
gun  and  on  the  projectile." 

It  is  subjoined  under  a  foot-note. —  "  P.S.  Mr.  Lancaster  has  since 
produced  eight  shells  of  a  different  pattern,  which  were  fired  on  the 
22nd  June  (1865),  with  charges  of  20  lbs.  (the  largest  employed  in  the 
competition),  and  with  7  lbs.  6  oz.  bursting  charge  in  each  ;  six  of  them 
weighed  115  lbs.  filled,  two  of  them  109  lbs.;  none  of  these  burst 
prematurely." 

Now,  let  us  ask  of  any  competent  authority,  Do  the  facts  as  given 
by  the  Committee  themselves  bear  out  and  justify  their  conclusion? 
For  ourselves,  we  say  unhesitatingly  they  do  not. 

The  shells  fired  were  all  of  equal  weight.  The  projecting  charges  were 
the  same.  Notwithstanding  the  seriously  greater  relative  aerial  resist- 
ance, due  to  its  larger  sectional  area,  of  the  Lancaster  projectile,  the 
effect  of  which  must  have  been  greater  with  the  hollow  projectile  than 
with  solid  shot,  the  mean  ranges  made  by  him  are  within  fifty  yards 
or  so  of  those  of  his  competitors.  His  initial  velocities  must  therefore 
have  been  almost  precisely  the  same  as  those  of  the  others,  against 
which  no  charge  of  jamming  in  the  bore  is  suggested. 

But  as  there  is  only  a  given  amount  of  work  locked  up  in  20  lbs.  of 
powder,  and  the  whole  of  this  is  transferred  to  the  shot  and  gun,  if  a 
jamming  in  the  bore  bringing  a  severe  pressure  to  bear  both  on  the  gun 
and  on  the  projectile  had  occurred,  the  ranges  could  not  have  remained 
the  same ;  for  all  the  work  expended  on  driving  out  the  jammed  shot 
must  be  so  much  deducted  from  the  work-producing  range,  and  the 
latter  must  have  fallen  short,  and  proved  equal  only  to  that  of  the  residual 
work  of  the  charge  which  had  not  been  so  wasted  on  shot  and  gun  in 
overcoming  resistance  in  the  bore.  This  we  hold  to  be  nncontradict- 
able  evidence,  given  by  the  Committee's  own  facts,  of  the  unfounded 
nature  of  the  Committee's  own  conclusion. 

But  further,  the  shells  on  recovery  were  found  split  at  the  head,  that 
is  to  say,  at  the  forward  hemispherical  end,  where  the  surfaces  of  the 
shell  do  not  touch  the  bore  of  the  gun  at  all,  and  at  the  end  remote 
from  the  blow  of  the  exploded  powder.  What  is  the  conclusion  that 
the  facts  should  have  warranted  ?  This  simply  and  only,  that  the 
Lancaster  shells  were  too  weal:  in  proportion  to  their  large  calibre  ;  and 
this  is  sustained  by  the  postscript,  where  it  is  admitted  that  eight  heavier 
shells  subsequently  fired  all  stood  well. 

Perhaps,  also,  it  is  a  fact,  that  the  machine  employed  at  Woolwich 
for  turning  the  spiral  oval  on  the  external  contour  of  the  Lancaster 
projectiles  did  not  do  its  work  unerringly,  and  that  the  allegation  is  well 
founded,  that  between  the  first  trials  with  solid  shot,  and  the  second  with 
shell,  some  alterations  or  repairs  were  done  to  this  machine,  by  which 
its  inaccuracy  was  produced  or  increased.  If  this  be  so,  it  would  alone 
account  for  the  alleged  difficulty  of  loading. 

We  have  reason  to  believe,  however,  that  Mr.  Lancaster,  who  was 
himself  present  at  the  trials,  formally  and  officially  denies  that  any  such 
difficulty  of  loading  was  experienced. 

But  whether  it  were,  or  not,  matters  nothing.  Ease  or  difficulty 
of  loading  simply  means  goodness  or  badness  of  fit,  more  or  less  windage 
between  shot  and  gun  ;  it  may  occur  with  any  gun,  and  actually  has 
occurred  repeatedly  with  Whitworth,  with  Armstrong,  with  shunt,  with 
the  favourite  Woolwich  gun  itself,  and  with  common  smooth  bores;  it 
argues  simply  nothing,  except  a  misfit,  and  that  is  a  matter  to  be 
remedied,  not  reported  on  as  an  inherent  ground  of  complaint.  Again, 
if  there  were  this — "  as  has  always  been  suspected  "  by  those  who  have 
always  been  suspicious  of  the  Lancaster  gun — occult  tendency  to  jam  in 
the  bore,  and  so  to  visit  a  severe  pressure  upon  the  gun,  &c,  how  was 
it  that  the  cast-iron  Lancaster  already  referred  to  stood  uninjured  its 
2000  rounds,  and  lived  to  see  all  its  cast-iron  competitors  blown  to 
Tophet  ?  If  there  be  any  inherent  tendency  to  jam,  it  must  have 
shown  itself  then  as  afterwards,  and  most  evidently  and  easily  with  the 
weak  cast-iron  gun. 


Thus,  in  conclusion,  of  the  triple-tongued  condemnation  of  the  Com- 
mittee, of  the  Lancaster  system,  not  one  of  the  three  pleas  appears 
to  us  proven. 

There  is  no  proof  (even  offered)  that  the  recovered  shells,  split  at  the 
head,  were  split  in  the  bore  of  the  gun  at  all,  while  the  splitting  at 
the  head  suggests  their  having  been  split  on  striking  the  butt  or 
ground. 

But  if  they  were  indeed  split  in  the  bore  of  the  gun,  then  the  tables 
of  initial  velocities  and  ranges  disprove  iucontrovertibly  the  assumption 
that  the  splitting  was  due  to  jamming. 

It  must  then  have  arisen  from  weakness  in  the  shell,  from  its  walls  being 
too  thin  in  relation  to  calibre  and  weight ;  and  this  is  supported  not  only 
by  a  consideration  of  all  the  facts  to  which  we  have  referred,  and  by 
some  others  which  might  be  deduced  from  the  tables  in  the  Reports, 
but  by  the  admitted  fact  that  Lancaster  made  and  fired  subsequently 
shells  only  from  9  to  15  per  cent,  heavier  than  the  weight  prescribed  by 
the  Committee,  which  stood  perfectly  well.  Is  it  to  be  supposed  for 
a  moment  that  if  jamming  in  the  bore  really  took  place,  15  lbs.  of 
additional  cast  iron  added  to  the  100  lbs.  shell  would  enable  it  to 
resist  such  a  prodigious  and  immeasurable  strain  and  crunch?  And  if 
jamming  had  really  taken  place,  how  is  it  that  no  trace  of  its  formidably 
abrasive  effects  were  observable  on  any  of  the  shells  lired? 

Lastly,  as  to  the  matter  of  accuracy,  had  Lancaster  been  put  on 
the  same  footing  with  his  competitors,  we  believe  he  would  not  have 
been  very  nearly  equal  to  the  best  of  them,  as  he  now  stands,  but  very 
much  better  than  any  of  them.  The  accuracy  which  his  system  has 
shown  in  small  arms,  must  not  only  be  true  in  great  guns,  but  be  as 
much  greater  as  the  projectile  in  them  is  larger. 

We  regard  this  Ordnance  Select  Committee's  Report  as  a  national 
mischance,  not  to  use  the  too  comprehensive  word  misfortune.  The 
utterances  of  such  bodies,  once  made,  are  hard  to  be  unsaid,  and,  how- 
ever ill  based,  are  harder  to  be  gainsaid,  for  official  pride  comes  in  to 
prop  up  the  tottering  work  of  untempered  mortar  it  has  erected  before 
the  world. 

On  other  than  public  grounds  we  neither  know  nor  care  ought  of 
Lancaster  or  of  his  system,  nor  have  we  interest  to  serve,  or  passion  to 
gratify,  in  once  more  expressing  our  own  unaltered  confidence  in  it,  and 
our  own  belief  that  like  everything  having  a  real  basis  in  natural  law 
and  truth,  it  will  ultimately  make  good  its  ground,  as  the  simplest,  and 
on  the  whole  the  best  system  yet  proposed  for  heavy  rifled  artillery. 

But  so  far  it  has  been  unhappy  in  its  history ;  hastily  taken  up  when 
all  in  government  employ  were  very  ignorant  on  the  subject  of  artillery, 
when  tools  did  not  exist  or  were  inadequate,  and  when  wrought-iron 
ringed  guns,  i.e.,  guns  of  adequate  strength,  were  yet  of  the  future ,  it 
was  as  hastily  thrown  aside,  why  and  wherefore,  and  in  the  interests  of 
whom,  we  need  not  here  recur  to.  The  experiments  since  made  in 
partial  reference  to  it — after  millions  had  been  wasted  on  the  plans  that 
were  supposed  to  have  for  ever  superseded  it  and  all  others,  but  which 
now  in  their  turn  have  been  themselves  in  great  part  weighed  in  the 
balance  and  found  wanting — have  been  insufficient  and  incomplete,  and 
notwithstanding  the  terms  of  this  last  condemnatory  Report,  present 
material  to  every  impartial  and  competent  judge,  in  the  highest  degree 
encouraging  in  relation  to  the  Lancaster  system.  But  they  are  utterly 
insufficient  to  decide  its  merits  or  demerits.  Always  the  Lancaster 
gun  as  it  exists  has  been  assumed  perfect,  and  pitted  against  opponents 
nearly  in  the  shape  first  designed  for  it  by  its  inventor,  without  any 
attempt  having  been  made  steadily  and  cautiously  first  to  ascertain  its 
best  proportions,  the  most  advantageous  conditions  as  regards  gun  and 
projectiles,  in  a  word,  without  any  previous  experimental  progress 
towards  developing  the  system  itself,  which,  before  proceeding  to 
compere  it  with  any  other  or  rival  system,  should  have  first  been 
effected. 

We  hope,  after  all,  the  subject  will  be  taken  up  once  more,  and 
in  a  new  and  more  philosophical  and  broad  spirit  of  inquiry. 
Let  the  same  amount  of  mechanical  skill,  the  same  perfection  of 
machine  tools,  be  applied  to  it,  that  have  brought  to  such  precision 
and  success  the  Armstrong  guns.  Let  the  best  proportion  of  oval  for 
the  bore,  and  of  its  spiral  for  given  natures  and  weights  of  pro- 
jectiles, be  determined  separately.  Let  it  be  not  "  always  suspected  " 
but  accurately  ascertained  if  there  he  any  inherent  tendency  to  jam  in 
the  bore ;  if  such  be  found  to  be  the  case,  let  it  be  ascertained  either  how 
to  rectify  it,  or  that  it  is  of  a  nature  impossible  to  rectify,  and  if  so,  let 
the  limit  of  the  amount  of  its  resistance  to  the  expulsion  of  the  shot  be 
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found.  We  shall  then,  and  not  till  then,  know  whether  the  ol  jcctions 
on  this  score  have  any  and  what  weight,  or  be  -wholly  groundless. 

Let  these  and  other  such  questions  be  first  asked  and  answered 
experimentally  and  exhaustively,  and  then  will  come  the  time  fur 
pitting  a  perfected  Lancaster  gun  against  all  comers — not  before. 

The  expectation  that  in  the  end  we  may  secure  the  cheapest,  the 
most  enduring,  and  the  most  efficient  heavy  rifled  artillery  in  the  world, 
sufficiently  warrants  the  commendation  still  of  such  a  programme.  For 
heavier  and  still  heavier  artillery  looms  in  the  future,  as  the  destiny 
before  ns  which  we  must  accept:  and  while  little  field  guns,  or  up  to  40 
or  50  pounders,  may  be  made  to  answer  on  Armstrong  or  Wliitwortli, 
or  almost  on  any  system  or  no  system,  none  present  the  advantages 
and  facilities  in  construction  and  use,  for  the  very  heaviest  classes  of 
ordnance — for  600  or  1000  pounders — that  the  Lancaster  system  does, 
and  wilb  this  remarkable  condition  superadded — that  its  alleged  defects, 
whatever  their  reality  may  be  worth,  are  of  such  a  nature,  that  they 
must  tend  to  disappear  as  the  size  of  the  gun  becomes  magnified, 
while  the  admitted  evils  of  its  various  grooved  rivals  become  more  and 
moi'e  unmanageable  as  the  gun  is  enlarged. — Ed. 

DE  PINDRAY'S  SMOKE-CONSUMING  FURNACE. 

T.  Construction  of  the  Furnace. — This  furnace  has  been  invented  by 
M.  Alfred  de  Pindray,  civil  engineer,  of  Novion-Pareien  (Ardennes), 
now  engaged  in  a  special  mission  to  the  Chalons  camp.  It  is  con- 
structed of  refractory  bricks.  For 
compound  boilers,  the  sides  of  the 
fireplace  are  carried  up  vertically 
(as  shown  in  the  transverse  sec- 
tion, fig.  1),  starting  from  the 
bottom  of  the  ashpit,  in  a  line  with 
the  centre  of  each  of  the  under 
boilers,  to  within  four  inches  of 
the  bottom  of  each.  From  this 
point  the  brickwork  curves  round 
the  boilers  as  far  as  the  point 
where  they  are  blocked,  and  leav- 
ing an  average  space  of  2j  inches 
all  around.  For  boilers  consisting 
of  a  single  cylinder,  the  sides  of 
the  fireplace  are  continued  up  in 
lines,  which,  if  produced,  would 
fall  3J  inches  within  each  side  of 
the  boiler ;  the  same  space  is  left 
round  the  boiler  as  in  the  pre- 
ceding case. 

Tubular  boilers  alone  will  differ 
from  the  others  in  arranging  the  positions  of  the  sides  of  the  fireplace, 
which  must  be  in  conformity  with  the  disposition  of  the  tubes. 

The  front  of  the  bridge  is  vertical,  and  reaches  to  within  four  inches 
of  the  boilers  (as  seen  in  longitudinal  section),  fig.  2.  so  that  their  sup- 
ports are  only  of  that  height.     This  distance  is  necessary  to  be  preserved, 

in  order  to  utilize  the  radiation 
and  to  avoid  undue  variations 
of  heat,  which  are  often  pro- 
duced when  the  fuel  is  too  near 
a  metallic  surface.  The  ashpit 
is  rounded  at  the  back  into  a 
quadrant,  terminating  at  about 
four-fifths  the  length  of  the 
ashpit.  This  form  is  useful  to 
avoid  eddies  in  the  current  of 
air,  which  produce  evil  effects 
to  the  draught  of  chimneys.  In 
vertical  ashpits  the  draught  is 
weakened  by  50  per  cent. 
M.  de  Pindray  states  that  he 
reduces  his  furnaces  in  width,  because,  1st,  he  has  only  need  of  38J 
square  inches  of  area  of  fire  grate  per  horse  power;  2nd,  he  utilizes  the 
radiation  by  approaching  the  sides  of  the  flues  to  the  boilers  ;  3rd,  he 
adds  in  length  what  he  reduces  in  breadth;  4th,  in  increasing  the  length 
he  utilizes  all  the  heat,  by  allowing  time  for  the  gases  in  front  of  the 
furnace  to  dilate  and  become  heated,  so  as  to  be  inflamed  when  they 
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arrive  at  the  end  of  the  furnace,  where  they  become  in   the  highest 
degree  incandescent,  and  impinge  vertically  against  the  boilers. 

II.  The  grate  bars  and  their  form. — The  grate  bars,  fig.  3,  are  inclined 
towards  the  back  of  the  furnace  as  follows  : — 

1st,  For  bars  of  15j  inches  long,  4J  inches  inclination  ;  2nd,  for 
bars  fiom  17}  inches  to  2  feet  11^  inches,  an  inclination  of  C  inches; 
3rd,  bars  from  2  feet  11J  inches  to  8  feet  6  inches,  a  fall  of  8  feet  4 
inches ;  4th,  for  lengths  from  8  feet  6  inches  and  upwards,  an  inclina- 
tion of  10  inches.  The  bars,  whatever  be  their  length,  extend  through- 
out in  one  piece ;  their  depths  at  the  middle 
are: — for  lengths  between  15J  inches  and  1  foot 
7}  inches,  depth  8J  inches;  from  21 J  inches 
to  3  feet  3J  inches,  depth  11 J  inches ;  for  4  feet 
11  inches  and  upwards,  depths  13J  inches. 

The  width  of  the  bars  depends  upon  the 
required  rapidity  of  combustion,  and  upon  the 
draught,  and  varies  from  -^--J  inch  to  §  inch ;  the  spaces  between  the 
bars  will  depend  on  the  nature  of  the  combustible  employed,  and  above 
all  upon  its  quality. 

III.  Directions  for  maintaining  the  Fire.  —  1st,  Whenever  it  is 
necessary  to  look  at  the  fire,  before  the  door  is  opened,  the  damper 
must  be  closed  to  within  -§■  inch  of  being  shut;  2ud,  before  putting  on 
fresh  fuel,  care  must  be  taken  to  equalize  the  quantity  on  the  bars,  so 
as  to  have  them  covered  with  a  uniform  layer  of  incandescent  fuel,  no 
matter  how  thin,  otherwise  the  fire  would  go  out ;  3rd,  as  soon  as  the  fire 
is  replenished,  the  doors  must  be  shut,  and  five  minutes  afterwards 
the  damper  opened  to  one-half  its  extent;  after  five  minutes  more  have 
elapsed,  the  damper  may  be  fully  opened. 

This  furnace  has  been  in  full  operation  for  several  months  past  in  the 
most  important  establishments  at  Sedan,  and  other  manufacturing  dis- 
tricts ;  and  MM.  Che'mery,  de  Labrosse  Freres,  E.  de  Montagnac  et 
Fils,  Berteche,  Baudoux,  Chenou  et  Cie.,  Collette  Aine,  Leon  Villette, 
J.  B.  Villain  Freres,  &c.  ;  the  principal  manufacturers  of  Sedan,  have 
adopted  the  furnace,  and  certified  that  not  only  has  a  saving  of  20  per 
cent,  been  realized  in  the  expenditure  of  fuel,  but  that  the  working  of 
the  machines  was  accelerated. 


SAFETY   MINERAL   OIL   LAMPS.* 

The  immense  supplies  of  natural  mineral  oils  now  obtained  in  Pennsyl- 
vania and  elsewhere,  render  it  important  to  turn  to  the  best  account 
the  rich  and  abundant  gift  with  which  kind  mother  earth  has  so  recently 
presented  us.  Mons.  G.  Coquard,  of  Paris,  having  been  for  some  time 
engaged  in  the  purification  of  these  oils,  more  especially  that  known  as 
petroleum,  has  also  directed  his  attention  to  the  advantages  and  incon- 
veniences attendant  upon  their  use  for  illuminating  purposes.  These 
are  dependent,  on  the  one  hand,  upon  the  quality  of  the  oil  itself,  and, 
on  the  other  hand,  upon  the  construction  of  the  lamps  employed  in 
burning  it. 

When  petroleum  intended  for  illuminating  purposes  has  been  thor- 
oughly purified  and  prepared,  by  removing  therefrom,  both  physically 
and  chemically,  the  tarry  matter,  as  well  as  the  various  essences  which 
it  contains  when  in  the  raw  state,  up  to  a  temperature  of  334°  Fahr.  it 
may  be  burnt  without  much  inconvenience  in  the  improved  lamps  now 
in  use,  and  recently  imported  from  America.  But  it  is  quite  another 
thing  when  burnt  in  a  cheap  and  badly  constructed  lamp,  of  which, 
unfortunately,  there  is  a  vast  number  on  sale.  It  then  emits  an 
unpleasant  smell  as  well  as  smoke,  and  renders  the  apartment  unhealthy; 
whilst,  at  the  same  time,  considerable  danger  is  incurred  from  the  burning 
of  the  vapour  in  the  gallery  of  the  lamp,  which  is  readily  communicated 
to  the  oil  reservoir,  and  not  unfrequently  produces  explosions,  all  arising 
from  the  want  of  a  sufficient  draught  to  draw  off  the  hot  gases  through 
the  chimnej'  of  the  lamp.  When,  on  the  contrary,  the  oils  are  badly- 
refined,  and  the  whole  or  a  portion  of  the  essences  are  left  in  them, 
all  these  inconveniences  and  dangers  arise,  even  in  the  best  constructed 
lamps,  and  thus  expose  the  health,  life,  and  property  of  the  public  to 
terrible  and  incalculable  consequences. 

It  is  therefore  most  important  to  discover  the  means  for  obviating 
these  defects,  and  these  will  be  found  in  the  improvement  of  the  lamp 
and  the  oils,  and  in  the  precautions  to  be  taken  in  using  them.  The 
improved  lamp  which  M.  Coquard  has  devised,  is  represented  by  the 

*  Translated  for  the  Practical  Meclianic's  Journal,  from  Le  Genie  Inclustriel, 
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annexed  engravings.  Fig.  1  represents  a  vertical  section  of  the 
lamp,  taken  along  its  vertical  axis.  As  in  the  ordinary  lamp,  the  foot 
or  base,  B,  serves  as  a  seat  for  the  oil  reservoir  or  body  of  the  lamp,  A, 
which  is  filled  with  oil.  The  base  js  closed  by  a  cap,  v,  remov- 
able for  the  purpose  of  cleaning,  and  is  perforated  with  a  number  of 
apertures,  e,  to  admit  the  air  which  should  pass  through  the  tube,  T, 
serving  to  maintain  an  uniform  level  of  oil  in  the  reservoir,  A,  and 
tube,  E.  This  latter  is  a  safety  isolator,  fixed  to  the  burner,  and  con- 
stitutes an  important  improvement;  the  holes  at  d  establish  a  com- 
munication between  the  reservoir,  A,  and  the  tube ;  the  holder  or 
support,  H,  of  the  burner  screwed  to  the  body  of  the  lamp  is  per- 
forated, so  as  to  form  a  grating  for  straining  the  air  necessary  to  assist 
combustion  ;  this  support,  surmounted  by  the  smoke-burner  or  cap,  e, 
carries  also  the  gallery,  D,  which  receives  the  glass  chimney,  c.     The 
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wick-holder,  g,  is  surmounted  by  a  small  cone,  P,  the  object  of  which 
is  to  cause  the  air  to  converge  towards  the  flame.  The  isolating 
chamber,  I,  contains  the  axis  of  the  pinion  which  raises  and  lowers  the 
wick,  P,  and  which  is  actuated  by  the  small  button,  o  (fig.  3)  ;  the  slit,  a, 
of  the  cap,  E,  allows  the  flame  to  pass,  and  the  holes,  b,  prevent  the 
flickering  of  the  flame,  by  permitting  of  the  escape  of  the  excess  of  air 
requisite  for  combustion.  Fig.  2  represents  a  vertical  section  of  a 
modified  form  of  lamp,  and  fig.  3  is  a  vertical  section,  at  right  angles  to 
the  two  other  sections,  of  the  burner  only,  and  the  parts  in  immediate 
connection  therewith. 

To  avoid  repetition,  we  may  observe  that  the  same  letters  of  reference 
indicate  the  same  parts  as  those  already  referred  to  in  the  first  arrange- 
ment. In  this  lamp  the  following  new  parts  are  added  :  the  stopper,  x, 
for  closing  the  feed  aperture  to  the  oil  reservoir,  A ;  the  air  tubes,  s, 
which  are  intended  to  maintain  a  corresponding  level  of  the  oil  in  the 
reservoir,  A,  aud  in  the  case,  Q,  surrounding  the  wick  ;  the  tubes,  u, 
for  establishing  a  communication  for  the  liquid  between  the  reservoir, 
A,  and  the  wick,  p.  A  second  free  axle  is  placed  parallel  to  the  first, 
which  carries  a  second  pinion  for  raising  and  lowering  the  wick,  which 
prevents  all  friction  of  the  wick  against  the  side  of  the  wick-holder. 
The  air-cooling  tube,  E,  surrounding  the  case,  Q,  for  the  passage  of  air 
is  intended,  at  the  same  time,  to  prevent  the  heating  of  this  case,  the 
formation  of  explosive  vapours,  and  to  assist  combustion. 

These  various  improvements  offer  great  advantages  when  they  are 
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applied :  1st.  To  lamps  at  present  in  use  for  burning  non-explosive 
mineral  oils,  by  means  of  the  safety  tube,  K  (fig.  1 ),  perforated  at  the 
upper  part  with  a  series  of  small  air  holes,  d.  2nd.  To  lamps  at  present 
in  use  for  burning  mineral  oils  or  essences  of  an  explosive  nature,  by 
the  application  of  the  tube,  K,  but  substituting  the  air  tube,  T,  for  the  air 
holes,  d.  3rd.  To  lamps  for  burning  volatile  essences,  by  the  simple 
addition  of  the  tube,  R.  4th.  To  new  lamps  intended  for  burning  mine- 
ral oils  and  essences  either  highly  or  only  slightly  inflammable,  more 
or  less  volatile,  more  or  less  explosive,  &e.,  by  the  use  of  the  cooling 
tube,  E,  the  casing,  Q,  communicating  tubes,  s  and  u,  and  the  grating 
on  the  top  of  the  isolating  chamber,  I.  5th.  To  similar  lamps  for  the 
same  purpose,  by  the  use  of  the  tube,  T,  in  substitution  for  the  tubes,  s, 
which  are  then  closed.  And,  lastly,  to  lamps  for  burning  volatile 
essences  by  the  same  means  as  above,  with  the  exception,  however, 
that  the  tube,  T,  is  dispensed  with,  and  those,  s,  closed  up. 

It  therefore  follows,  by  the  use  of  the  improvements  above  men- 
tioned, that  in  every  kind  of  lamp  not  only  can   explosive  or  non- 
explosive  mineral   oils  be  burnt,  but  all   kinds   of  volatile  essences, 
many  of  which  have  hitherto  been  useless  for 
lighting    purposes,    may  be    consumed    without 
danger  or  inconvenience  of  any  kind. 

If  oil  is  intended  to  be  burnt,  either  the  holes, 
d,  or  the  small  tube,  t,  may  be  chosen,  one  or  the 
other  only  being  used.  If,  on  the  other  hand, 
essences  are  employed,  both  one  and  the  other 
are  dispensed  with,  as  they  are  of  no  use  with  a 
liquid  of  very  great  capillarity,  and,  if  retained, 
would  tend  to  diminish  the  safety  of  the  lamp 
without  improving  the  light.  Nevertheless,  strictly  speaking,  these 
essences  might  be  burnt  by  merely  dispensing  with  the  holes,  e,  and 
allowing  the  rest  to  remain,  but  it  is  always  better  in  this  case  to  use 
only  the  isolating  tube,  E. 

In  lamps  for  burning  mineral  oils  and  essences  of  a  highly  inflam- 
mable or  slightly  inflammable  nature,  volatile  or  non-volatile,  explosive 
or  non-explosive,  by  the  use  of  the  cooling  tube,  B,  case,  Q,  tubes,  s  and 
u,  and  grating,  H,  the  oil  is  supplied  through  the  aperture  at  x  (fig.  2), 
after  which  the  wick  is  lighted  as  in  ordinary  lamps.  The  chimney, 
becoming  highly  heated  on  the  lighting  of  the  lamp,  draws  in  a  supply 
of  air  to  support  combustion.  This  air  enters  by  the  apertures,  e, 
and  following  the  course  indicated  by  the  arrows,  enters  the  cooling 
tube,  R,  and  impinges  against  each  side  of  the  case,  Q,  and  wick-holder 
G.  This  air  as  it  passes  condenses  the  explosive  gas  or  vapour  which 
is  generated,  or  has  a  tendency  to  be  generated,  at  the  upper  part  of  the 
reservoir  and  in  the  wick-holder,  aud  thereby  lessens  the  danger  from 
explosion.  The  air  then  passes  to  the  burner  through  the  grating,  H, 
and  in  passing  under  the  cone,  F,  it  is  caused  to  converge  from 
each  side  on  to  the  end  of  the  wick,  where,  under  the  influence  of  the 
heat  of  the  cap,  E,  it  assists  in  vaporizing  the  liquid,  and,  finally,  in 
the  combustion  of  the  same,  on  passing  through  the  slit,  a,  where  the 
flame  is  produced. 

The  liquid  in  the  reservoir,  A,  communicates  with  the  case,  Q,  by  the 
tubes,  u,  and  is  maintained  therein  at  the  same  level  as  in  the  reservoir, 
by  the  intervention  of  the  air  tubes,  s,  thus  keeping  the  wick  constantly 
supplied  with  oil. 


CLOTH-SHEAKING  AND  BURLING  MACHINE. 

{Illustrated  by  Plate  11.) 

The  machine  which  forms  the  subject  of  our  plate  engraving  this 
month  is  the  invention  of  Messrs.  Damaye  &  Compagnie  of  Paris,  and 
has  been  recently  patented  in  this  country.  It  is  in  full  operation  in 
France,  for  the  shearing  and  "  burling"  or  "picking"  of  woven  fabrics, 
and  is  found  to  answer  the  purpose  in  every  respect.  As  a  shearing 
or  cloth-cropping  machine  it  is  undoubtedly  the  simplest  in  use,  and  as  a 
"burling"  machine  for  picking  out  or  removing  knots  and  similar  imper- 
fections from  woven  fabrics,  it  constitutes  an  entirely  novel  piece  of 
mechanism,  performing  in  a  most  perfect  and  expeditious  manner  an 
operation  which  has  heretofore  been  only  imperfectly  and  tediously 
performed  by  hand. 

Figs.  1  and  2  represent  a  side  and  front  elevation  respectively  of  the 
machine,  complete  in  operation,  either  as  a  shearer  or  "burler,"  and  the 
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rest  of  the  figures  are  enlarged  details  of  the  peculiar  knives  or  cutters, 
which  in  fact  constitute  the  essential  feature  of  novelty  in  the  invention. 

In  shearing  cloth  by  this  machine,  the  nap  is  removed  by  two  blades 
having  channelled  and  serrated  cutting  edges,  which  are  set  in  a  frame 
or  holder,  with  their  cutting  edges  opposite  to  each  other,  and  are 
caused  to  reciprocate  rapidly  in  the  direction  of  the  length  of  the  piece 
of  goods,  whilst  the  fabric  itself,  which  is  strained  over  the  surface  of 
the  reciprocating  cutters,  progresses  in  a  continuous  manner  through 
the  machine,  at  the  rate  of  about  ten  yards  per  minute. 

The  shearing  or  "burling"  tool,  A,  of  which  we  give  a  more  detailed 
description  below,  is  fixed  to  the  ends  of  two  uprights  or  sword  arms, 
B  B,  which  are  connected  by  the  tie  rod,  C,  and  vibrate  upon  the  rod, 
D,  below,  as  a  fixed  centre.  E  E  are  two  connecting  rods  coupled  to 
the  upper  ends  of  the  sword  arms,  as  in  an  ordinary  power-loom,  and 
receiving  a  reciprocating  motion  from  cranks,  F  F,  on  the  driving  shaft, 
G.  This  shaft  is  contained  in  hearings  at  one  end  of  the  standards 
of  the  machine,  and  may  either  be  driven  by  power  or  by  direct 
manual  labour,  by  the  aid  of  an  ordinary  winch  handle,  H.  The 
power  required  to  actuate  the  machine  is  very  slight,  and  uniformity 
of  motion  is  secured  by  a  large  flywheel,  I,  keyed  on  to  the  driving 
or  crank  shaft.  The  tool  employed  for  shearing  cloth  and  like 
fabrics  is  represented  in  detail  on  a  larger  scale  at  figs.  3,  4,  and  5, 
which  illustrate  respectively  a  side  elevation,  plan  and  transverse 
section  thereof.  It  consists  of  two  steel  blades,  a  a,  which  have  a 
series  of  parallel  V-shaped  grooves  or  flutings,  b  (shown  clearly 
in  the  details,  figs.  6  and  7),  made  on  the  underside  thereof,  the  size  of 
the  grooves  being  in  the  proportion  of  from  10  to  25  in  the  half-inch, 
according  to  the  fineness  of  the  fabric  to  be  operated  upon.  A  sharp 
and  triangular  set  of  teeth  or  serrations  is  formed  on  the  cutting  edges 
of  the  blades  by  bevelling  the  upper  face  or  edge,  so  as  to  cut  through 
the  V  grooves  at  an  acute  angle,  as  shown  in  the  details  of  a  completed 
blade  at  figs.  8  and  9,  such  bevel  forming  in  fact  the  serrations  or  tri- 
angular contour  of  the  teeth,  and  producing  a  sharp  cutting  edge  from  the 
apex  or  outer  point  along  both  sides  of  the  tooth ;  the  extreme  point  as 
well  as  the  extreme  inner  angle  of  the  tooth  being  also  thereby  reduced 
to  a  sharp  edge,  as  will  be  obvious  on  referring  to  figs.  8  and  9,  each 
tooth  being  in  fact  precisely  similar  to  an  engraver's  burin,  c  c  is  a 
wooden  holder,  having  a  long  slot  or  opening,  d,  made  therein,  extending 
the  full  length  of  the  cutting  edges  of  the  blades,  and  made  to  expand 
downwards,  so  as  to  afford  a  ready  exit  for  the  flock  removed  from  the 
fabrics  by  the  cutters.  The  Hades  are  screwed  down  upon  the  upper 
surface  of  the  wooden  holder,  the  teeth  of  one  blade  being  immediately 
opposite  to  those  of  the  corresponding  blade,  leaving  an  interval  ol 
from  -pg  to  J  of  an  inch  between  them,  according  to  the  nature  of  the 
fabric  to  be  cropped,  such  interval  forming  a  slot  or  opening  through 
which  the  waste  flock  or  cuttings  pass  off.  The  hlades  are  fixed  to 
their  holder  at  an  angle,  so  that  the  two  shall  form  a  convex  surface, 
as  shown  in  fig.  5;  and  the  fabric  to  be  operated  upon  is  strained  over 
this  surface,  so  as  to  be  in  close  contact  with  the  cutting  edges  of  the 
blades,  which  extend  across  the  goods  from  selvage  to  selvage.  This 
straining  of  the  fabric  is  effected  by  nipping  it  between  two  pairs  of 
pressing  rollers,  K  k',  (figs.  1  and  2);  the  lower  roller  of  the  pair,  k', 
being  rotated  by  means  of  an  endless  flat  linked  gearing  chain,  passing 
round  a  chain  wheel  fast  on  the  axis  of  the  lower  roller,  and  round  a 
chain  pinion  keyed  on  to  the  driving  shaft — or  a  band,  L,  may  he  used 
passing  over  a  V-grooved  pulley,  M,  on  the  axis  of  the  roller,  and  over 
a  smaller  pulley  on  the  driving  shaft.  The  rollers,  K,  rotate  solely  by 
reason  of  their  contact  with  the  cloth,  which  is  drawn  through  them, 
and  is  thereby  kept  well  strained  by  the  action  of  the  rollers,  K.  On 
starting  the  machine,  the  cutters  will  reciprocate  in  the  arc  of  a  circle 
against  the  face  of  the  fabric,  and  will  operate  alternately,  the  one  blade 
cutting  when  moving  in  one  direction,  and  the  other  when  making  the 
reverse  movement.  By  varying  the  speed  at  which  the  goods  pass 
through  the  machine,  or  by  increasing  or  diminishing  the  number  of 
vibrations  of  the  cutters,  more  or  less  of  the  nap  or  pile  may  be 
removed,  as  the  blades  may  be  made  to  reciprocate  any  desired  number 
of  times  over  any  one  portion  of  the  fabric.  In  shearing  those  fabrics 
which  require  the  nap  to  be  operated  upon  in  one  direction  only,  the 
blades  may  be  set  in  the  surface  of  a  hollow  cylinder,  which  receives  a 
continuous  rotation  in  lieu  of  reciprocating  to  and  fro  and  cutting  the 
nap  in  opposite  directions.  When  intended  for  shearing,  the  points  of 
the  teetli  and  the  spaces  between  them  should  be  disposed  exactly  oppo- 
site to  each  other,  where  two  reciprocating  blades  are  used,  as  shown 


by  the  diagram,  fig.  10;  but  when  required  for  "burling"  fabrics,  that 
is  to  say,  for  removing  the  knots  or  small  inequalities  from  the  surface 
of  merinoes  and  similar  fabrics,  then  the  points  of  the  teeth  of  one  blade 
should  be  opposite  to  the  spaces  between  the  teeth  of  the  corresponding 
blade,  as  shown  by  the  diagram,  fig.  11.  A  slight  modification,  more- 
over, in  the  form  of  the  tooth  itself  is  necessary  when  intended  for 
"burling,"  which  is  represented  in  figs.  11,  12,  and  13.  The  cutting 
edges  of  each  tooth  are  in  fact  shortened  or  reduced  by  filing  down  or 
blunting  the  extreme  inner  angle  or  gorge  between  each  two  teeth,  in 
lieu  of  leaving  the  edge  sharp  at  this  part,  as  in  the  former  case. 

By  simply  changing  the  tools,  which  may  be  readily  effected,  as  they 
are  made  removable  from  the  sword  arms,  the  same  machine  may  be 
used  either  as  a  clotb  shearer  or  cropper,  or  as  a  "  burler,"  as  circum- 
stances may  require.  We  have  inspected  samples  of  goods  operated 
upon  by  the  machine  above  described,  which  leave  nothing  to  be 
desired ;  whilst  the  simplicity  of  the  machine  itself,  which  is  altogether 
free  from  complex  or  delicate  mechanism  liable  to  get  out  of  order, 
ought  to  be  a  strong  feature  in  its  favour  with  manufacturers. 

The  "burling"  operation  may  be  performed  before  the  cloth  is  sent 
to  the  fulling  mill,  but  the  shearing  is  accomplished  after  the  opera- 
tions of  fulling  and  teazling.  The  comparatively  complicated  shearing 
or  cropping  machines  now  employed,  are  entirely  dispensed  with,  as  may 
be  also  the  "  gig  mill,"  if  a  brush  be  added  to  the  improved  machine, 
which  shall  so  operate  as  to  lay  the  nap  or  pile  in  one  direction  before 
it  comes  under  the  action  of  the  cutting  blades.  In  the  manufacture  of 
woollen  cloth,  the  female  labour  hitherto  required  for  removing  or  pick- 
ing out  the  knots  and  loose  ends  before  fulling,  is  entirely  dispensed  with. 
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ROCK-BORING    MACHINERY. 

J.  Henry  Johnson,  London  and  Glasgow. —  Communicated  by  Her- 
mann Haupt,  Washington,  U.S.A.— Patent  dated  April  6,  1865. 

Mr.  Haupt's  invention  relates  to  certain  peculiar  combinations  and 
arrangements  of  machinery  or  apparatus  to  be  worked  by  steam,  air, 
water,  or  other  elastic  or  inelastic  fluid,  for  drilling  or  boring  rocks  and 
other  hard  substances,  in  tunnelling,  mining,  and  other  like  operations. 

The  drilling  or  boring  of  rocks  or  other  hard  substances  for  tunnel- 
ling, mining,  and  other  purposes,  has  been  heretofore  attempted  by 
mechanical  means.  But  great  difficulties  have  been  encountered  in 
the  practical  application  of  machinery  devised  for  that  purpose,  and  this 
was  owing  to  the  changeable  character  of  the  work,  while  the  means 
to  perform  the  same  in  point  of  operation  were  permanent. 

Thus,  the  permanent  feed,  whether  effected  by  screw  or  otherwise, 
has  the  serious  disadvantage  of  progressing  the  drill  at  a  given  rate, 
irrespective  of  the  penetrability  of  the  rock  or  the  condition  of  the  tool, 
causing  gradual  shortening  of  the  stroke  of  the  piston,  and  finally  the 
stoppage  of  the  work. 

To  remedy  these  and  other  evils  which  have  interfered  with  the 
introduction  of  machinery  for  tunnelling  and  mining  operations,  it  is 
proposed  to  use  a  drill,  operated  by  steam  or  other  elastic  fluid,  whose 
principal  characteristic  features  are  as  follows : — 

The  drill,  proper,  is  composed  of  a  cylinder  containing  a  piston, 
whose  rod  projects  through  both  heads,  and  carries  internally  or 
externally  one  or  more  drill  bars.  With  the  cylinder  is  combined 
as  usual  a  valve  chamber  and  valves,  preferably  balanced  to  equilibrate 
pressure,  which  valves  are  operated  automatically  by  connection  with 
the  piston  rod  or  other  moving  part.  Around  each  drill  bar  or  rod 
'and  in  the  rear  of  the  cylinder  and  the  back  of  the  piston  rod  if  it  be 
hollow,  and  if  the  drill  bar  passes  through  the  piston  rod),  there  is 
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arranged  a  mechanism,  which  is  called  a  "gripper  box"  the  object  of 
which  is,  to  firmly  grasp  and  hold  the  bar  during  its  receding  movement, 
but  during  part  of  the  advance  of  the  piston,  and  when  at  or  about 
the  end  of  the  strobe,  to  release  the  same  thereby,  allowing  of  its  self- 
adjustment  in  accordance  with  the  penetrability  of  the  rock.  Rotatory 
movement  is  imparted  to  the  drill  rod  at  each  stroke  of  the  piston,  by 
means  of  a  stud,  operating  in  a  helical  or  oblique  slot  in  the  casing  of 
the  gripper  box  or  by  any  other  equivalent  arrangement. 

Fig.  1  of  the  accompanying  engravings  represents  a  side  view,  partly 
in  section,  of  a  drilling  apparatus  constructed  in  accordance  with  this 
invention,  and  showing  the  internal  construction  of  the  gripper  box  before 
referred  to.     Fig.  2  is  a  plan  of  the  same,  the  outer  casing  being  shown 

Fig.  1. 


Fig.  2. 


in  section  to  exhibit  the  mechanism  or  arrangement  for  rotating  the 
drill  bar.  Fig.  3  is  an  end  view  of  the  drill,  the  drill  bar  at  the  forward 
end  being  shown  in  section. 

In  these  engravings,  A,  is  the  steam  cylinder,  the  following  descrip- 
tion for  the  sake  of  brevity  being  confined  to  drills  operated  by  steam, 
it  being  understood  that  air  or  other  elastic  or  inelastic  thud  may,  with 
but  slight  modification,  be  adapted  for  the  purpose  of  operating  drilling 
tools.  This  cylinder  has  trunnions,  c,  on  the  sides  at  a  convenient 
distance  from  either  end,  so  as  to  properly  balance  the  whole  apparatus 
whereby  the  machine  is  hung  or  mounted  in  a  suitable  frame,  so  as  to 
admit  of  a  swinging  motion  in  a  plane  at  right  angles  to  the  axis  of 
suspension.  On  the  top  of  the  cylinder  there  is  cast  the  usual  valve 
chamber,  B,  and  orifices  or  pipe  connections,  n,  are  arranged  for  the 
admission  and  emission  of  steam.  The  cylinder  is  provided  with  a 
piston  mounted  upon  a  hollow  piston  rod,  E,  which  passes  through  both 
heads  of  the  cylinder,  and  the  piston  is  moved  to  and  fro  by  the  action 
of  steam,  whose  admission  to  and  exhaust  from  the  cylinder  is  regulated 
by  the  action  of  the  drill  itself  in  the  following  manner : — To  the  head 
of  the  cylinder  there  is  cast  a  lug,  g,  to  which  is  pivoted  a  bell  crank, 
H,  one  of  the  lever  ends  of  which  is  connected  with  a  valve  rod,  F, 
while  the  other  is  slotted.  In  this  slot,  which  is  timed  acccording  to 
the  work  to  be  performed,  works  a  pin,  I,  projecting  from  the  side  of 
the  hollow  piston  rod  or  tool-bolder,  so  that  the  reciprocating  movement 
of  the  latter  is  transmitted  to  the  valve,  whose  operation  is  thus  inti- 
mately connected  with  that  of  the  drill  itself. 

The  hollow  piston  rod,  E,  contains  the  drill  bar,  J,  or  both  the  drill 
bar  and  its  holder,  j'.  In  a  drill  constructed  according  to  this  plan,  it 
is  preferred  to  make  the  drill  in  two  parts,  viz..  the  tool  and  the  tool- 
holder,  which  latter  being  permanentlj'  used  in  and  combined  with  the 
gripper  box  is  necessarily  more  accurately  adjusted.  The  tool- 
holder  is  held  in  or  on  to  the  hollow  piston  rod,  E,  by  means  of  the 
gripper  box  consisting  of  the  following  parts :  a  cylinder,  K,  held  in 
position  by  means  of  the  collar  or  flange,  e',  in  the  head  of  the  hollow 
piston  rod,  E,  as  well  as  by  the  internal  flange,  a,  on  the  casing,  s. 
This  cylinder,  K,  is  provided  at  its  rear  end  with  three,  four,  or  more 
inclines,  N,  against  which  are  applied  wedges,  M,  confined  by  means  of 
a  collar,  L,  and  the  head  of  the  hollow  piston  rod,  E,  so  as  to  allow  a 
slight  play  or  sliding  movement  upon  such  inclined  planes.  At  the 
forward  end,  the  gripper  box  terminates  in  a  disc,  O,  at  the  back  of 
which  is  an  internal  recess  which  contains  a  volute  spring,  P,  whose 


office  it  is  to  give  the  parts  in  the  gripper  box  the  requisite  degree  of 
tension,  so  as  to  compress  the  wedges  against  the  tool-holder,  j',  and 
firmly  hold  it.  The  stiffness  of  the  spring  is  calculated  to  yield  to  the 
momentum  of  the  piston  rod  and  drill  bar  and  holder,  when  the  motion 
of  the  gripper  box  is  suddenly  checked  by  coming  in  contact  with 
the  stops,  x,  provided  for  that  purpose.  The  drill  bar,  it  will  be  under- 
stood, is  thus  caused  to  advance  in  the  gripper  box,  until  its  further 
progress  is  stopped  by  the  tool  coming  in  contact  with  a  resisting  sub- 
stance. The  rotation  of  the  tool,  which  is  an  important  element  in 
drilling  machinery,  is  effected  in  this  case  in  the  following  manner  : — 
The  recessed  portion  of  the  gripper  box  at  b,  is  provided  with  ratchet 
teeth,  Q  (fig.  2),  gearing  with  a  pawl,  k,  hinged  to  the  interior  of  a  ring,  c, 
from  which  ring  projects  a  stud,  T,  which,  woiking 
in  a  helical  or  other  properly  shaped  slot,  s',  in 
the  casing  of  the  gripper  box,  imparts  to  the  ring 
rotary  movement.  The  rotation  thus  produced 
on  the  ring  is  transmitted  by  means  of  the  pawl, 
E,  to  the  gripper  box,  which  in  its  turn  is  held 
steady,  or  prevented  from  turning  back,  by  means 
of  an  auxiliary  ratchet  cut  on  the  periphery  of 
the  disc,  o,  which  is  caused  to  gear  in  with  a  dog, 
\v,  of  a  length  not  less  than  the  stroke  of  the 
piston  rod,  and  which  is  caused  to  bear  against 
and  into  the  teeth,  o,  by  means  of  one  or  more 
springs,  w'.  To  withdraw  the  drill  bar  or  holder, 
the  head  of  the  piston  rod  is  of  conical  form,  and 
the  heads  of  the  wedges  in  the  gripper  box  are 
shaped  accordingly.  With  this  arrangement  is 
combined  the  "  follower,"  L,  whose  forward  end  is 
similarly  formed  into  a  cone,  while  the  taper  ends 
of  the  wedges  are  formed  correspondingly.  By 
this  arrangement  it  will  be  understood  that  if 
the  "follower"  be  pushed  up  or  screwed  in  against 
the  wedges,  the  latter  will,  following  the  inclined  planes  of  the  head  of 
the  piston  rod,  expand  and  diverge  so  as  to  release  their  grasp  on  the 
tool-holder.  It  will  then  be  easy  to  remove  the  drill  bar  for  rechange, 
or  other  purposes. 

At  the  rear  end  of  the  cylinder  there  is  a  wrought  iron  ring  or  anvil, 
g,  against  which  the  gripper  box  is  caused  to  strike  at  each  forward 
stroke  of  the  piston.  But  it  is  found  preferable  to  multiply  the  strokes 
of  the  tool  on  the  rock  under  full  head  ot  steam,  between  each  advance 
or  feed  of  the  drill.  I  have  therefore  arranged  the  anvil  ring,  g,  and 
the  hammer  disc,  O,  in  such  a  manner  as  to  come  in  contact  only  once 
or  twice  during  a  complete  rotation  of  the  drill.  Fur  this  purpose  both 
the  hammer  disc,  o,  and  the  anvil,  g,  are  pro- 
vided with  stops  or  projecting  studs,  x,  whereby 
the  two  are  kept  out  of  contact,  except  when 
the  studs  or  stops  on  the  one  come  opposite  the 
others,  at  which  times  only  the  feed  takes 
place ;  during  the  intermediate  strokes,  how- 
ever, the  drill  being  firmly  held  by  the  grippers, 
it  is  driven  against  the  rock  with  full  force  of 
steam. 

Having  thus  described  the  construction  and 
arrangement  of  the  parts  constituting  the  improved  drilling  or  rock- 
boring  apparatus,  I  shall  now  proceed  to  describe  the  operation  of  the 
whole. — 

Steam  being  admitted  to  the  cylinder  in  the  rear  of  the  piston,  the 
drill  is  moved  forward  against  the  face  of  the  rock,  and  occupies  the 
position  indicated  in  figs.  1  and  2.  At  the  moment  the  valve  has  been 
shifted  by  the  action  of  the  stud,  I,  on  the  bell  crank,  H,  steam  enters 
the  cylinder  in  front  of  the  piston.  As  the  latter  travels  back,  the  head 
of  the  hollow  piston  rod  strikes  the  heads  of  the  wedges,  M,  whereby 
they  are  caused  to  converge  and  firm]}'  grip  the  tool-holder,  and  thus 
carry  it  with  it  in  its  backward  movement.  The  drill,  when  thus  with- 
drawn, again  shifts  the  valve  to  admit  steam  in  the  rear  of  the  piston, 
which,  moving  forward,  passes  through  the  medium  of  the  stiff  spring, 
p,  against  the  gripper  box.  The  spring,  not  being  sensibly  compressed, 
maintains  the  proper  tension  of  the  parts,  so  that  the  wedges  do  not 
release  their  hold  on  the  tool-holder,  although  moving  forward.  In 
this  manner  a  blow  can  be  produced  with  the  full  force  of  the  steam 
on  the  piston,  which  operation  is  repeated,  successively  rotating  the 
drill  during  each  back  stroke  until  the  stops,  x,  before  referred  to,  come 


Fig.  3. 
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opposite  to  each  other.  At  this  moment  the  gripper  box  in  its  forward 
movement  is  suddenly  checked,  thereby  compressing  the  spring,  and 
loosening  the  wedges  which  release  the  tool-holder.  The  tool-holder 
thus  released  by  the  momentum  acquired,  slides  forward  within  the 
giipper  box,  until  it  reaches  the  face  of  the  rock.  The  drill  bar  is  in 
this  manner  fed  forward  twice  during  each  revolution. 

In  lieu  of  a  hollow  piston  rod,  as  previously  referred  to,  a  solid  piston 
rod  may  be  used  in  connection  with  outside  gripper  boxes.  To  mount 
such  drills  so  as  to  economize  space  and  to  allow  of  easy  and  ready 
adjustment,  is  the  object  of  the  second  part  of  this  invention.  For 
this  purpose  four  vertical  columns  or  wrought-iron  pipes,  A  (fig.  4), 
are  used,  mutually  braced  together  by  means  of  transverse  tubular  stays. 

This  system  of  tubular  stays 
connected  together  by  screw 
threads  or  otherwise,  so  as  to 
form  tight  joints,  constitutes  the 
main  framing,  which  is  provided 
at  convenient  points,  such  as 
a,  b,  c,  d,  e,  with  pipe  connec- 
tions with  which  India  rubber 
steam  hose  or  other  hose  or 
tubing  is  connected,  so  as  to 
allow  of  steam  or  other  fluid 
being  conveyed  through  the 
columns  and  tubular  stays  to 
and  from  the  drill-actuating 
cylinder. 

Upon  the  sides  and  two  ad- 
joining columns  are  mounted 
by  means  of  hooks  or  clamps 
tightened  by  screws,  s,  the 
supports,  G,  of  the  drill.  These 
supports  consist  of  iron  plates, 
slightly  curved  and  slotted  trans- 
versely. In  these  slots  are  fitted 
adjustable  bearings  for  the  trun- 
nions of  the  drills.  Washers,  w, 
or  other  like  devices,  may  be 
used  for  rendering  the  adjust- 
ment fixed  and  immovable.  The 
convexity  of  the  supports  per- 
mits of  the  drills  being  adjusted 
laterally,  i.e.,  horizontally,  at 
any  convenient  angle  to  the  face 
of  the  rock,  while  their  play 
upon  their  trunnions  enables 
their  being  adjusted  at  any  given  angle  to  the  face  of  the  rock,  vertically 
or  in  vertical  planes.  One  or  more  such  supports  may  be  used.  In  the 
latter  case  they  are  all  arranged  one  above  the  other,  four  being  gene- 
rally used  in  galleries  or  tunnels  of  ordinary  dimensions. 

This  hollow  columnar  frame  may  be  held  in  place  and  securely 
braced  by  means  of  wedges  or  other  well  known  means  ;  but  it  is  pre- 
ferred to  effect  this  by  a  system  of  set  screws,  inserted  in  the  ends  of 
each  main  column  on  the  top  and  bottom.  The  columns  are  closed  at 
these  parts  by  means  of  plugs,  P,  screwed  into  the  open  ends.  Through 
the  centre  of  each  plug  passes  a  pointed  screw,  M,  which  is  protected 
from  the  effects  of  steam  in  the  interior  of  the  column  by  means  of  a 
sleeve  or  thimble,  q,  screwed  into  the  plug,  but  surrounding  the  set 
screw.  The  set  screws  are  turned  by  means  of  rods  or  levers,  inserted 
in  the  eye  of  the  set  screw  near  the  point,  and  are  thus  elongated  or 
shortened  for  bracing  the  frame  against  the  roof  of  the  gallery  or  for 
removing  the  same. 

Heretofore  it  was  deemed  impracticable,  if  not  impossible,  to  use 
steam  power  in  subterranean  operations,  on  account  of  the  products  of 
combustion  of  the  fuel  used  in  keeping  up  steam  in  the  generator,  and 
the  exhaust  steam,  soon  vitiating  the  atmosphere,  so  as  to  render  it 
impossible  for  men  to  attend  to  the  work.  The  object  of  the  third  part 
of  this  invention,  therefore,  is  to  obviate  the  objections  attending  the  use 
of  steam  machinery;  and  this  it  is  proposed  to  accomplish  by  a  simple 
device,  consisting  in  the  use  of  a  pipe  extending  throughout  the  length 
of  the  gallery  or  tunnel,  through  which  pipe  air  is  drawn  or  forced  by 
means  of  a  fan  or  other  means. 

In  fig.  11,  which  represents  in  horizontal  section  a  gallery  or  tunnel, 
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having  a  double  track  for  the  drilling  or  mining  machinery  and  steam 
generator  to  advance  upon  with  the  progress  of  the  work,  A  represents 
a  vacuum  fan  driven  by  steam  or  other  power,  placed  outside  or  inside 
of  a  mine  or  tunnel  and  connected  with  a  pipe,  B,  through  which  the 
air  is  drawn. 

The  pipe,  wdiich  extends  up  to  the  face  of  the  work,  or  to  any  part 
of  the  gallery  wdiich  it  is  necessary  to  ventilate,  may  be  constructed  of 
wood  or  metal ;  if  of  wood  it  is  put  together  with  pieces  like  the  staves 
of  a  barrel,  the  joints  being  coated  with  pitch  or  other  cement  or  com- 
position to  prevent  leakage  of  air. 

The  boiler  or  steam  generator,  which,  instead  of  having  the  usual 
chimney,  communicates  with  the  vacuum  pipe,  into  which  all  the 
smoke,  exhaust  steam,  and  vitiated  air  are  drawn,  and  by  means  of 
which  they  are  carried  out  and  discharged  outside  the  mine  or  tunnel, 
at  the  same  time  creating  a  partial  vacuum,  which  causes  a  constant 
current  of  fresh  air  to  flow  into  the  working. 

In  the  pipe  which  connects  the  steam-generator  with  the  vacuum 
pipe,  dampers  may  be  placed  to  regulate  the  intensity  of  the  draught. 

For  the  ventilation  of  side  rooms  or  galleries,  branch  pipes  connected 
with  the  main  pipe  are  employed. 

The  pipe  need  not  be  placed  on  the  outside  of  the  gallery  or  tunnel, 
but  may  be  situate  at  any  point  intermediate  between  the  generator 
and  the  outer  end.  The  fan  would,  however,  then  be  double-acting, 
i.e.,  be  both  a  suction  and  a  forcing  fan ;  the  vitiated  air  being  drawn 
to  the  fan,  and  by  it  expelled  or  forced  out  at  the  end  outside  of  the 
gallery. 


IMPROVEMENTS  IN  DRY  GAS  METERS. 

James  Bathgate,  Edinburgh — Patent  dated  March  31,  1865. 

The  first  part  of  this  invention  chiefly  relates  to  a  new  method  of  con- 
struction and  arrangement  of  the  parts  of  dry  gas  meters,  the  cases  of 
which  are  made  by  preference  in  cast  iron,  whereby  great  facility  is 
afforded  for  their  being  taken  in  pieces,  cleaned  and  repaired,  and  a 
correct  action  of  the  apparatus  is  insured.  In  constructing  the  cases 
of  gas  meters  under  this  invention,  they  are  made  in  one  piece,  and 
without  a  central  division,  in  contradistinction  to  those  now  in  use, 
which  arrangement  enables  the  diaphragms,  when  necessary,  to  be  lifted 
out  with  little  trouble.  The  one  diaphragm  back,  made  of  iron,  is 
substituted  in  lieu  of,  and  answers  the  purpose  of  two,  at  the  same 
time  supplying  the  place  of,  and  fulfilling  the  purpose  of  a  central 
division.  This  back,  on  which  are  fixed  the  two  diaphragms,  is  fixed 
by  screws  to  holders  projecting  from  the  centre  of  the  case.  The  chief 
advantage  derived  from  this  arrangement,  is  that  the  two  diaphragms 
can  be  taken  out  together. 

The  second  part  of  this  invention  relates  to  a  peculiar  arrangement 
of  the  valves,  which  are  also  easily  taken  out,  each  valve  being  worked 
upon  a  separate  plate,  to  which  (plates)  are  also  connected  the  inlets  to 
the  diaphragms  and  exit  tubes.  By  removing  the  screws  by  wdiich  the 
port  plates  are  connected  to  the  valve-plate,  these  last-mentioned  parts 
are  removed.  In  the  valve-plate  are  two  holes,  viz.,  one  from  each  of 
the  exit  tubes,  over  which  is  placed  a  box  which  contains  the  measured 
gas  from  these  tubes.  This  box  is  attached  to  the  valve-plate  of 
the  meter  by  screws.  On  the  inside  of  this  box,  through  which  the 
measured  gas  passes,  are  two  vertical  tubes  of  sufficient  depth,  that  in 
the  event  of  condensation  taking  place,  they  prevent  the  condensed  gas 
from  getting  into  and  interfering  with  the  action  of  the  valves.  Another 
important  feature  of  dry  gas  meters  constructed  under  this  invention,  is 
the  use  of  a  double  flange  on  the  top  of  the  case,  by  means  of  which 
the  valve-plate  and  top  box  connected  to  it  are  attached  to  the  meter- 
case.  On  the  centre  of  the  valve-plate,  and  contained  within  the  top 
box,  there  is  fixed  by  screws,  studs,  or  otherwise,  a  small  plate  holding 
the  step  crank,  and  crank  support,  tangent  catch,  and  support  for  index 
spindle  ;  the  whole  of  the  latter  parts  may  be  removed  by  taking  out 
the  screws  by  which  the  plate  containing  them  is  fixed  to  the  valve- 
plate. 

Fig.  1  of  the  engravings  is  a  transverse  section,  at  the  centre  of 
fig.  2  of  the  improved  dry  gas  meter.  Fig.  2  is  a  plan  of  the  upper 
part  of  the  meter  with  the  cover  removed,  showing  the  arrangement 
and  position  of  the  gear  for  actuating  the  slide-valves  and  the  gas- 
measuring  boxes  ;  fig.  3  being  a  sectional  plan  through  the  meter 
case. 
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In  the  engravings  the  case  of  the  meter  is  marked  A,  anrl  projecting 
from  the  centre  of  its  side,  top,  and  bottom,  is  the  flange,  B,  to  which, 
by  means  of  the  screws,  c  c,  the  one  diaphragm  back,  D,  is  fastened ; 
this  diaphragm  back,  as  previously  mentioned,  is  substituted  in  lieu  of, 
and  answers  the  purpose  of  two,  as  ordinarily  used ;  it  at  the  same  time 
substitutes  a  central  division,  which  it  has  been  usual  to  employ  in  dry 
gas  meters  constructed  previously  to  this  invention.  The  two  dia- 
phragms, E  and  F,  more  particularly  seen  in  plan,  fig.  3,  are  attached  to 
this  one  diaphragm  back  in  the  usual  manner,  so  that  the  two  being 
fixed  together,  their  combination  with  the  diaphragm  back  forms  one 
separate  and  distinct  portion  of  the  apparatus — the  whole  of  which  is 
readily  removed  by  the  withdrawal  of  the  screws,  c  c. 

The  peculiar  valve  arrangement  embodied  under  this  invention,  is 
more  particularly  seen  at  fig.  2;  in  which  figure,  as  well  as  in  fig.  1,  the 


valves  themselves  are  marked  g1  and  g2 — g2  only  being  seen  at  fig.  1. 
The  plates,  I]1  and  H  2,  upon  which  the  valves,  G1  and  G",  respectively 
work,  are  attached  to  the  top  plate  of  the  meter  case  by  screws,  d, 
upon  withdrawing  which,  the  valve-plates  and  their  attached  parts  are 
easily  removed.  The  edges  of  the  ports  are  made  to  project  some 
distance  above  the  lower  part  or  flange,  by  which  the  junction  with  the 
meter  case  is  effected ;  and  openings  are  left  in  the  top  plate  of  the 
case,  through  which  the  projecting  portions  containing  the  ports  pass. 
The  valves  themselves  are  of  the  ordinary  slide  class,  and  are  actuated 
over  the  ports  by  means  of  connecting  rods,  to  which  motion  is  im- 
parted from  the  central  crank  shaft,  J ;  this  shaft,  from  which  the  index 
gearing  is  also  driven,  being  actuated  by  means  of  other  gearing  from 
the  diaphragms  in  the  ordinary  manner,  and  which,  being  similar  to  the 
mechanical  movement  usually  employed  in  gas  meters  of  this  kind, 
need  not  be  more  particularly  mentioned,  the  same  being  intelligible  to 
an  expert,  by  reference  to  the  engravings.  The  chief  improvement  con- 
nected with  the  valve  arrangement  being,  that  by  removing  the  frame,  K, 
which  carries  the  central  crank  shaft,  L,  and  step  bearing  for  the  same,  the 
whole  of  the  gearing,  together  with  the  two  valve  connecting  rods,  I,  I1,  are 
brought  away  together,  thus  leaving  the  valves  themselves  perfectly  free 


for  removal.  The  crank  shaft  framing,  K,  is  removed  by  withdrawing  the 
screws,  ff}  by  which  it  is  connected  to  the  top  plate  forming  the  meter 
case.  The  boxes  by  means  of  which  the  gas  enters  and  passes  from 
the  meter,  are  arranged  as  follows : — The  entrance  box  is  marked  M  in 
figs.  1  and  2,  the  gas  entering  from  the  pipe,  M1;  it  will  be  observed  that 
the  box,  m,  is  closed  at  the  bottom,  and  that  surrounding  a  hole  formed 
therein,  the  pipe  or  tube,  N,  is  fixed  with  a  tight  joint.  The  upper  end 
of  the  pipe,  N,  does  not  quite  reach  the  top  of  the  inside  of  the  box,  M  ; 

Fig.  2. 


by  this  means,  as  the  gas  enters  the  box,  it  cannot  escape  therefrom  by 
any  other  way  than  through  the  pipe,  N,  so  that,  if  any  moisture  in  the 
gas,  or  other  condensible  matter,  should  enter  the  box,  it  would  remain 
therein  until  the  deposited  matter  became  level  with  the  top  of  the  tube, 
N ;  thus,  nothing  but  the  gas  itself  enters  the  meter,  and  the  facility 
afforded  for  removing  the  box,  M,  enables  it  to  be  occasionally  with- 
drawn, so  that  any  condensible  matter  which  may  have  collected  therein 
is  taken  out.  The  box  is  fixed  by  means  of  screws,  g  g,  to  the  flange  of 
the  top  box  of  the  meter,  by  withdrawing  which  it  is  easity  removed. 

The      box     through 
which  the  gas  escapes  Fig.  3. 

is  differently  con- 
structed, and  marked  P, 
in  figs.  1  and  2 ;  it  is 
fixed  to  the  top  plate  in 
the  same  manner  as  the 
entrance  box  previously 
described.  Within  it 
are  two  tubes,  o  o1,  more 
particularly  seen  in  fig. 
2,  part  of  the  top  of  the 
box  being  cut  away  to 
render  them  visible ; 
each  one  of  these  tubes 
is  connected  to  the  ducts 
through  which  the  gas 
escapes  after  having 
been  measured,  and 
passes  thence  through 
the  exit  tube,  q,  to  be 
burned. 

What  is  considered 
to  be  a  very  important 
point  in  connection  with 
this  part  of  the  invention 
is  the  mode  in  which 
the  passage  valves,  by 
which  the  gas  enters  and  escapes  from  the  diaphragms,  are  constructed, 
thus:  two  oblong  openings  are  formed,  one  in  each  ring,  to  which  the 
leather  is  jointed  on  each  side  of  the  diaphragm  back;  from  these, 
two  ducts  of  oblong  or  other  suitable  form  extend,  and  which  are 
dotted  in  fig.  1 ,.  These  upper  portions  are  turned  off  at  right  angles 
below  the  two  tubes  of  the  escape  or  exit  box,  p,  and  proper  recess 
joints  are  attached  thereto  for  the  reception  of  that  part  of  the  ducts 


December  1,  1S65. 


THE   PRACTICAL   MECHANIC'S   JOURNAL. 


275 


which  leads  to  the  slide  valves,  through  the  cavities  in  which  the  gas  in 
escaping  from  the  diaphragms  as  they  are  alternately  pressed  in,  passes 
to  one  or  other  of  the  two  tuhes  into  the  escape  box,  p,  while  the  gas 
from  the  portions  of  the  meter  outside  the  diaphragms  escapes  through 
the  open  part  into  the  cavity  of  the  valves,  and  thence  through  the 
centre  part  into  the  escape  box  by  the  same  tubes. 


DRYING  MALT  AND  GRAIN. 

John  Forbes,  Perth — Patent  dated  May  10,  18G5. 

Mr.  Forbes'  invention  relates  to  the  adaptation  to  kilns  of  certain 
mechanical  arrangements  employed  for  the  purpose  of  drying  malt  and 
grain,  by  means  of  which  great  economy  is  effected  in  the  time  required 
and  quantity  of  fuel  employed  for  heating  and  drying. 

One  mode  of  carrying  the  invention  into  practice  consists  in  placing 
a  fan,  pump,  or  other  exhausting  apparatus  on  the  outside  of  the  kilns, 

Fij 


and  having  ducts  leading  from  the  exhausting  apparatus  to  the  interior 
of  the  drying  chamber.  Thus,  when  the  exhausting  apparatus  is  set 
in  motion,  the  aqueous  vapour  rising  from  the  malt  or  grain  is  drawn 
off,  and  a  fresh  supply  of  dry  hot  air  is  drawn  in  the  openings  in  the 
bottom  of  the  kiln,  which,  on  passing  through  the  layer  of  malt  or 
grain,  causes  it  to  be  dried  much  more  speedily  and  effectively  than 

under  the  old  method,  in 
which  the  evaporated  mois- 
ture was  permitted  to  hang 
over  the  grain  being  dried. 
The  present  invention  is 
especially  advantageous  for 
the  use  of  distillers  and 
brewers,  at  the  same  time 
producing  a  finer  quality 
and  larger  quantity  of  malt 
than  has  been  hitherto 
obtained. 

Fig.  1  of  the  engravings 
is  a  transverse  section  of 
the  kiln ;  fig.  2  is  a  longi- 
tudinal section  at  right 
angles  to  fig.  1 ;  fig.  3  is  a 
plan  of  the  ceiling  of  the 
i  showing  an  arrangement  of  the  air  conductor  leading  to  the 
extracting  fan. 

In  figs.  1  and  2  the  interior  part  of  the  brick  casing  under  the  kiln 
is  marked  A,  of  the  usual  curvilinear  form,  and  spreading  outwards  till 
meeting  the  vertical  walls,  from  which  the  kiln  floor,  B,  is  carried, 
the  malt  or  grain  to  be  dried  being  spread  thereon  ;  the  kiln  floor,  B, 
is  perforated  with  a  series  of  holes,  through  which  the  air  passes  or  is 


drawn  by  the  extractor  through  the  malt  or  grain.  In  the  arrange- 
ment shown,  the  air  conductor,  C,  passes  along  underneath  the  central 
portion  of  the  ceiling  of  the  kiln,  leading  to  the  extractor,  D,  the  con- 
ductor being  fitted  with  three  adjustable  doors  or  openings,  d,  d',  and 
d",  by  which  the  quantity  of  air  admitted  from  the  kiln  to  the  fan  or 
extractor,  D,  is  regulated. 

In  fig.  1  is  shown  the  open  duct  or  passage  leading  to  the  chimney. 
A  thermometer  is  placed  upon  the  upper  part  of  the  fan  casing,  at  or 
about  the  point  where  this  joins  with  the  passage,  e,  it  being  for  the 
guidance  of  the  attendant,  who,  on  reading  off  the  temperature  at  any 
time,  regulates  his  fire  accordingly.  The  extracting  fan,  D,  is  mounted 
upon  a  shaft  (figs.  1  and  2),  which  carries  a  driving  pulley,  over  which 
a  belt  passes  for  imparting  the  requisite  rotatory  motion. 

At  fig.  3,  f  and  p  are  doors  which  are  opened  when  the  fan  is  not 
at  work,  communicating  with  the  kiln  chimney,  as  in  an  ordinary  kiln. 
At  figs.  1  and  2  openings  are  formed  in  the  brick  casing  above  the  fire, 
through  which  the  cold  air  is  admitted,  as  indicated  by  the  arrows. 

The  fuel  employed  for  heating 
the  kiln  may  be  either  peat,  coal, 
coke,  or  if  the  fan  is  rotated  by  the 
agency  of  a  steam  engine,  the 
exhausted  steam  may  be  passed,  by 
means  of  pipes  in  the  openings 
through  which  the  cold  air  enters, 
to  the  fire ;  and  thus  the  steam  is 
condensed,  and  nearly  the  whole 
available  quantity  of  heat  given  out 
by  the  coals  for  actuating  the  engine 
is  utilized,  the  portion  generally 
going  off  as  waste  with  the  exhaust 
being  thus  economized.  The  air 
may  also  be  heated  by  means  of 
Hues,  or  pipes  constructed  in  such  a 
manner  as  to  heat  the  air  before 
passing  up  through  the  kiln  floor,  in 
which  case  small  coal  or  dross  can 
be  used  to  great  advantage :  the 
colour  of  the  product  by  this  means 
is  much  brighter  than  by  fire  directly 
applied.  The  malt  or  other  grain 
whilst  being  dried  is  continually 
exposed  to  a  rapid  current  of  dry 
heated  air  passing  through  it  in  an  upward  direction  ;  thus  the  process 
of  drying  is  effected  in  about  one-half  of  the  time  occupied  by  the 
ordinary  method,  and  at  a  proportionate  reduction  in  cost  for  fuel— the 
friability  of  the  malt  and  brightness  of  its  colour  being  greatly  improved, 
as  the  temperature  of  the  malt  need  never  be  higher  than  110°  Fahr., 
or  thereabouts.  It  has  also  been  found  that  by  conducting  the  process 
as  above  described  the  yield  of  malt  is  increased  in  a  ratio  of  five  per 
cent,  over  the  old  method ;  and  when  washed  the  yield  of  saccharine 
matter  is  as  great,  if  not  greater,  than  the  starch  of  the  malt  is,  being 
more  easily  converted  into  sugar  by  the  diastase  in  the  mash  tun,  on 
account  of  the  lowness  of  temperature  to  which  it  has  been  exposed  on 
the  kiln. 


APPARATUS    FOR  BRUSHING  HAIR. 

Casimir  Roques,  Edinburgh. — Patent  dated  January  25,  1865. 

This  invention  relates  to  certain  improvements  in  the  construction  of 
brushes  used  for  brushing  the  human  or  other  hair,  but  is  more  par- 
ticularly applicable  to  brushing  long  hair,  such  as  that  grown  upon  the 
heads  of  females.  The  apparatus  consists  of  a  rod  or  shaft  upon  which 
a  pulley  is  rotated  by  the  motion  of  a  driving  belt,  the  shaft  or  rod 
being  furnished  with  handles,  by  which  the  operator  holds  the  brushing 
apparatus  against  the  head  of  the  person  or  object  to  which  it  is  applied. 
Upon  the  rod  or  shaft  there  is  also  fixed  a  frame  of  metal,  at  each  end 
of  which  a  roller  is  fixed ;  upon  this  frame  the  brush  is  stretched,  and 
is  caused  to  travel  upon  the  rollers  by  means  of  a  belt  passing  from  a 
pulley  (connected  and  driven  by  the  driving  pulley)  on  to  one  of  the 
rollers  which  carry  the  brush.  When  stretched,  the  brush  is  in  the 
form  of  an  oblong,  with  rounded  ends,  and  in  travelling  one  of  its  sides 
is  applied  to  the  head  of  the  person  or  to  any  other  object  being  brushed, 
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so  that,  in  contradistinction  to  circular  brushes  hitherto  used,  which 
tangle,  twist,  and  break  long  hairs  or  filaments,  the  present  construc- 
tion results  in  a  continuously  travelling  brush  by  which  these  difficulties 
are  obviated,  and  hairs  or  filaments  of  any  length  can  be  easily  and 
efficiently  brushed.  The  brush  itself  consists  of  a  strip  of  leather,  in 
which  the  bristles  or  wires  are  fixed. 

The  engraving  represents  a  froDt  elevation,  with  the  brush  shown  in 
section,  of  a  brushing  apparatus  constructed  in  accordance  with  this 
invention.  That  portion  marked  A  is  a  frame  made  of  iron,  or  other 
suitable  material.  To  one  end  of  the  frame,  A,  a  round  shaft  or  rod,  C, 
is  fixed  in  such  a  manner  that  it  projects  on  both  sides  of  the  frame, 
thus  forming  two  separate  shafts,  each  of  which  receives  a  roller,  B, 
revolving  on  it.  At  each  side  of  these  rollers  is  left  a  projecting 
edge  to  prevent  the  slipping  off  of  the  brush,  which  travels  over  them, 


as  will  hereafter  be  more  distinctly  described.  Into  the  other  end  of  the 
frame,  A,  the  one  end  of  a  round  shaft  or  rod,  D,  is  screwed,  or  fixed  in 
any  other  convenient  way,  or  may  be  formed  in  one  piece  with  the 
frame.  The  opposite  end  of  the  shaft  or  rod,  d,  has  a  handle,  e,  fixed 
to  it,  by  which  and  by  another  handle,  e',  fixed  at  and  to  the  frame,  A, 
the  apparatus  can  be  held  by  the  operator  while  in  motion.  Between 
the  handle  e  and  the  frame,  A,  a  roller,  f,  made  of  wood,  or  other 
material,  revolves  on  the  round  shaft  or  rod,  d.  It  serves  like  the 
rollers,  n,  for  the  brush-belt  to  travel  over,  and  to  impart  motion  to 
the  same,  which  is  effected  by  a  driving  pulley,  G,  fixed  firmly  to  the 
roller,  F,  or  formed  in  one  piece  with  this  roller,  and  likewise  revolving 
on  the  shaft  or  rod,  D,  so  that,  if  the  driving  pulley  is  set  in  motion,  it 
causes  the  roller,  f,  to  move  round  in  the  same  direction. 

The  brush,  n,  consists  of  a  belt  of  leather,  the  ends  of  which  are  joined 
together,  thus  forming  a  regular  driving  belt.  On  the  outside  of  this 
belt  hairs  or  wires  are  fixed  into  the  material  of  which  the  belt  con- 
sists, in  any  convenient  position.  The  inner  side  touches  the  rollers, 
B,  working  like  one  roller  on  the  one  end,  and  on  a  part  of  the  roller,  f, 
lying  in  a  line  with  the  former  named  rollers,  E.  If,  therefore,  the 
driving  pulley  is  set  in  motion  by  means  of  a  gearing  moved  by  steam 
or  other  power,  it  causes  the  roller,  f,  as  before  mentioned,  to  revolve 
also,  and  this  imparts  motion  to  the  brush-belt,  II. 


LAW    REPORTS. 


Beard  v.  Turner. — Trade  Marks. — Ne  phis  ultra  Needles.  Before  Vice- 
Cliancellor  Sir  W.  P.  Wood,  November  8,  1865. 

The  object  of  tbis  suit  was  to  restrain  the  defendant  from  imitating  the  trade- 
mark and  labels  used  by  the  plaintiffs,  a  firm  of  pin  and  needle  makers,  carrying  on 
business  at  Birmingham  and  Redditch,  with  establishments  in  London  and  Paris. 
It  appeared  that  in  1835  the  plaintiffs'  firm,  who  had  acquired  great  celebrity  for 
improvements  in  needles  to  which  the  title  "  Kirby's  Ne  plus  ultra"  had  been 
applied  by  them,  adopted  a  new  embossed  label  as  a  distinguishing  trade-mark  for 
their  needle  packets.  This  label  contained  the  Kirby  crest — an  elephant's  head 
upon  a  coronet — and  the  words  "Ne  plus  ultra,"  with  the  distinguishing  name  of 
each  particular  class  of  needles,  such  as  "  Diamond,"  "  Drill'd-eyed,"  &c.  The 
defendant  Turner  was  a  needle  manufacturer  at  Redditch,  and  the  case  made  by  the 
bill  was,  that  he  had  for  some  time  past  used  for  the  sale  of  his  needles  embossed 
labels  in  close  imitation,  as  it  was  alleged,  of  those  used  by  the  plaintiffs.  The  points 
of  similarity  were  stated  to  be  the  words  "  Ne  plus  ultra,"  a  lion's  head  erased  upon 
a  coronet,  said  by  some  of  the  "experts"  to  be  simply  the  elephant's  head  of  the 
plaintiffs'  minus  the  trunk,  and  other  minor  points  of  wording  and  arrangement, 
&c.  The  defendant,  on  the  other  hand,  insisted  that  his  label,  so  far  from  being  an 
imitation  of  that  used  by  the  plaintiffs,  contained  numerous  distinctive  differences  in 
form,  wording,  arrangement,  and  colour;  that  the  plaintiffs  could  not  claim,  and 
had  not  established,  any  exclusive  right  or  trade-mark  in  the  words  "  Ne  plus 
ultra,"  and  that,  according  to  the  usage  of  the  trade,  the  name  of  the  manufacturing 
firm  (prominently  attached  to  the  defendant's  label)  alone  constituted  the  distin- 
guishing mark.  The  defendant  also  denied  any  intention  to  deceive,  or  that  any  of 
the  public  ever  had  been  deceived,  by  the  alleged  similarity,  and  relied  upon  the  long 
continued  and  open  use  by  him  of  the  offending  label,  as  evidenced  by  his  having 
exhibited  it  at  the  International  Exhibition  of  1862,  in  a  case  next  to  that  of  the 
plaintiffs. 

Mr.  Daniel,  Q.C.,  and  Mr.  Druce  appeared  on  behalf  of  the  plaintiffs ;  Mr.  Rolt, 
Q.C.,  Mr  Amphlett,  Q.C.,and  Mr.  Wickens  were  for  the  defendant. 

The  Vice-Chancellor  (without  calling  on  the  defendant's  counsel)  said  that  the 
plaintiffs'  case  had  altogether  failed.  No  doubt  the  plaintiffs  were  entitled  to  adopt 
their  crest  or  any  other  insignia  that  they  pleased,  and  they  could  acquire  a  trade- 
mark in  such  badge,  the  use  of  which  by  any  oue  else  would  be  restrained.  But 
the  distinctive  claim  made  by  the  bill  was  to  the  words  "  Ne  pins  ultra,"  and  that 
claim  had  failed  entirely,  as  the  words  were  common  in  the  needle  trade,  had  been 
invented  long  before  the  plaintiffs  ever  thought  of  using  them,  might  have  been 
adopted  by  any  needle-maker,  and,  in  fact,  had  been  very  generally  adopted.  He 
might  observe  that  in  this  particular  trade  it  was  necessary  to  distinguish  the 
qualities  of  the  needles — such  as  "  Diamond-eyed,"  "  Drill'd-eyed,"  &c. — as  well  as 
the  manufacturers'  names,  and  therefore  it  would  be  very  difficult  for  any  manu- 
facturer to  say  that  he  had  established  a  trade-mark  in  words  which  were  used  to 
describe  the  quality  of  the  needles.  No  doubt  the  case  of  a  fancy  name  such  as 
"  Ne  plus  ultra,"  would  be  different  from  that  of  words  merely  descriptive,  but  then 
that  fancy  name  was  shown  by  the  evidence  to  have  been  common  in  the  trade. 
The  case,  therefore,  was  reduced  to  the  use  of  the  crest.  Now,  he  did  not  at  all 
say  that  a  manufacturer  might  not  establish  a  trade-mark  in  his  crest,  and  anything 
which  amounted  to  a  plain  imitation  of  the  plaintiffs'  crest  by  the  defendant  would 
not  have  been  sanctioned  by  this  Court.  But  the  defendant  had  not  used  the  crest 
of  the  plaintiffs,  which  was  an  elephant's  head,  but  a  manifest  lion's  head,  the 
only  point  of  identity  being  the  use  of  the  coronet,  which  certainly  was  not 
sufficient  to  show  any  fraudulent  intention.  There  was  no  evidence  that  any 
one  had  ever  asked  for  the  plaintiffs'  needles  as  elephant's  head  needles.  Further 
than  this,  there  was  no  evidence  that  any  single  person  had  ever  asked  for  "  Kirby's 
needles"  and  been  supplied  with  those  manufactured  by  the  defendant.  As 
to  the  bona  fides  of  the  defendant,  it  was  a  very  strong  circumstance  that  he  had 
exhibited  these  very  labels  in  a  case  side  by  side  with  that  of  the  plaintiffs  in 
the  Exhibition  of  1862,  when  the  attention  of  the  plaintiffs  appears  to  have  been 
directly  called  to  it.  With  this  knowledge  the  plaintiffs  had  waited  more  than  two 
years  before  filing  their  bill,  and  such  a  delay  was  fatal  to  a  suit  of  this  description, 
a  part  of  the  relief  sought  being  to  obtain  an  account  of  profits  from  the  defendant, 
and  thus  to  make  him  their  salesman  and  obtain  a  profit  from  the  act  complained 
of.  The  plaintiffs  could  not  be  allowed  thus  to  avail  themselves  of  their  delay  for 
more  than  two  years,  and,  on  the  merits,  no  case  of  fraud  had  been  made  out  against 
the  defendant.     The  bill  would  therefore  be  dismissed. 


EEVIEWS    OF    NEW    BOOKS. 


The  Modern  System  of  Naval  Architecture.  By  John  Scott 
Russell,  F.R.S.  In  three  vols,  folio,  two  being  plates.  London: 
Day  &  Son.     1864^65. 

A  Treatise  on  Iron  Shipbuilding  :  its  History  and  Progress. 
By  William  Fairbaikn,  C.E.,  F.R.S.  One  vol.  8vo.  London; 
Longman.     1865. 

John  Scott  Russell's  long  expected  book  has  at  length  been 
launched,  and  its  three  volumes  are  now  spread  upon  our  table. 

At  the  first  glance,  an  incident  in  the  career  of  another  though  very 
different  nautical  individual,  who,  however,  made  a  noise  in  the  world 
in  his  own  day,  came  to  mind.  When  one  Captain  Lemuel  Gulliver 
had  got  to  be  a  celebrity  at  the  court  of  the  king  of  Brobdignag,  and 
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hoped  to  gratify  his  literary  longings  in  tho  royal  library,  he  found 
himself  cut  off  from  knowledge  by  the  size  of  the  books,  even  though 
prepared  to  brave  the  dangers  of  one  of  the  royal  volumes  toppling  over 
upon  him,  like  a  monolith  of  Stonehenge,  and  his  being  found  a 
"  mangled  Tibault"  beneath.  By  the  help  of  the  king's  joiner,  however, 
the  brave  and  ingenious  captain  was  enabled  to  accomplish  the  perusal. 
He  tells  us  he  had  a  sort  of  broad  step  ladder  made,  equal  in  height  to 
the  Brobdignag  page,  each  step  being  equal  in  length  to  a  line,  and 
the  interval  between  the  steps  equal  to  that  between  the  lines ;  and  so, 
by  walking  alternately  backwards  and  forwards  before  the  page,  descend- 
ing a  step  at  the  end  of  each  line,  he  was  able,  with  tolerable  comfort, 
to  drink  from  the  lofty  fountain  of  knowledge  set  up  before  him. 
We  wish  any  analogous  contrivance  could  enable  us  to  read  John 
Scott  Russell's  letterpress  with  comfort ;  but  a  page  of  22  inches  wide, 
by  27  inches  high,  is  neither  huge  enough  to  be  perused  on  Brobdignag 
principles  of  stud)',  nor  small  enough  to  be  held  in  hand,  as  by  ordinary 
mortals,  nor  even  pleasantly  read  when  displayed  upon  a  sloping  desk, 
the  reader  standing  before  it,  for  to  sit  is  out  of  the  question.  The 
author  and  his  publishers  have  between  them  unmistakably  launched 
the  Great  Eastern  of  books — three  volumes,  which  together  cannot 
weigh  much  short  of  three-quarters  of  a  hundredweight. 

Were  we  quite  in  earnest,  it  might  seem  ungracious  to  commence  by 
finding  fault,  when  noticing  this  in  every  respect  remarkable  and  mag- 
nificent work.  We  cannot  avoid,  however,  feeling  that  it  would  have 
been  better  for  the  thousands  who  are  destined  to  receive  information 
from  Scott  Russell's  labours,  if  symmetry  had  been  somewhat  sacrificed, 
as  respects  the  volumes ;  and  that,  whilst  the  great  folio  size — which  is 
even  now  but  barely  sufficient  to  give  fully  and  clearly  the  details  of 
many  of  the  plates — had  been  retained  as  indispensable,  the  first 
volume,  which  contains  the  readable  matter,  had  been  printed  in 
moderate-sized  type,  and  of  a  size  not  larger  than  royal  octavo.  As 
the  book  now  comes  forth,  it  is  perfectly  superb — no  such  plates,  illus- 
trative of  naval  architecture  in  principles  and  practice,  have  ever  before 
been  produced ;  and  great  as  is  the  cost  per  copy,  we  trust  the  whole 
impression  will  be  rapidly  sold,  and  that  a  new  and  cheaper  edition 
will  be  produced,  perhaps  omitting  some  of  the  exhaustive,  and  one 
may  almost  say  exhaustless,  mass  of  plates,  and  giving  the  whole  of 
the  letterpress  in  octavo  form.  We  the  more  earnestly  desire  this, 
because,  after  having  looked  with  attention  through  what  J.  S.  Russell 
has  written,  we  have  found  ourselves  obliged  to  recognize  in  his  work  far 
more  than  a  mere  splendid  monument,  destined  to  ornament  our  public 
libraries  and  those  of  the  opulent  classes — far  more,  for  it  commends 
itself  to  us  as  the  most  lucid  and  instructive  work  at  this  moment  in 
existence,  to  place  at  an  early  period  of  study  before  the  practical 
student  of  naval  architecture,  as  that  exists  at  present  in  science  and  in 
practice. 

The  work  is  divided  into  four  great  sections,  viz.,  naval  design,  in 
which,  under  thirty-nine  chapters,  we  have  what  may  be  called  the 
chief  part  of  the  science  of  the  naval  architect.  In  the  earlier  chapters 
all  the  questions  to  which  we  have  been  accustomed  as  to  buoyanc}', 
stability,  weatherliness,  easiness,  dryness,  balance  of  sail,  &c,  &c,  are 
discussed ;  and  in  Chapter  XIX.,  contributed  by  Mr.  Merrifield,  F.R.S., 
in  which  a  more  liberal  use  of  analytical  expression  is  made  than  in 
almost  any  other  part  of  the  work,  we  have  the  methods  of  calcu- 
lating areas,  volumes,  and  the  critical  points  of  ship  bodies  (Simpson's 
method  inclusive),  very  lucidly  condensed  and  adapted  to  real  practice. 

Then  the  great  question  of  ease  in  being  driven  through  the  water, 
is  entered  upon  ;  and  in  ten  very  masterly  chapters,  the  whole  subject 
of  resistance  is  handled  in  a  far  more  distinct  and  complete  manner 
than  it  has  ever  been  done  before  in  any  single  systematic  work. 

Mr.  Russell,  in  accordance  with  the  general  view  of  his  book  as  not 
being  a  history  of  his  subject,  avoids,  happily,  encumbering  his  page 
and  loading  the  intellectual  stomach  of  bis  readers  with  the  raw  mass 
of  indigestible  references  to  the  experiments  upon  different  forms  as  to 
resistance,  with  which  so  many  works  on  naval  construction  are  over- 
laid. With  but  slight  reference  to  these,  he  begins  at  the  beginning 
by  inquiring,  What  becomes  of  the  water  that  a  ship  in  motion  has  to 
push  aside,  in  order  to  pass  onwards?  and  having  shown  that  the 
moving  ship  pushes  away  the  water,  excavated  from  out  of  her  path  by 
her  ploughshare  bows,  through  the  generation  of  a  wave,  he  enlarges  upon 
the  wave  itself,  and  gives  a  very  full  and  very  valuable  summary  of  his 
own  experimental  researches,  and  of  the  labours  of  some  others  (the 
Webers,  &c.)  upon  the  several  classes  of  waves,  and  especially  of  the  wave 


of  translation,  in  determining  the  laws  of  the  motions  of  which  Russell 
himself  was  conspicuous.  Civil  engineers  at  large,  "and  not  alone  the 
mere  younger  members  of  the  profession,"  to  whom  some  of  its  patres 
conscripti  are  very  much  in  the  habit  of  relegating  and  recommending 
such  studies  as  quite  superfluous  to  their  experience — all  will  derive  a 
great  deal  of  sound  and  important  information,  applicable  to  harbour 
and  river  engineering,  and  to  a  great  deal  more  besides,  from  these 
chapters  on  waves ;  for,  without  offence  be  it  said,  we  have  very  rarely 
found  British  engineers  to  possess  any  clear  notion  of  what  a  wave  is 
at  all,  although  they  profess  to  "  rule  the  waves"  every  day. 

The  relations,  then,  which  connect  the  form  of  the  wave  of  translation 
with  the  easiest  water-lines  for  ship's  "  wave-lines,"  and  the  applications 
of  which  constitute  the  "  wave-line  system,"  are  then  set  forth,  and  the 
principle  common  to  both  shown  to  be  that,  whereas,  in  the  natural 
form  of  the  wave  of  translation,  it  may  be  proved  that  nature,  with  her 
invariable  economy  of  power,  that  permits  nothing  in  vain,  moves  a 
particle  or  a  given  volume  from  one  point  in  space  to  another  with  a. 
minimum  expenditure  of  force,  so,  in  the  "reconciled  wave-liues"  of 
a  well-designed  ship,  the  curves  of  versed  sines  of  the  bows  and  the 
trochoids  of  the  after  body,  do  possess  this  same  property,  and  enable 
the  water  to  be  pushed  into  a  wave  and  set  aside  as  she  progresses  with 
the  least  waste  of  power.  In  fact,  these  forms  but  fulfil,  in  a  special 
instance,  the  law  common  to  every  hydrodynamic  question  where  solids 
and  liquids  meet — that  the  particles  must  be  met  and  brought  them- 
selves into  motion  without  shock,  and  deposited,  after  the  required  amount 
of  translation  has  been  accomplished,  without  velocity. 

Then  we  have  the  laws  of  oscillatory  waves  and  of  pendulum  vibra- 
tions discussed  in  relation  to  rolling,  &c;  and  of  all  these  to  alterations 
in  the  form,  loading,  trim,  &c,  of  the  ship,  the  part  concluding  with  a 
summary  of  naval  design. 

Part  the  Second,  on  "  Practical  Shipbuilding"  is  thoroughly  practical 
in  its  character,  beginning  at  the  mould  loft,  with  the  transfer  of  the 
designs  to  actual  size,  and  going  through  all  that  belongs  to  construction 
in  both  timber  and  iron  ships. 

Ship  carpentry  is  treated  with  brevity — Russell  making  no  secret  of 
his  belief  that  wooden  ships  are  passing  off  the  stage,  and  that  iron  is 
destined  in  them  rapidly  to  replace  timber. 

And  no  doubt  this  is  quite  true  in  a  general  way,  and  strictly  so,  as 
respects  ourselves,  America,  and  probably  a  large  portion  of  Europe ; 
though  some  centuries,  may  yet  elapse  before  timber  shall  cease  to  be 
the  necessary  and  the  best  material  for  the  shipping  of  new  nations, 
and  of  distant  regions  where  fine  timber  is  abundant,  the  old  methods 
of  ship  carpentry,  descended  from  before  Homeric  days,  known,  and 
where  iron  is  and  must  long  be  scarce,  and  relatively  dear,  and  the 
skilled  labour  that  works  in  it  exotic  and  highly  paid. 

Part  the  Third  treats  of  steam  navigation,  viewed  as  an  adjunct;  for 
as  the  author  insists,  the  naval  architect  must  understand  boilers  and 
engines,  and  the  means  by  which  these  are  to  be  made  through  various 
propellors  to  drive  the  ship,  if  he  is  to  be  skilful  in  adapting  the  ship 
to  the  means  that  are  to  propel  it.  This  part,  though  extended  to 
twenty-two  chapters,  the  heading  of  every  one  of  which  is  of  a  salient 
character,  of  course  goes  but  a  small  way  towards  an  exhaustive  or  even 
complete  treatment  of  the  subject.  What  is  given  is  good,  especially 
those  chapters  that  refer  to  the  different  forms  of  propelling  instruments, 
the  paddle,  the  screw,  the  jet  propellor,  &c,  &c.  Many  fallacious  notions 
are  put  in  a  clear  light,  much  practical  matter  of  a  very  appliable 
sort  given. 

Not  but  that,  as  we  think,  there  are  some  little  traces  of  heresy  here 
and  there,  that  steam  inquisition  may  perhaps  lay  its  finger  on.  We 
do  not  ourselves,  for  example,  at  all  agree  with  the  dogma  that  the 
locomotive  boiler  is  unfitted,s«o  genere,  for  naval  use,  nor  that  there  is  no 
prospect  of  any  great  change  in  marine  boilers.  On  the  contrary,  we 
believe  that  it  is  their  destiny  to  be  most  importantly,  if  not  radically, 
metamorphosed  by  the  future  and  rapid  progress  of  surface  condensation, 
and  with  less  certainty,  also,  by  that  of  the  use  of  liquid  in  place  of 
solid  fuel. 

Another  little  instance  of  heresy  just  occurs  to  us.  At  p.  245, 
where  and  whereabouts  Mr.  Russell,  with  a  brevity  we  think  was  to  be 
desired  otherwise,  discusses  the  unresolved  question  of  "  corrosion  and 
fouling"  of  iron  ships;  after  very  justly  condemning  the  innumerable 
nostrums  for  coating  ships  with  which  the  public,  and  the  government 
dockyards  too,  permit  themselves  to  be  humbugged,  he  says,  "  Good 
honest  red-lead  paint,  laid  on  a  ship's  bottom  evenly  and  slowly,  coat 
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after  coat,  with  plenty  of  time  to  dry,  is  an  excellent  protection  from 
corrosion,  inside  and  out.  Various  sorts  of  hard  tallow  and  grease, 
with  mercurial  or  other  poisons  over  that,  protect  it  temporarily 
from  parasitical  excrescence."  It  would  be  hard  to  put  much  more 
beresy  on  the  subject  (according  to  our  creed,  and  we  Lave  taken 
some  pains  to  form  one  ;  and,  so  far  as  our  lights  go,  we  believe  a 
saving  one)  within  the  compass  of  the  words.  Surely  John  S.  Russell 
cannot  be  ignorant  of  the  fact  that  it  has  been  well  ascertained  in 
French  dockyards  that  the  red-lead  of  red-lead  paint,  under  the  action 
of  air,  Bea  water  (especially  foul  harbour  waters),  and  the  iron  of  the 
ship,  gets  reduced  back  at  innumerable  points  to  globules  of  metallic 
lead,  which  then  powerfully  promote  the  corrosion  of  the  iron,  and 
blister  off  the  paint  remaining. 

Nor  ought  any  one  who  has  read  the  researches  on  the  subject 
which  have  been  published  in  the  Transactions  of  the  British  Associa- 
tion, to  be  ignorant  that  of  all  poisonous  matters  those  of  a  mercurial 
base  have  been  proved  to  have  the  least  effect  in  repelling  the  embraces 
of  the  low  forms  of  marine  animal  life  ;  to  say  nothing  of  the  fact,  also 
ascertained  in  French  dockyard  researches,  that  all  mercurial  compounds 
so  employed  disappear  totally  in  a  marvellously  short  time  at  sea. 

Nor,  thirdly  and  lastly,  ought  it  to  have  been  overlooked  that 
poisonous  coatings,  of  whatsoever  poison,  if  the  base  be  one  of  tallow 
or  grease  (any  fixed  undessicative  fat),  are  utterly  unfit  to  spread  over 
an  oil  paint,  i.e.,  a  paint  with  a  drying  oil  base.  Such  a  superim- 
posed coat  softens,  destroys,  and  detaches  the  other  beneath  it.  If 
tallow  or  difficultly  soluble  metallic  soaps  are  to  be  employed  for 
antifouling  coating,  then  should  the  protective  paint  below  be  wholly 
varnish  of  an  asphaltic  basis. 

While  we  are  in  the  fault-finding  vein,  let  us  also  remark  : 

We  turned  with  eager  curiosity  to  the  paragraphs  treating  on  the 
slip  of  the  screw-propeller,  and  especially  to  the  account  given,  and  the 
solution  offered — perhaps  we  should  say,  only  hinted  at,  for  it  is  to  ns 
somewhat  obscure — of  that  strange  and  curious  phenomenon — negative 
slip.  We  will  only  say,  that  to  our  apprehension  the  explanation 
proposed  is  wholly  inadequate,  and,  if  we  do  not  misconceive  its  drift, 
involves  a  mechanical  fallacy. 

Virtually,  the  "  Conclusion"  is  a  fourth  part  of  John  Scott  Russell's 
great  work.  It  treats  of  classes  of  ships — men-of-war,  merchantmen, 
tonnage,  equipment  and  outfit,  and  amongst  these,  enters  upon  the 
question  of  armour  plating  and  naval  gunnery.  Perhaps  as  a  pendant  to 
armour  plating  on  the  defence  side — as  a  part  of  construction  in  war 
ships — something  was  unavoidably  to  be  said  on  artillery  questions. 
If  avoidable,  however,  we  are  of  opinion  it  had  been  best  avoided. 

The  subjects  necessary  to  this  most  comprehensive  book  were  already 
large  enough,  if  not  too  large,  and  the  specialty  of  naval  artillery  either 
demanded  a  much  larger  and  more  fundamental  treatment,  which  would 
necessarily  have  run  into  many  of  the  numberless  "  conditions  "  which 
really  make  the  substance  of  practical  artillery  inquiries,  or  had  best 
have  been  omitted  altogether. 

The  style  of  the  work  is  racy  of  the  author  himself.  Those  who 
have  had  the  good  fortune  to  have  enjoyed  the  personal  acquaintance 
of  John  Scott  Russell,  or  even  to  have  occasionally  heard  him  address 
"  the  Engineers,"  or  "  the  Naval  Architects,"  are  familiar  with  the 
exuberance  of  illustration,  "  the  doubled  force  of  apt  repeated  speech," 
the  picturesqueness  of  explanation,  the  naturally  skilful  clearness, 
often  mingled  with  not  a  little  dry  Scottish  humour  or  even  banter, 
which  make  his  style  both  in  speaking  and  writing  peculiar  and  seldom 
other  than  good.  We  have  the  same  style  here  stamping  the  book  to 
all  future  time  with  the  individuality  of  its  author,  a  copia  verborum 
that  is  generally  impressive  and  lucid,  as  it  is  idiosyncratic,  and  which 
in  but  very  few  instances  verges  towards  pleonasm  or  verbosity.  As 
a  literary  production,  the  work  is  scholarly  as  well  as  scientific  and 
practical ;  and  carries  one  other  peculiarity  in  its  general  mode  of 
treatment,  which  is  characteristic  both  of  the  author  and  several  of  the 
best  men  of  his  country,  Scotland.  We  remark  throughout  the  work 
the  same  preference  for  geometric  over  algebraic  methods  of  investiga- 
tion and  interpretation,  that  is  found  in  the  writings  of  Jamieson, 
Robison,  Leslie,  and  other  Scottish  men  of  science. 

We  regret  the  impossibility  of  giving  any  just  idea  of  the  array  of 
facts,  the  mass  of  tabular  matter,  the  vast  magazine  of  information, 
this  great  work  contains,  within  the  compass  of  such  a  review  as  our 
pages  will  admit.  From  the  preface,  which  is  itself  no  bad  history  of 
shipbuilding  as  a  science  and  an  art  up  to  the  present  day,  we  had  hoped 


to  have  been  able  to  print  some  extracts,  enabling  John  Scott  Russell 
to  tell  us  in  his  own  words  his  motives  and  his  intents,  his  helpers 
and  his  thanks  to  them,  in  the  production  of  his  book,  and  with  what 
end  in  view  he  has  encountered  the  vast  labour  of  its  production  ;  but 
we  are  unable  to  spare  the  space. 

The  work  itself,  with  its  two  immense  volumes  of  superb  Plates — 
many  of  them  folded  plates  of  six  or  seven  feet  long,  such  as  those  in 
which  the  whole  details  of  the  "  Great  Eastern,"  Russell's  own  greatest 
work  of  his  greatly  active  life,  are  given,  and  so  exquisitely  produced 
both  by  the  draughtsman  and  by  the  skill  and  enterprise  of  the 
publishers  Messrs.  Day  &  Son — worthily  marks  the  epoch  of  the  great 
change  from  timber  to  iron,  which  history  will  fix  as  in  our  day. 

Long  after  the  Great  Eastern  herself  shall  have  gone  to  a  decay, 
the  time  for  which  in  her  iron  frame  it  is  almost  impossible  to  con- 
jecture, or  may  perhaps,  by  one  of  those  accidents  to  which  all  that 
go  down  into  the  sea  in  ships  must  to  the  end  be  liable,  be  hidden  for 
ever  from  human  eye,  and  lie  upon  the  ooze  and  bottom  of  the  deep  a 
thousand  fathoms  down  ;  the  work  of  her  builder,  in  these  three 
volumes  will  remain,  long  to  instruct,  always  to  recall  his  knowledge, 
energy,  and  skill. 

At  a  period  very  recent,  another  name  deservedly  connected  with 
the  rise  and  progress  of  iron  shipbuilding  has  also  appeared  upon  the 
titlepage  of  a  work  on  the  subject. 

Mr.  Fairbairn  was  himself  very  early  in  the  field,  as  an  iron  boat- 
builder  ;  we  well  remember,  when  as  a  youth  we  ourselves  witnessed 
his  launch  of  the  "  Lord  Dundas  "  steamer  for  the  Forth  and  Clyde 
Canal,  about  the  year  1831,  and  with  genuine  practical  spirit  of  pro- 
phecy, his  then  saying  to  ourselves,  "  You  are  a  young  man,  you  will 
live  to  see  nearly  every  ship  that  swims  made  of  iron."  We  have 
already  seen  the  prediction  in  great  part  fulfilled.  In  his  preface  there- 
fore, it  is  not  without  some  foundation  that  the  author  says,  "  The 
introductory  notice  contains  a  brief  history  of  the  rise  and  progress 
of  naval  construction  since  the  time  when  iron  was  first  employed 
for  that  purpose.  This  embraces  almost  entirely  my  own  personal 
experience  ;  and  as  one  of  the  pioneers  and  first  experimentalists  who 
proved  the  value  of  iron  applied  to  shipbuilding,  I  am  probably  com- 
petent to  write  on  the  subject  with  some  authority."  This  is  no 
doubt  true,  though  as  a  matter  of  taste,  it  would  perhaps  have*  been 
as  well  that  it  had  been  left  to  be  admitted,  as  no  doubt  it  would 
readily  have  been,  without  any  self-assertion  on  the  part  of  one 
occupying  the  veteran  rank  of  William  Fairbairn. 

Although  this  work  is  but  an  octavo  volume,  with  some  woodcuts 
and  a  few  copperplates,  chiefly  of  American  ironclads,  it  is  so  far  from 
being  superseded  by  Mr.  Russell's  comprehensive  book,  that  it  seems 
now  to  form  a  sort  of  indispensable  complement  to  the  latter.  Mr.  Fair- 
bairn's  book,  though  having  claim  to  form  a  systematic  whole,  deals 
chiefly  with  the  structural  questions  that  relate  to  iron  shipbuilding.  It 
deals  with  their  material,  with  the  modes  of  uniting  it,  with  the 
strength  of  the  forms — in  plate  surfaces,  hollow  girders  or  deck  beams, 
keels,  stems,  &c,  &c, — into  which  those  materials  must  be  united  to 
form  integrants  of  the  whole  ship,  and  with  the  stress  and  strains  to 
which  these  parts,  and  subordinately  the  whole,  are  subjected.  Although 
the  experiments  on  the  strength  of  iron  and  of  rivetted  joints,  &c,  &c, 
made  by  Mr.  Fairbairn  and  Mr.  Hodgkinson,  years  since,  have  now 
appeared  many  times  over,  in  various  forms,  before  the  public — too 
often  indeed,  in  one  respect,  that  reference  to  any  special  set  of  their 
data  has  become  difficult  from  the  many  forms  in  which  the  same  results 
have  been  in  different  places  reproduced — yet  we  do  not  regret  to  find 
them  here  arranged,  ready  to  the  hand  and  eye  of  the  student  of  naval 
iron  architecture  or  the  practical  shipbuilder.  Both  will  find,  besides 
these  numerical  data,  a  great  deal  of  highly  useful  practical  information 
and  remark,  as  to  the  judgment,  choice,  and  methods  of  putting  together 
iron  in  ship  structures. 

There  are  a  few  strange  errors  that  have  met  our  eye — none,  how- 
ever, gravely  affecting  anything  advanced  by  the  author.  Thus,  for 
example,  at  p.  25 — "  Mr.  Mallet  has  introduced  from  Tredgold  a  new 
coefficient  of  strength  called  '  the  modulus  of  resilience]  of  considerable 
importance  in  these  inquiries.  This  coefficient  gives  the  dynamic  resist- 
ance to  rupture,  or  foot-pounds  of  work  done  in  rupturing  the  material. 
This  may  be  estimated  with  sufficient  accuracy  by  multiplying  the 
breaking  weight  in  pounds  by  half  the  ultimate  elongation."  Here  is  the 
most  curious  confusion.  Mr.  Mallet's  coefficient,  employed  by  him  in 
his  paper,  read  before  the  "Institution  of  Civil  Engineers,"  and  published 
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in  Minutes  of  Proceedings  (vol.  xviii.),  was  a  mollification  or  improve- 
ment of  the  coefficients  Te  and  Tr  of  Poncelet,  such  as  to  admit  of  the 
"work  done"  in  the  distortion  or  rupture  of  a  solid  being  expressed  in 
foot-pounds  or  foot-tons,  per  unit  of  sectional  area.  It  has  been  since 
extensively  employed,  and  notably  by  the  Special  Plate  Committee  in 
its  (still  unpublished,  we  regret  to  say)  reports.  But  Treilgold  knew 
nothing  about  it;  indeed  the  mathematical  treatment  of  "work"  was  not 
known  correctly  in  his  day,  while  the  "  modulus  of  resilience  "  is  a 
term  devised  by  Dr.  Young,  and  used  by  him  for  a  totally  different 
thing. 

Again,  there  is  a  statement  at  page  30,  that  "the  rate  of  elongation 
of  iron  bars  increases  with  their  decrease  of  length"  which,  we  hesitate 
not  to  say,  requires  to  be  accepted  with  much  caution,  and  which  we 
do  not  admit  the  data  given  in  table  8,  from  which  it  professes  to  be 
deduced,  as  at  all  sufficient  to  sustain.  However,  those  or  suchlike 
"  sun  spots"  do  not  detract  from  the  general  value  of  the  work. 

There  are  several  chapters  on  armour  plate  and  artillery  questions, 
and  for  the  same  reasons  that  we  have  already  expressed  as  regards  the 
corresponding  chapters  iu  Mr.  Russell's  work,  we  wish  these  had  been 
omitted  here. 

The  artillery  and  armour  plate  question  is  one  so  big — involves  so 
many  considerations,  reference  to  such  a  mass  of  data,  so  complete  and 
facile  a  knowledge  of  dynamics  and  of  other  branches  of  exact  science, 
all  of  a  rigid  order — that  it  is  quite  matter  for  special  treatises  of  its 
own  ;  and  every  one  of  those  partial  glances  at  it,  is  only  involving  the 
subject  in  more  or  less  of  temporary  obscurity. 

Nor  in  very  truth  does  armour  plating  directly  and  necessarily  con- 
stitute a  part  of  iron  naval  architecture,  viewed  as  an  art  of  construc- 
tion. The  subject  appears,  however,  to  possess  a  sort  of  fascination  for 
writers,  just  as  the  thundering  experiments  themselves  of  iron  against 
iron  at  Shoeburyness  draw  spectators  from  every  remote  or  near  region. 
Besides,  the  subject  is  as  yet  quite  immature  for  S3'stematic  writing  upon 
it.  In  proof  of  this,  we  need  but  refer  to  the  statements  tabulated  at 
pp.  176  to  178,  where  some  experiments  of  penetration  are  compared 
with  the  results  of  calculation  by  an  empirical  formula,  adduced  for 
determining  penetration.  Here  we  find,  table  1,  the  errors  between 
experiment  and  formula,  for  four  experiments  only,  set  down  as  +  yy 
—  Jj-  —  -j-g-j-  and  —  -jlj-;  discrepancies  so  enormous,  and  in  opposite 
directions,  as  to  prove  that  the  formula  has  been  deduced  from  far  too 
small  a  base,  and  is  utterly  untrustworthy.  This  is  confirmed  by 
table  2,  where  we  have  the  differences  on  six  experiments  between 
the  penetration  thickness,  by  formula  and  by  actual  experiment,  set 
down  as  follows,  viz.  :  — 

Gun.                                    By  Formula.                      By  Experiment. 

Wall  piece, 0-81  0-8 1  This  is  the  basis. 

12-pounder, 2-72  2-50 

12         "       2-63  200 

70         "       509  4-00 

120         "       6-20  450 

120         "       617  450 

Here  discrepancies,  such  as  those  in  the  second  and  following  pairs,  are 
sufficient  to  throw  distrust  on  all.  In  fact,  the  dogma  announced  first, 
we  believe,  by  the  Special  Plate  Committee,  that  the  resistance  of 
iron  plates  to  being  penetrated  by  shot  varies  as  the  square  of  the 
thickness  of  the  plate,  upon  which  Mr.  Fairbairn's  formula  is  based, 
is  demonstrably  untrue.  It  would  be  better  to  let  the  subject  alone 
until  better  experiments  than  any  yet  made,  better  in  a  scientific  sense, 
have  been  made  ;  and  then  it  is  no  disrespect  to  Mr.  Fairbairn,  no  indis- 
position to  fully  acknowledge  his  ability  and  the  merits  of  his  many  and 
valued  labours,  if  one  say  that  their  discussion  will  need  a  different 
manner  of  man  to  reduce  them  to  order  and  formula. 

The  work  ends  with  a  long,  and  in  several  respects  useful,  mathe- 
matical chapter  by  Mr.  Tate,  on  the  laws  of  strain  and  resistance  in 
solids,  simple  and  compound,  in  relation  to  the  general  subject.  So  far 
as  it  goes,  it  is  a  valuable  contribution,  and  completes  the  book  as  a 
handy  one  of  practical  reference ;  but  it  still  leaves  very  much  to  be 
desired  on  this  branch  of  the  subject.  In  fact  no  one,  unless  it  be 
Professor  Rankine,  has  so  much  as  attempted  to  grapple  with  the  com- 
plex and  difficult  problems  of  the  strains  on  and  resistance  of  iron  ships, 
viewed  as  one  system  or  whole. 


The  Ikon- Shipbuilders',  Engineers',  and  Ikon -Merchants' 
Guide  and  Assistant.  By  Burlinson  and  Simpson.  London  : 
M'Corquodale  &  Co.     1865.     Pp.  219. 

The  volume  we  have  before  us  is  perhaps  the  most  extended  in  its  way 
of  the  numerous  similar  works  that  almost  yearly  appear  from  the  hand 
of  some  one  or  other  individual  engaged  in  those  pursuits  which  daily 
practice  in,  renders  some  such  assistance  necessary,  on  account  of  the 
saving  of  time  effected  by  the  facility  of  arriving  at  a  numerical  result 
without  going  through  the  array  of  figures  necessary  in  most  instances 
to  perform  a  calculation.  We  may,  we  believe,  safely  say  that  as  a 
single  table  of  the  weight  of  iron  plates  it  has  the  greatest  range  of  any 
yet  published,  besides  being  most  minute  in  intermediate  detail — by 
which  we  mean  that  it  contains  the  weight  of  every  size  of  plate  used, 
from  1  ft.  x  6  in.  x  £  in.  to  10  ft.  x  5  ft.  x  1  in.  We  cannot  help 
thinking  it  a  great  pity  that,  whilst  the  authors  had  expended  so  much 
time  in  producing  so  complete  a  table  of  weights  of  the  material  in  one 
form,  they  should  have  left  off  their  work  in  the  middle,  by  omitting  to 
add  others  of  equally  as  much  import,  viz.,  those  relating  to  bars,  angle 
irons,  and  other  sections,  as  well  as  rivets,  &c.  Nevertheless,  we  can 
recommend  the  book  as  the  most  complete  in  its  way  to  the  class  for 
which  it  is  designed;  and  venture  to  hope  that,  in  return  for  the 
immense  labour  involved  in  performing  the  no  less  number  than  154,453 
separate  calculations,  it  may  be  found  a  valuable  office  accompaniment. 
We  can  but  add  that  the  tables  are  printed  in  clear  and  neat  type,  upon 
strong  paper,  evidently  intended  to  endure  the  rough  and  ready  usage 
it  is  likely  to  receive. 


The    Stocktakers'   Assistant    and    Office   Companion.      By 
James  Paris.     Glasgow.     Pp.  136. 

This  is  a  much  smaller  work  than  the  one  previously  considered, 
although  we  are  free  to  remark  that,  in  some  points  wherein  we  found 
the  other  deficient,  the  author  of  the  present  work  has  added  much 
information  in  a  small  space  by  the  introduction  of  rules  so  simplified 
that  a  mere  tyro  in  numbers  can  apply  them.  In  addition  to  the 
weights  of  plates  rectangular  and  round,  others  are  added  showing  the 
area  of  any  rectangular  plate,  as  well  as  numerous  others  capable  of 
very  varied  application,  at  once  useful  to  the  stocktaker,  ironmaster,  or 
user,  as  well  as  the  metallurgist.  The  work  is  beautifully  printed,  and 
certainly  some  credit  is  due  both  to  the  author  as  well  as  his  printer. 

CORRESPONDENCE. 


'  We  do  not  hold  ourselves  responsible  for  the  views  or  statements  of  our 
Correspondents. 


CAPTAIN  NORTON'S  CAST-IKON  OVAL-BORED  GUN. 
(To  the  Editor  of  the  Practical  Mechanic's  Journal.') 

Sir — In  sending  further  remarks  on  my  cannon,  I  may  observe  that  it  can  be 
cast  of  any  metal  or  any  combination  of  metals,  so  that  the  Turks,  Chinese,  and 
Japanese  can  easily  cast  them.  The  late  General  Jacob  very  justly  remarked  that 
the  cause  of  Lancaster's  guns  bursting  in  the  early  trials  was  due  to  the  shot  being 
cast  to  mechanically  fit  the  bore  of  his  gun,  so  that,  meeting  with  any  obstruction 
in  its  passage  arising  from  a  slight  alteration  in  its  position,  it  acted  like  a  cam 
and  burst  the  gun.  This  cannot  take  place  with  my  shot;  which,  being  hollow  at 
the  base,  like  the  lotus  pith  base  of  the  Malay  dart,  moulds  itself  at  that  part:  viz., 
the  edge  of  the  base  to  the  form  of  the  bore  of  the  gun,  and  thus  imparts  rotation 
to  the  longer  axis  of  the  shot.  I  borrowed  this  idea  in  forming  my  rifle  shot  after 
the  manner  of  the  Malay  tube-dart,  as  far  back  as  1818. 

I  think  these  remarks  will  be  of  use  to  your  next  Journal. 

I  remain,  yours  very  truly, 

J.  NORTON. 


November,  1865. 


PROCEEDINGS    OF   SCIENTIFIC    SOCIETIES. 


MANCHESTER  LITERARY  AND  PHILOSOPHICAL  SOCIETY. 

October  3,  1865. — "On  the  Internal  Heat  of  the  Earth  as  a  Source  of 
Motive  Power,"  by  Mr.  George  Greaves,  M.R.C.S. 

It  has  been  very  generally  admitted  that  coal  will  not  cease  to  be  furnished 
because  of  the  exhaustion  of  the  stores  of  the  mineral  now  existing  in  the  coal 
measures ;  and  further,  that  the  obstacles  to  the  continued  working  of  the  mines 
will  not  be  engineering  difficulties.  The  increased  depth  from  which  the  coal  will 
have  to  be  brought  may  add  to  the  cost,  but  at  that  increased  cost  it  will  still  be  for 
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a  long  time  obtainable.  The  author  considered  the  real  insurmountable  obstacle  to 
be  the  high  temperature  of  the  lower  portions  of  the  carboniferous  strata.  That 
temperature  had  been  shown  to  be  at  a  depth  of  4000  feet  at  least  120°  Fahr.,  a 
degree  of  heat  in  which  human  beings  cannot  exist  for  any  length  of  time,  much 
less  use  any  exertion.  It  had  occurred  to  the  author  to  inquire  whether  the  very 
agency  which  will  prevent  the  continued  supply  of  fossil  fuel  might  not  be  made 
the  means  of  rendering  that  supply  unnecessary — whether,  in  short,  the  internal 
heat  of  the  earth  might  not  to  some  extent  be  utilized.  One  or  two  modes  of 
doing  this  had  presented  themselves  to  his  mind.  One  of  these  might,  he  conceived, 
be  the  direct  production  of  steam  power  by  bringing  a  supply  of  water  from  the 
surface  in  contact  with  the  heated  strata  by  means  of  artesian  borings  or  otherwise. 

October  31,  1865. — The  following  communication  from  Sir  J.  F.  W.  Herschel, 
Bart.,  M.A.,  D.C.L.,  F.R.S.,  &c,  honorary  member  of  the  Society,  was  read  by  Mr. 
Baxendell : — 

Collingwood,  October  18,  18G5. 

In  the  printed  proceedings  of  the  ordinary  meeting  of  the  society  on  the  3rd  inst.j 
I  observe  a  notice  of  a  paper  by  Mr.  Greaves,  "  On  the  Internal  Heat  of  the  Earth 
as  a  Motive  Power,"  in  which  the  high  temperature  of  the  carboniferous  strata,  at  the 
depth  of  4000  feet  (120°  Fahr.),  is  spoken  of  as  likely  to  oppose  an  insuperable 
obstacle  to  the  extraction  of  coal  from  that  depth.  On  reading  this  it  occurred  to 
me  that  by  employing  condensed  air,  conveyed  through  conducting  pipes,  as  a  mode 
of  working  machinery  at  that  depth — provided  the  air  immediately  on  its  conden- 
sation, and  before  its  introduction  into  the  pit,  were  drained  of  the  heat  developed 
in  the  act  of  condensation  by  leading  it,  in  pipes  exposing  a  large  external  surface, 
through  a  sufficiently  large  supply  of  cold  water  (or  in  winter  time  of  snow) — the 
workings  below  might  be  sufficiently  reduced  in  temperature  by  the  re-expansion  of 
the  air  on  its  escape,  when  given  out  below  in  the  act  of  working  the  machinery,  to 
admit  of  workmen  remaining  there  in  comfort;  at  the  same  time  that  ventilation 
would  be  supplied. 

If  you  think  that  this  suggestion  would  be  worthy  the  notice  of  the  author  of  the 
paper  referred  to,  or  of  those  members  of  the  society  who  may  have  been  present  at 
its  reading,  or  in  any  other  way  available,  it  is  quite  at  your  service  for  that  purpose. 

P.S. — Water  at  120°  Fahr.,  or  even  much  higher,  would,  I  fear,  afford  but  an 
inefficient  moving  power,  unless  some  means  could  be  devised  (without  the  expense 
of  more  power  than  the  gain  expected)  of  concentrating  the  heat  of  a  large  quantity 
of  warm  water  into  a  smaller.  This  might  perhaps  be  done  through  the  interven- 
tion of  air  alternately  rarefied  and  condensed. 

Mr.  Biuney,  F.R.S.,  F.G.S.,  said  that  at  the  present  time  little  is  known  as  to  the 
difficulties  we  should  experience  in  working  coal  mines  at  a  depth  of  4000  feet  from 
the  surface.  The  exact  increase  of  temperature  in  deep  mines  is  not  by  any  means 
well  ascertained.  All  we  can  say  is  that  no  great  difficulties  have  been  found  in 
working  at  a  depth  of  2100  feet.  It  must  always  be  borne  in  mind  that  the  deeper 
a  mine  is  the  greater  will  be  the  natural  ventilation,  that  is,  the  curreut  caused  by 
the  air  of  the  mine,  at  say  a  temperature  of  80°  Fahr.,  ascending  the  upcast  shaft, 
while  the  air  at  the  surface,  of  40°,  descends  by  the  downcast  shaft.  No  doubt  a 
mine  might  be  cooled  by  the  expansion  of  compressed  air,  but  it  could  not,  so  far 
as  at  present  known,  be  done  economically.  In  most  deep  mines  a  considerable 
cooling  of  the  air  takes  place  by  the  expansion  of  the  compressed  gas  (light  car- 
buretted  hydrogen)  as  it  escapes  from  the  coal,  where  it  has  been  long  imprisoned 
under  great  pressure;  and  this  has  not  always  been  allowed  for  by  observers  of 
temperature  in  such  places.  In  newly-opened  mines  this  pent-up  gas  forces  off 
huge  pieces  from  the  face  of  the  coal,  and  it  sometimes  makes  a  noise  like  water 
rushing  over  a  weir.  In  sinking  a  deep  shaft  at  Wigan  some  years  since,  the  com- 
pressed gas  in  the  coal  forced  up  about  four  yards  of  strong  bind  and  made  its  way 
through  it  into  the  shaft.  The  rising  of  the  roof  of  the  coal  as  the  shaft  approaches 
it,  is  well  known  to  sinkers  in  deep  and  newly-opened  coal  fields. 

Sir.  Edward  Hull,  F.G.S.,  exhibited  some  etchings  of  caves,  fissures,  and  isolated 
rocks  on  the  coast  of  Cantyre,  intended  to  illustrate  three  classes  of  phenomena 
belonging  to  the  raised  beach  and  coast,  known  as  "the  30-feet  beach,"  from  the 
fact  that  its  mean  elevation  is  about  30  feet  above  the  present  tides.  This  raised 
beach  has  been  described  by  several  authors,  from  Mr.  Smith,  of  Jordan  Hill  (183G), 
downwards,  and  is  part  of  the  same  beach  which  has  been  traced  all  along  the 
western  coast  of  Scotland,  and  the  vestiges  of  which  remain  in  a  state  of  remarkable 
freshness  to  the  present  day. 


MICROSCOPICAL    SFXTION. 

October  16,  1865. — Mr.  Sidebotham  read  H  Notes  on  Atlantic  Soundings." 
He  said  that  in  the  unsuccessful  attempt  made  to  raise  the  Atlantic  Cable  after 
it  had  unfortunately  parted,  the  ropes  and  grapnels  brought  up  from  the  bottom 
small  portions  of  ooze  or  mud,  some  of  which  was  scraped  off  and  preserved,  as 
stated  at  the  time  in  the  newspapers.  Believing  that  a  careful  examination  of  this 
deposit  might  prove  of  considerable  interest,  he  wrote  on  the  subject  to  Dr.  Fair- 
bairn,  who,  after  considerable  trouble,  obtained  for  him  a  fine  sample,  mounted 
specimens  of  which  he  now  presented  for  the  cabinet  and  to  each  member  of  the 
Section.  In  appearance  the  deposit  resembles  dirty  chalk,  and  under  the  micro- 
scope reminds  one  much  of  the  chalk  from  Dover;  indeed,  it  has  all  the  appearance 
of  being  abt?d  of  chalk  in  process  of  formation.  It  is  composed  entirely  of  organisms, 
chiefly  in  fragments.  In  the  short  examination  he  had  made,  he  observed  several 
forms  which  give  promise  of  interesting  results,  and  he  thought  it  would  be  desirable 
to  frame  a  complete  list  of  the  species  found,  which  would  be  best  accomplished  by 
two  or  three  members  taking  temporary  possession  of  all  the  slides,  and  preparing 
a  report  on  their  united  observations.  The  sample  now  distributed  was  obtained, 
at  Dr.  Fairhairn's  request,  by  Mr.  Saward  from  Mr.  Temple,  one  of  the  engineering 
staff,  who  states  that  it  was  got  in  grappling  for  the  Cable,  August  11,  I860,  lat. 
51°  25'  15"  N..  long.  38°  59'  W. 


INSTITUTION  OF  MECHANICAL  ENGINEERS. 

The  last  general  meeting  of  the  members  was  held  in  the  Lecture  Theatre  of 
the  Midland  Institute,  Birmingham,  Henry  Maudslay,  Esq.,  Vice-President,  in 
the  chair. 

The  first  pnper  read  was  by  Mr.  William  Naylor,  of  London;  "On  an  improved 
Safety  Valve  for  Steam  Engine  Boilers,"  the  object  of  which  is  to  prevent  the 
steam,  whilst  blowing  off  through  the  safety  valve,  from  rising  in  pressure  beyond  the 
limit  to  which  the  valve  is  adjusted.  The  valve  is  loaded  by  a  spring  acting  through 
a  lever,  one  end  of  the  lever  bearing  upon  the  valve,  while  the  other  end  is  bent 
down  out  of  the  straight  line  to  such  an  extent  that  the  point  of  attachment  of  the 
spring,  instead  of  being  in  the  same  straight  line  with  the  bearing  points  of  the 
valve  and  the  centre  pin,  is  at  an  angle  of  fifty-five  degrees  to  that  line;  and, 
therefore,  when  the  valve  is  lifted  by  the  steam  pressure,  the  depression  of  the  tail 
end  of  the  lever  causes  the  effective  leverage  at  which  the  spring  acts  to  be  shortened, 
simultaneously  with  the  extension  of  the  spring.  Hence  the  increased  pressure  of 
the  spring,  consequent  upon  its  extension  by  the  lifting  of  the  valve  when  blowing 
off,  may  be  entirely  counteracted  by  the  shortening  of  the  leverage  at  which  it  acts; 
and  in  practice  the  bent  form  of  the  tail  end  of  the  lever  is  so  adjusted  that,  when 
the  valve  lifts  by  the  steam  blowing  off,  the  load  upon  the  valve  is  actually  dimin- 
ished, notwithstanding  the  increase  of  pressure  of  the  spring.  With  the  ordinary 
safety  valves,  on  the  contrary,  loaded  with  levers  and  spring  balances,  the  whole 
increased  pressure  of  the  spring  is  thrown  upon  the  valve  in  lifting,  and  the  increase 
in  the  boiler  pressure  sometimes  reaches  a  very  serious  amount.  Even  a  dead 
weight  upon  the  valve,  as  in  stationary  and  marine  boilers,  allows  of  considerable 
increase  of  boiler  pressure  when  the  steam  is  blowing  off.  It  has,  therefore,  become 
necessary  to  devise  some  arrangement  whereby  the  effective  pressure  of  the  spring 
upon  the  valve  may  be  diminished  when  the  steam  is  blowing  off  strongly  ;  and 
this  is  effectually  accomplished  in  the  improved  valve  by  the  bent  lever  upon  which 
the  spring  acts.  The  improved  valve  is  thereby  enabled  to  lift  to  the  full  extent 
required  for  affording  complete  freedom  to  the  steam  blowing  off,  without  under  any 
circumstances  allowing  the  pressure  of  the  steam  in  the  boiler  to  increase  more  than 
five  per  cent,  beyond  the  limit  at  which  the  valve  is  set  to  blow  off.  At  the  same 
time,  the  valve  closes  again  after  blowing  off  strongly,  without  allowing  any  sensible 
fall  in  the  boiler  pressure  below  that  limit.  The  improved  valve  is  in  use  on  a 
number  of  locomotive  boilers,  and  it  is  accordingly  found  that  a  single  valve  of  only 
two  inches  diameter  gives  the  full  area  for  discharge  of  the  greatest  generation  of 
steam  that  is  possible ;  whilst  with  the  two  large  ordinary  valves  that  are  generally 
used  of  four  inches  or  even  five  inches  diameter,  the  pressure  rises  very  seriously  when 
blowing  off  strongly. 

The  next  paper  was  "  On  an  improved  method  of  Taking  Off  the  Waste  Gas 
from  Open-topped  Blast  Furnaces,"  by  Mr.  George  Addenbroke,  of  Darlaston. 
An  explanation  was  given  of  the  principles  which  have  to  be  kept  in  view  in  utiliz- 
ing the  waste  gas  from  blast  furnaces,  and  the  advantages  of  the  open-topped 
system  over  the  close-topped  were  pointed  out,  together  with  the  objections  that 
have  been  experienced  in  previous  plans  of  taking  off  the  waste  gas  from  open- 
topped  furnaces.  The  plan  now  carried  out  for  more  than  a  year  past  by  the 
writer  at  the  Rough  Hay  Furnaces,  Darlaston,  consists  in  forming  a  ring  of  openings 
in  the  wall  of  the  furnace  all  round  the  neck,  at  a  depth  of  only  four  feet  below  the 
furnace  top,  through  which  the  gas  is  drawn  off  by  the  suction  of  a  chimney  into 
an  external  flue  surrounding  the  neck  of  the  furnace,  whence  the  descending  gas 
main  conveys  the  gas  to  the  steam-boilers  and  hot-blast  stoves,  where  it  is  consumed. 
The  gas  openings  are  formed  by  a  series  of  cast-iron  segments  or  boxes,  built  into 
the  wall  of  the  furnace  flush  with  the  lining,  each  casting  having  an  inclined  open- 
ing through  it  one  foot  high,  sloping  upwards  and  outwards  into  the  neck  flue. 
The  materials  in  the  furnace  mouth  are  kept  charged  up  to  about  3^  feet  above  the 
top  of  the  gas  openings  in  ordinary  working;  and  the  opening  of  the  gas  valve 
which  covers  the  descending  gas  main  is  so  regulated  that  under  no  circumstances 
is  the  whole  of  the  waste  gas  drawn  off  from  the  furnace,  but  there  is  always  a 
small  quantity  of  gas  escaping  through  the  materials  above  the  gas  openings,  and 
burning  out  at  the  top  of  the  furnace.  This  precaution  is  necessary  to  prevent  the 
risk  of  any  air  being  drawn  down  by  the  chimney  through  the  materials  in  the 
furnace-top;  and  also  in  order  to  insure  the  due  preparation  of  the  materials 
charged,  by  drying  and  warming  them  in  the  furnace-top  before  they  descend 
lower  into  the  furnace.  At  the  same  time  all  excess  of  gas  produced  by  the 
furnace  beyond  the  quantity  drawn  off  through  the  gas  openings  escapes  with 
perfect  freedom  at  the  furnace  mouth,  the  same  as  in  the  present  ordinary 
open-topped  blast  furnaces  where  the  waste  gas  is  not  utilized.  In  the  first 
trial  of  this  plan  the  gas  openings  were  constructed  only  of  two-inch  plates, 
as  a  temporary  expedient  by  way  of  trial;  but  notwithstanding  that  they  were 
exposed  to  a  very  severe  ordeal,  by  the  materials  in  the  furnace  throat  being 
on  one  occasion  at  a  red  heat  for  two  days,  from  the  furnace  failing  to  "  drive," 
these  openings  remained  in  sufficiently  good  order  to  last  more  than  a  year  in  regular 
working.  The  strong  castings  that  are  now  adopted  for  the  gas  openings,  of  which 
a  full  size  model  was  exhibited,  are  expected  to  last  for  many  years,  and  probably 
as  long  as  the  lining  of  the  furnace.  The  advantages  found  to  be  obtained  from 
this  plan  of  taking  off  the  waste  gas,  after  the  experience  of  upwards  of  a  year's 
practical  working  at  the  Rough  Hay  Furnaces,  are  that  it  is  very  satisfactory  as  to 
yield,  and  there  is  greater  regularity  in  make  of  iron,  in  consequence  of  there  being 
fewer  stoppages,  whence  also  there  is  an  important  saving  in  wages.  From  the 
great  strength  of  the  castings  forming  the  gas  openings,  and  their  advantageous 
situation,  flush  with  the  inside  of  the  lining  instead  of  having  any  portion  of  the 
gas  apparatus  projecting  into  the  furnace,  next  to  no  repairs  are  required;  and  there 
is  no  wear  and  tear  from  the  shocks  of  every  barrow  load  of  materials  charged, 
which  do  so  much  damage  to  a  cylinder  carried  upon  brick  arches  or  a  bell  suspended 
in  the  furnace  throat.  The  whole  height  of  the  furnace  throat  is  left  free  for  charging, 
which  is  equivalent  to  giving  additional  height  to  the  furnace  in  comparison  with 
other  modes  of  taking  off  the  gas;  while  there  is  also  the  convenience  of  being  able 
at  any  time  to  burn  any  portion  or  even  the  whole  of  the  gas  at  the  open  furnace 
top  without  doing  any  damage.  The  whole  of  the  gas  apparatus  is  of  very  simple 
construction;  and  being  all  placed  below  the  charging  platfonn,  it  is  much  cooler 


December  1,  1S65. 


THE   PRACTICAL   MECHANIC'S  JOURNAL. 


281 


and  more  free  for  the  men  to  get  at.  From  the  large  area  of  the  gas  openings  and 
neck  fluer  which  allows  the  dust  to  be  for  the  most  part  deposited  in  the  neck  flue, 
the  gas  apparatus  is  less  liable  to  become  foul ;  and  the  neck  flue  can  be  cleaned 
with  the  greatest  ease  whenever  required,  by  means  of  doors  provided  for  the  purpose. 

The  third  paper  was  a  u  Description  of  a  Gun-metal  Tuyere  for  Blast  Furnaces," 
by  Mr.  N.  Neal  Solly,  of  Willenhall.  The  ordinary  cast-iron  and  wrought-iron 
tayeres  at  present  in  universal  use  for  blast  furnaces  are  both  attended  with  the 
same  defect,  namely,  that  after  they  have  have  been  at  work  a  comparatively  short 
time,  the  melted  iron  of  the  furnace  mixed  with  cinder  accumulates  all  round  the 
nose  of  the  tuyere  and  adheres  to  it,  or  in  technical  language  the  tuyere  "  irons ;  " 
and  this  increases  to  such  an  extent  as  to  require  the  tuyere  to^  be  taken  out  and 
changed,  an  operation  requiring  much  labour  and  time.  The  new  tuyere  is  made 
in  a  single  casting  of  gun-metal,  an  alloy  of  copper  with  a  small  proportion  of  fin  and 
spelter;  and  as  copper  has  no  affinity  for  iron,  no  iron  from  the  furnace  becomes  at- 
tached to  the  nose  of  the  gun-metal  tuyere,  however  long  a  time  it  may  have  been  in  the 
furnace.  In  fact,  the  gun-metal  tuyere  never  "irons,"  andr  therefore,  rarely  requires 
to  be  taken  out  or  changed.  The  general  form  of  the  ordinary  wrought-iron  tuyere 
has  been  adopted  for  the  gun-metal  tuyere;  and  in  order  to  insure  keeping  the  nose 
of  the  tuyere  properly  cool  in  working,  an  ample  supply  of  cold  water  is  constantly 
maintained  to  the  tuyere,  and  the  supply  water  pipe  is  carried  forwards  inside  the 
tuyere  to  within  a  few  inehes  of  the  tuyere  nose.  The  first  gun-metal  tuyere  was 
put  to  work  by  the  writer  at  the  Willenhall  Furnaces  more  titan  nine  months  ago, 
and  has  been  at  work  ever  since  until  a  few  days  ago,  when  it  was  purposely  taken 
out,  and  found  to  remain  in  complete  working  order.  This  tuyere  was  exhibited  to 
the  meeting,  together  with  a  second  gun-metal  tuyere  of  slightly  different  pattern, 
which  had  been  at  work  for  three  months  without  being  once  taken  out,  and  was  in 
perfect  condition;,  and  also  an  ordinary  wrought-iron  tuyere,  which  had  required  to  be 
taken  out  after  only  three  days'  work,  in  consequence  of  the  nose  having  "  ironed  " 
badly.  A  specimen  was  also  exhibited  of  a  gun-metal  tuyere  slotted  open  down  the 
centre,  to  show  the  thickness  of  metal  that  is  adopted,,  of  half  an  inch  at  the  end, 
and  three-eighths  of  an  inch  in  the  sides.  By  the  use  of  the  gun-metal  tuyeres  the 
saving  of  time  and  labour  in  tuyering  is  so  great  that  the  length  of  time  of  the 
blast  being  off  the  furnace  at  casting  time  is  shortened  as  much  as  half  an  hour  at 
every  casting  time,  as  compared  with  the  time  when  the  ordinary  wrought-iron 
tuyeres  are  used,  the  gun-metal  tuyeres  being  readily  changed  in  only  a  quarter  of 
an  hour,  instead  of  three-quarters  of  an  hour ;  there  is  accordingly  an  important 
saving  in  fuel  and  wages  with  the  gun-metal  tuyeres.  An  important  practical 
advantage  of  the  gun-metal  tuyeres  in  working  is  that  the  aperture  of  the  tuyere 
retains  always  its  full  size  of  opening,  in  consequence  of  the  entire  freedom  of  the 
tuyere  from  any  accumulation  of  material  on  the  nose ;  whereas  the  ordinary  iron 
tuyere  requires  frequent  pricking  with  a  rod  to  keep  the  orifice  of  the  tuyere  open 
for  the  passage  of  the  blast,  and  the  aperture  is  constantly  varying  in  size,  neces- 
sarily interfering  with  the  uniformity  of  the  blast.  In  consequence  of  its  superiority 
in  this  respect,  the  gun-metal  tuyere  admits  of  being  itself  employed  direct  as  the 
blast  nozzle,  the  aperture  of  the  tuyere  being  bored  out  truly  cylindrical  for  a  few 
inches  length  from  the  nose,  while  the  extremity  of  the  blast  pipe  is  inserted  into 
the  back  end  of  the  tuyere  and  secured  with  fireclay  stopping. 

It  was  announced  that  the  annual  meeting  of  the  Institution  for  next  summer 
would  be  held  in  Manchester  in  the  beginning  of  August. 

The  meeting  then  terminated. 


MANCHESTER   ASSOCIATION    FOR   THE    PREVENTION    OF   STEAM 
BOILER  EXPLOSIONS. 


CHIEF  ENGINEER'S  MONTHLY  REPORT— OCTOBER,  1865. 

At  the  last  ordinary  monthly  meeting  of  the  executive  committee  of  this  Associa- 
tion, held  on  Tuesday,  October  31st,  1865,  the  chief  engineer  presented  his  report, 
of  which  the  following  is  an  abstract : — 

"  During  the  last  two  months  550  engines  have  been  examined,  and  998  boilers, 
and  14  of  the  latter  tested  by  hydraulic  pressure.  Of  the  boiler  examinations,  746 
have  been  external,  27  internal,  and  225  entire.  In  the  boilers  examined,  282 
defects  have  been  discovered,  3  of  those  drfects  being  dangerous. 

"  As  none  of  the  defects  call  for  special  or  immediate  notice,  the  consideration 
of  explosions  that  have  occurred  since  the  issue  of  the  last  report  may  be  at  once 
entered  upon. 

"  On.  the  present  occasion  six  explosions  have  to  be  reported,  by  which,  five  persons 
have  been  killed,  and  six  others  injured.  Not  one  of  these  explosions  occurred  to 
boilers  under  the  inspection  of  this  Association.  The  scene  of  catastrophe  in 
three  instances  was  visited ;  and  in  the  fourth  a  careful  report  has  been  presented, 
accompanied  with  a  sketch  and  photograph,  from  an  engineer  residing  near  to  the 
spot,  and  who  made  a  personal  examination  a  few  days  after  the  explosion  occurred. 
Of  the  remaining  two  explosions  correct  particulars  are  not  yet  furnished,  which  it 
is  generally  very  difficult  to  obtain,  unless  a  personal  examination,  is  made,  since  the 
statements  in  ordinary  reports  are  so  thoroughly  unreliable. 

"No.  30  explosion  occurred  at  about  a  quarter  before  six  o'clock  on  the  evening 
of  Monday,  August  28th,  at  an  ironworks.  Fortunately,  no  one  was  killed  by  this 
explosion,  and  though  six  persons  were  hurt,  their  injuries,  except  in  two  cases, 
were  very  slight. 

"  The  boiler,  which  was  not  under  the  inspection  of  this-  Association,  was  of 
cylindrical  construction,,  with  elliptical  ends  and  an  internal  return  horse-shoe-shaped 
flue.  It  was  externally  fired,  having  a  furnace  underneath  it  at  one  end,  the  flames 
from  which  first  passed  beneath  the  bottom  of  the  shell  and  then  through  the  return 
horse-shoe-shaped  flue  to  the  stack.  It  was  26  feet  long,  10  feet  in  diameter,  and 
made  of  plate?  5ths  of  an  inch  in  thickness,  while  the  usual  working  pressure  was 
18  lbs.  on  the  square  inch. 

M  The  boiler  was  rent  into  three  pieces.  One  of  these  consisted  of  the  front 
elliptical  end,  and  was  blown  to  a  distance  of  about  fifty  yards.  The  second  con- 
sisted of  a  ring  section  of  the  shell,  four  plates  in  width,  which  had.  rent  longitudi- 
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nally  and  opened  out  into  a  sheet,  and  was  thrown  to  a  distance  of  about  fourteen 
yards  ;  while  the  third  comprised  the  remainder  of  the  shell  with  the  internal  flue 
tube-  This,  although  turned  upside  down,  still  lay  on  the  original  brickwork 
seating. 

"With  regard  to  the  cause  of  the  explosion,  the  primary  rent  took  place  at  the  bottom 
of  the  boiler  over  the  fire,  where  some  tf  the  longitudinal  seams  hjd  been  repeatedly 
repaired,  and  ran  in  line  for  four  widths  of  plate.  The  principle  of  external  firing, 
especially  with  boilers  of  so  large  a  diameter  as  the  one  in  question,  is  radically  bad. 
The  plates  over  the  furnace  are  subjected  not  only  to  the  impingement  of  the  flames, 
but  also  to  the  disruptive  strain  caused  by  the  pressure  of  the  steam,  the  weight  of 
the  boiler,  and  the  water  within  it,  while  any  sediment  the  water  may  contain  is  sure 
to  find  its  way  to  the  bottom  of  the  boiler,  and  too  frequently  to  lodge  immediately 
over  the  fire.  This  soon  tells  upon  the  seams  of  rivets.  They  begin  to  leak  and 
have  to  be  repaired.  They  leak  again,  and  the  repairs  have*  to  be  repeated.  Chip- 
ping and  caulking  seams  of  rivets  by  no  means  strengthens  them,  and  even  if  new 
plates  are  put  in  it  is  seldom  done  with  such  care  as  not  to  strain  or  injure  the  old 
work;,  when,  as  in  the  present  instance,  in  which  repeated  repairs  had  been  effected, 
rupture  ultimately  takes  place.  In  the  externally  fired  boiler,  the  pressure  of  the 
steam,  which  is  internal,  tends  to  open  every  flaw.  In  the  furnace  flue  of  the  internally 
fired  boiler  the  pressure  of 'the  steam,  which  is  external,  tends  to  close  every  flaw, 
so  that  defects  which  would  lead  to  explosion  in  the  externally  fired  boiler,  would, 
in  the  internally  tired  one,  pass  unnoticed,  and  without  the  slightest  danger.  This 
is  by  no  means  the  first  time  that  these  facts  have  been  called  attention  to  in  these 
reports. 

"No.  3-1  explosion  occurred  at  about  two  o'clock  on  the  morning  of  September 
9th,  on  the  premises  of  a  public  company's  waterworks.  Fortunately,  no  one  was 
killed  or  injured. 

u  The  boiler  was  not  under  the  charge-  of  this  Association,  but  I  took  the  oppor- 
tunity of  examining  it  a  few  days  after  the  explosion  had  occurred,  when  I  found 
that  it  was  of  the  Lancashire,  double-flued,  internally  fired  class,  and  that  the 
explosion  had  resulted  simply  from  failure  of  the  furnace  crowns  from  shortness  of 
water  consequent  on  the  neglect  of  the  fireman.  The  flue  tubes  at  the  furnace  ends 
were  hooped  at  each  of  the  transverse  seams,  and  the  crowns  had  drawn  down  in 
each  furnace  at  the  width  of  plate  just  in  front  of  the  fire-bridge,  the  collapse  being 
confined  by  the  "f-iron  hoops  to  a  single  plate  in  each  furnace. 

"A  sister  boiler  alongside  was  undisturbed,  and  the  damage  done  to  the  sur- 
rounding property  was  quite  immaterial,  which  is  generally  the  case  when  explosions 
arise  from  the  collapse  of  furnace  tubes. 

"  It  will  be  seen  that  the  T~u'on  hoops  had  done  good  service  in  preventing  the 
extension  of  the  collapse,  while  there  was  little  doubt  that  a  good  low-water  safety- 
valve  would  have  prevented  the  explosion  altogether. 

"  No.  32.  explosion,  by  which  one  person,  viz.,  the  watchman,  was  killed  and  two 
others  injured,  occurred  at  about  five  o'clock  on  the  morning  of  Thursday,  September 
14th,  to  a  boiler  which  was  not  under  the  inspection  of  this  Association,  and  which 
was  employed  on  the  works  of  a  dyer  and  calenderer. 

"It  was  an  ordinary  Lancashire  mill  boiler,  having  two  furnace  tubes  and  being 
internally  fired.  Its  length  was  30  feet  6  inches,  its  diameter  in  the  shell  8  feet 
2  inches,  and  in  the  furnace  tubes  3  feet  1  inch,  while  the  thickness  of  the  plates 
varied  from  §ths  to  T7ffths  of  an  inch  in  the  shell,  and  was  j75ths  of  an  inch  in  the 
furnace  tubes.  The  ordinary  working  pressure  was  about  40  lbs.  on  the  square  inch, 
which  is  not  too  high  for  this  class  of  boiler  if  well  made  and  well  kept. 

"  On  visiting  the  works,  shortly  after  the  explosion  had  occurred,  I  found  that 
the  boiler  had  been  reduced  to  a  perfect  wreck.  The  external  shell  was  rent  into 
at  least  five  or  six  pieces,  while  the  furnace  tubes  were  torn  from  the  shell  intact, 
and  both  of  them  thrown  from  their  original  position,  one  of  them  to  a  distance  of 
about  forty  yards,  where  it  fell  upon  the  roof  of  a  building,  which  it  crushed  in, 
bringing  a  considerable  portion  of  one  of  the  walls  also  to  the  ground.  Fortunately, 
the  building  was  empty,  or  the  loss  of  life  must  have  been  considerable.  The  frag- 
ments of  the  shell  were  scattered  in.  every  direction^  one  of  them  being  thrown  as 
much  as  forty-five  yards  from  the  original  seat  of  the  boiler.  A  considerable  por- 
tion of  the  works  was  demolished,  while  the  whole  was  thrown  into  confusion,  and 
one  side  of  an  adjoining  dwelling-house  torn  down. 

11  As  to  the  cause  of  the  explosion  there  can  be  no  question.  The  flues  had  not 
been  in  fault,  neither  had  there  been  any  overheating  of  the  plates  through  short- 
ness of  water,  but  the  explosion  had  arisen  from  the  rupture  of  the  shell  in  conse- 
quence of  the  plates  being  reduced  in  many  places  by  external  corrosion  to  the 
thickness  of  a  sheet  of  paper.  The  boiler  appears  to  have  been  laid  down  about 
eight  years  since,  and  to  have  been  a  cheap  and  inferior  one  to  begin  with.  It  had 
constantly  leaked,  and  had  to  be  repaired,  and  they  were  in  the  habit  of  frequently 
putting  in.  a  barrow -full  of  horse-dung.  It  was  stated  at  the  inquest  that  this  was 
not  done  to  stop  the  leakage,  but  to  soften  the  water;  but  those  who  are  aware  of 
the  general  purpose-  for  which  horse-dung  is  put  into  boilers,  and  also  of  the  con- 
dition in  which  this  one  was,  will  form  their  own  opinion  of  the  object  in  dosing  the 
boiler  in  this  way  at  every  cleaning.  It  was  well  known  to  be  in  an  unsatisfactory 
state,  so  much  so  that  a  boiler-maker  had  been  in  negotiation  to  take  it  out  and 
put  down  a  new  one  in  its  place  last  Whitsuntide*.  This  explosion  is  one  of  those 
due  to  the  most  flagrant  neglect.  Competent  inspection  could  not  have  failed  to 
have  detected  the  corrosion  and  prevenbed  the  catastrophe ;  while  it  maybe  pointed 
out  that  from  the  damage  done  to  surrounding  buildings  it  would  seem  that  those 
who  live  near  to  works  in  which  steam  boilers  are  employed  are  as  much  interested 
in  the  general  adoption  of  periodical  inspection  as  those  in  immediate  attendance  on 
the  boilers.  The  jury  censured  the  owner,  as  well  as  the  engineer  in  charge,  for 
not  having  taken  more  care  of  the  boiler,  but  at  the  same  time  returned  a  verdict 
of  '  accidental  death.' 

"  No  33.  explosion  is  an  additional  proof  that  no  mystery  need  be  attached  to 
the  cause  of  boiler  explosions.  It  occurred  at  about  nine  o'clock  on  the  morning  of 
Tuesday,  September  26th,  at  a  brick  and  tile  manufactory,  and  by  it  one  person 
was  killed,  and  two  others  very  seriously  injured.  The  boiler  in  question  was  not 
under  the  charge  of  this  Association,  but  was  examined  by  myself  at  the  request  of 
the  coroner  a  day  or  two  after  the  explosion  had  taken  place. 

"Tlie  boiler  was  of  a  class  not  generally  made  for  stationary  purposes,  but  for 
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marine,  and  was  of  the  construction  frequently  employed  on  board  steam  tugs.  It 
was  a  second-band  one,  and  had,  it  appeared,  already  seen  service  afloat  before  it  was 
set  to  work  on  shore.  It  was  cylindrical  in  the  shell,  and  fired  internally,  but  the 
flue,  instead  of  going  straight  through  from  the  front  to  the  hack,  as  in  the  ordinary 
1  Cornish '  boiler,  returned  in  a  horse-shoe  shape  to  the  front  end,  and  passed  out 
through  the  bottom  of  the  shell  into  an  underneath  brickwork  flue  leading  to  the 
chimney.  When  these  boilers  are  employed  on  board  steam  vessels  the  return  flue 
passes  out  through  the  top  of  the  shell  by  means  of  an  uptake,  on  which  the  funnel 
is  planted,  so  that  to  adapt  this  boiler  to  stationary  purposes  this  uptake  had  been 
removed  and  exchanged  for  the  downtake  leading  to  the  brickwork  flue  just  men- 
tioned. The  length  of  the  boiler  was  about  13  feet,  the  diameter  5  feet  6  inches, 
and  the  general  thickness  of  plates  about  f-tns  of  an  inch 

"  On  examining  the  fragments  I  found  that  the  boiler  was  rent  into  three  pieces ; 
the  first  of  these,  which  consisted  of  the  furnace  and  return -flue  along  with  the 
front  end  plate,  was  thrown  into  a  pond  at  a  distance  of  30  or  40  yards ;  the 
second,  which  consisted  of  the  first  ring  of  plates  encircling  the  shell  at  the  front 
end,  was  thrown  over  an  adjoining  tile  shed ;  while  the  third,  which  was  thrown 
forward  a  few  yards  only,  comprised  the  back  end  plate,  and  the  remainder  of  the 
cylindrical  portion  of  the  shell.  This  was  rent  transversely  in  a  spiral  direction 
round  and  round  the  boiler.  The  chimney  stack  was  thrown  down  and  the  engine 
buried  beneath  the  ruins. 

"  There  is  no  difficulty  in  accounting  for  this  explosion.  The  boiler  was  badly 
used  and  badly  constructed.  It  had  no  suitable  attendant ;  a  lad  of  fourteen 
years  of  age  only  being  appointed  to  the  post  of  engineer,  but  a  few  hours  before 
the  occurrence  of  the  explosion  by  which  he  was  killed.  The  safety-valve,  it  appeared 
in  evidence  at  the  inquest,  was  loaded  with  three  bricks  lashed  on  to  the  lever  with 
a  cord,  in  addition  to  the  ordinary  ball  weight,  so  that  the  load  amounted  to  100  lbs. 
per  square  inch.  It  is  not  clear,  however,  that  the  steam  was  actually  raised 
to  this  pressure,  since  it  was  stated  that  the  finger  of  the  steam  gauge  indicated 
£>0  lbs.  but  a  minute  before  the  explosion,  and  on  since  testing  the  pressure  gauge 
by  a  mercurial  column,  it  was  found  to  be  practically  correct.  The  boiler,  however, 
was  so  badly  constructed  that  a  pressure  of  50  lbs.  on  the  square  inch  is  quite  suffi- 
cient to  account  for  the  explosion,  as  will  be  seen  from  the  following: — The  return- 
flue  tube  was  oval  in  shape,  measuring  2  feet  0  inches  vertically,  and  1  foot  4  inches 
horizontally.  This  is  a  very  weak  form.  All  furnace  and  flue  tubes  should  be  truly 
cylindrical,  since  any  departure  from  this  shape,  even  though  it  may  not  exceed  one 
or  two  inches,  materially  impairs  their  strength.  This  flue,  however,  departed 
from  the  circular  shape  by  as  much  as  fourteen  inches,  while  it  was  not  of  a  true 
oval,  but  was  flat  or  wall-sided  for  a  height  of"  eighteen  inches  from  the  one 
end  to  the  other.  Also,  the  form  of  the  downtake  was  weak,  one  side  presenting 
a  flat  surface  of  two  feet  six  inches  square,  the  plate  at  that  part  being  only  T5Gths 
of  an  inch  in  thickness.  This  return  flue  had  collapsed,  and  the  plate  of  the 
downtake  had  torn  from  the  shell,  in  consequence  of  which  all  the  other  rents 
previously  referred  to  had  started.  This  boiler,  though  it  might  have  driven  a 
condensing  engine  at  a  pressure  of  about  20  lbs.  per  square  inch,  was  certainly  not 
adapted  to  drive  a  non-condensing  one  at  a  pressure  of  40  lbs.  or  50  lbs.,  so  that 
there  is  no  difficulty  in  accounting  for  this  explosion  when  the  weak  construction  of 
the  boiler  is  considered,  in  conjunction  with  the  reckless  way  in  which  the  safety- 
valve  was  overloaded. 

"  The  Jury  brought  in  a  verdict  of  '  accidental  death,1  but  added  ( that  they  were 
unanimously  of  opinion  that  the  explosiun  would  not  have  happened  if  the  safety- 
valve  had  not  been  loaded  with  bricks,  and  that  the  owner  was  blamable  for  not 
having  a  competent  person  to  look  after  the  boiler.' 

"The  most  lamentable  ignorance  appears  to  exist  among  many  boiler-makers  as 
to  the  correct  principles  on  which  boilers  should  be  made.  The  maker  who  had 
converted  this  boiler  from  a  marine  to  a  stationary  one  could  not  in  any  way  account 
for  the  explosion,  while  a  second  maker  who  had  since  repaired  it  considered  it  per- 
fectly safe.  The  boiler  had  not  been  tested  by  hydraulic  pressure  at  the  time  of  the 
alterations,  and  when  it  was  changed  from  a  low-pressure  service  to  a  high -pressure 
one.  Hud  this  test  been  applied,  the  weakness  of  the  flat-sided  flue  must  have 
manifested  itself,  and  the  explosion  would  have  been  prevented.  Such  reckless 
overloading  of  the  safety-valves,  however,  as  took  place  in  the  present  instance, 
much  jeopardize  the  safety  of  any  boiler,  however  well  constructed." 


THE   LONDON   ASSOCIATION   OF   FOREMEN   ENGINEERS. 

The  usual  monthly  meeting  of  members  of  this  society  took  place  on  the  evening 
of  Saturday,  the  4th  ult.,  and  was  very  numerously  attended.  Mr.  Walker,  secretary, 
filled  the  chair  on  this  occasion,  and  Mr.  Sanson  the  vice  chair.  The  paper  read 
was  one  by  Mr.  Joseph  Newton,  president,  on  "  Foremen  Engineers  and  their 
Associations."  Mr.  Newton  explained  primarily  that  he  had  written  this  paper  at 
a  very  short  notice,  and  in  consequence  of  the  inability  of  Mr.  James  Robertson  to 
fulfil  a  promise  he  had  given  to  continue  his  series  on  the  iron  trade,  until  the 
ensuing  month.  He  also  apologized  for  the  apparently  egotistical  nature  of  his 
subject,  and  then  proceeded  to  say  that  he  had  no  doubt  as  to  the  usefulness  and 
value  of  such  societies  as  their  own,  not  only  to  the  class  of  men  who  were  eligible 
for  ordinary  membership — foremen — but  to  the  classes  immediately  above  and  im- 
mediately below  that  class — employers  and  workmen.  In  order  to  demonstrate  the 
grounds  for  the  faith  he  held,  it  would  be  necessary  to  glance  for  a  moment  at  the 
history  of  mechanical  engineering  during  the  past  half  century,  and  to  endeavour 
to  assign  to  the  foreman  his  true  position  in  regard  to  it.  It  was  not  needful  to 
expatiate  upon  the  wondrous  triumphs  of  mechanism  which  that  period  had  evolved, 
for  they  were  patent,  not  only  to  those  who  had  shared  in  them,  but  to  the  public, 
who  partook  largely  of  the  advantages,  social,  moral,  and  physical,  resulting  from 
their  existence. 

\\  hen  the  advancement  made  in  labour-saving  machinery  was  taken  into  account 
— when  the  locomotive  was  heard  puffing  its  way  across  rivers,  through  tunnels, 
over  mountain  gorges,  and  defying  in  its  onward  course  geological  eccentricities,  and 
the  obstacles  which  nature  appeared  to  have  raised  only  in  order  that  the  God-given 


skill  of  man  might  overcome  them — when  the  noisy  paddle-wheel  and  the  noiseless 
screw  were  seen  propelling  that  marine  locomotive,  the  steamboat,  in  the  teeth,  as 
the  phrase  goes,  of  the  fiercest  gale,  and  over  the  most  stormy  sea — when  the  sharp 
click  of  the  sewing  machine  was  heard  in  the  cottage,  and  one  knew  that  it  was 
ministering  to  the  moral  and  physical  good  of  its  attendant,  as  well  as  to  the  com- 
fort and  convenience  of  all — when  these,  and  a  hundred  other  mechanical  glories 
which  might  be  enumerated  were  considered,  the  engineer  and  the  artisan  might 
well  congratulate  themselves,  and  be  thankful  that  they  had  had  a  share  in  effecting 
them.  "He's  only  a  mechanic!"  was  an  expression  sometimes  used  towards  the 
man  who,  "  week  in,  week  out,"  pursued  his  honest  calling,  and  who  ate  no  bread 
but  that  which  he  toilingly  earned.  Only  a  mechanic!  Why,  where  and  what 
would  England  be  at  this  moment  but  for  its  mechanics,  past  and  present?  It  was 
not  nfcessary  to  summon  up,  as  witnesses  in  favour  of  the  mechanical  class,  the 
spirits  of  Watt,  of  Rennie,  of  Bramiih,  of  Huntsman,  of  Matulslay,  or  of  other  giants 
who  have  passed  hence;  for  there  were  still  living  many  illustrious  and  worthy 
followers  in  their  footsteps.  Only  a  mechanic!  He  (Mr.  Newton)  would  say  for 
himself  that  he  rejoiced  in  being  a  non-commissioned  officer  in  the  ranks  of  the 
mechanical  army  of  Great  Britain,  and  in  having  been  permitted  the  privilege  in 
sharing,  however  humbly,  the  great  work  of  improvement  and  civilization  which  that 
army  was  hourly  effecting.  He  felt  confidence  in  predicting  that  the  time  was  not 
far  distant  when  the  mechanic  would  receive  far  more  full  and  honourable  acknow- 
ledgment than  had  yet  been  awarded  him — when  those  who  enjoyed  comforts  and 
advantages  inestimable,  and  which  were  directly  traceable  to  mechanical  influences, 
would  admit  the  merit  of  the  mechanic,  and  cease  to  taunt  him  with  presumed 
inferiority. 

In  effecting  those  vast  onward  strides  in  every  branch  of  mechanical  industry 
which  had  been  made  since  the  dawning  of  the  present  century,  it  was  easy  to  dis- 
cover the  fact  that  the  impetus  had  been  derived,  not  from  the  action  of  the  few,  but 
the  combined  head  and  hand  labours  of  the  many.  He  ventured  to  say  that  there 
was  scarcely  anything  of  an  engineering  nature  in  practical  use  at  present  which 
owed  its  existence  to  any  one  man.  It  was  possible  that  the  idea  of  a  contrivance 
for  effecting  a  certain  purpose  might  have  been  the  product  of  one  fertile  brain  ;  but 
in  its  realization,  in  the  perfecting  of  its  details,  in  surmounting  attendant  difficulties 
—  in  short,  in  working  out  the  scheme,  ninety-nine  times  in  the  hundred  the  so-called 
inventor  was  indebted  to  others  for  suggestions,  and  even  more  tangible  assistance. 
It  was  not  the  reader's  intention  to  detract  from  the  merits  of  those  remarkable 
men  who  stood  out  prominently,  and  who  shone  as  "  bright  particular  stars"  in  the 
mechanical  firmament,  but  it  must  be  permitted  him  to  say  that  at  least  some 
portion  of  their  light,  like  that  of  the  moon,  was  borrowed.  To  their  assistants  of 
each  grade  they  owed  something;  and  although  those  assistants  might  not  find  a 
Smiles  to  record  their  achievements,  they  had  been  useful  to  their  employers  and  in 
their  generation,  and  their  claims  ought  not  to  be  ignored.  It  was  not  long  since 
that  on  a  very  happy  occasion  Mr.  Penn  asserted  that  "a  good  foreman  engineer 
was  the  right  hand  of  his  employer."  In  saying  this  their  excellent  and  generous 
friend  spoke  emphatically  the  truth.  He  (Mr  Newton)  would  go  further,  and  say 
that  the  foreman  constituted,  not  unfrequentiy,  a  portion  of  the  body  of  an  employer 
more  important  than  the  hand — namely,  the  head.  The  foreman  has  had  to  think 
as  well  as  to  act,  and  must  have  employed  his  mind  to  some  purpose  ere  he  obtained 
his  post,  and  in  order  to  have  kept  it  the  foreman  engineer  must  have  passed  through 
a  more  effectual  ordeal  than  a  civil  service  examination.  He  must  have  displayed 
a  sound  practical  acquaintanceship  with  his  art,  have  proved  himself  a  good  work- 
man, possess  commercial  ability,  be  a  good  draughtsman,  understand  the  nature 
and  the  cost  of  the  materials  to  be  used  under  his  direction,  and  know  something 
of  human  character.  He  must  further  comprehend  the  scientific  theories  upon 
which  all  engines  and  machinery  are  or  should  be  based,  and  the  natural  laws  which 
govern  their  action.  These  form,  said  the  author  of  the  paper,  only  a  part  of  the 
requirements  of  a  foreman  engineer.  Those  who  were  listening  would  no  doubt 
draw  from  the  varied  notes  of  their  own  experience  many  supplementary  illustrations. 
The  workshop  was  the  university  in  which  the  foreman  graduated,  and  in  which  he 
took  his  degrees;  no  examination  would  serve  his  purpose.  There  was  no  royal 
road  to  the  post  to  which  he  aspired. 

"If,"  said  Mr.  Newton,  "I  understand  the  principles  of  this  association,  and  of 
those  kindred  institutions  of  foremen  which  are  flourishing  in  Manchester  and  in 
Leeds,  and  which  will  presently  come  into  existence  in  Glasgow  and  in  Sunderland, 
they  are  calculated  in  the  highest  degree  to  elevate  and  to  render  more  efficient  the 
class  who  support  them.  These  societies  were  not  comprised  of  bands  of  scientific 
1  Fenians,'  meeting  in  secret,  and  meditating  the  ruin  of  their  rulers — the  employers 
— but  rather  gatherings  of  workers  in  the  fields  of  wisdom,  endeavouring  to  glean 
facts  which  shall  make  them  better  men  and  better  agents  of  their  masters."  The 
author  of  the  paper  spoke  next  of  the  hostile  feeling  against  which  they  had 
once  had  to  contend,  and  rejoiced  that  that  feeling  had  ceased  to  exist.  The 
masters,  as  a  rule,  were  now  with  and  not  against  them.  Alluding  to  the  fact 
of  the  meetings  of  this  association  being  held  at  a  tavern,  it  was  regretted  that  its 
funds  would  not  permit  of  their  having  a  hall.  Like  Shakespeare's  lean  apothecary, 
their  "poverty  and  not  their  will"  compelled  the  members  to  meet  where  they  did. 
They  had  not,  to  use  a  well- understood  phrase,  they  had  not  "steam  enough"  to 
carry  them  into  an  institution  of  their  own.  By  the  action  of  internal  warmth,  or 
the  application  of  external  fuel,  sufficient  steam  would  one  day  be  generated. 

Mr.  Newton  next  traced  the  history  of  the  Institution  of  Civil  Engineers  from  the 
time  when  Smeaton  inaugurated  what  might  be  termed  its  direct  progenitor,  the 
Society  of  Engineers — which  for  many  years  held  its  meetings  at  the  Crown  and 
Anchor  Tavern — down  to  the  present  hour,  when  it  was  in  the  full  blaze  of  its 
prosperity,  and  effecting  an  enormous  amount  of  good.  Its  early  difficulties  were 
recounted  at  length,  and  the  moral  was  educed  that  the  history  of  that  society 
afforded,  when  properly  considered,  a  ground  of  hope  for  their  own.  They  had  not 
themselves,  as  an  institution,  been  transformed  from  the  tavern  chrysalis  into  the 
hall  butterfly,  but  they  had  faith  in  the  change. 

Speaking  of  other  and  younger  societies  for  the  promotion  of  engineering  know- 
ledge, civil  and  mechanical,  the  writer  expressed  towards  them  the  best  feeling, 
and  rejoiced  in  their  success.  There  was  no  jealousy  possible  on  the  part  of  the 
associated  foremen  towards  those  societies. 
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A  stirring  appeal  to  the  members  generally  to  bring  forward  papers  in  succession 
f  Uowed.  "If  the  association,"  said  the  reader,  "is  to  stand  independent  and 
erect  among  its  fellows,  it  must  be  by  the  exertion  of  its  own  innate  strength,  and 
not  bv  the  mere  resting  and  being  thankful  for  what  had  been  done. 

At  much  more  leugth  than  we  can  afford  space  to  devote  to  it,  Mr.  Newton 
proceeded  to  invite  the  friendly  co-operation  of  employers — by  reading  papers  and 
taking  part  in  their  discussions,  and  by  such  other  means  as  they  felt  disposed  to 
put  in  force — and  concluded  as  follows: — 

11  Were  the  Association  of  Foremen  Engineers  of  no  more  servicerfhan  to  make 
individuals  in  similar  positions,  with  similar  cares  and  anxieties,  labouring  under 
-  r  difficulties,  and  pleased  by  similar  means,  acquainted  personally  with  each 
other,  and  personally  interested  in  each  other's  welfare,  it  would  be  enticed  to 
consideration  and  encouragement;  bnt,  as  I  have  endeavoured  to  show,  it  does 
much  more  than  this — it  is  a  moral  and  intellectual  lever,  which,  properly  applied, 
must  raise  its  members  and  place  them  on  an  eminence  far  higher  than  that 
attained  by  non-associates,  and  thus  tend  to  increase  not  only  their  own  self- 
respect,  but  the  esteem  in  which  they  are  held  by  the  world  at  large.  I  need  not 
tell  its  own  members  that  this  society  essays  to  reduce  the  pressure  of  physical  ills, 
to  provide  for  them  a  solace  when  the  lamp  of  life  grows  dim,  and  to  comfort  their 
relatives  when  that  lamp  is  extinguished.  It  is  well  that  these  latter  characteristics 
adorn  the  Association,  for  one  cannot  unfortunately  disagree  with  an  old  writer, 
whose  name  I  have  forgotten,  in  his  estimate  of  the  friendship  of  the  world: — l  When 
I  see,'  he  says,  'leaves  drop  from  their  trees,  just  such,  think  I,  is  the  friendship 
of  the  world.  While  the  sap  of  maintenance  lasts,  my  friends  swarm  in  abundance, 
but  in  the  winter  of  my  need  they  leave  me  naked.  He  is  a  happy  man  who  hath  a 
true  friend  at  his  need,  but  he  is  more  truly  happy  who  has  no  need  of  a  friend.1" 

Messrs.  Briggs,  Sanson,  Oubridge,  Fishwick,  and  others,  spoke  in  complimentary 
terms  of  the  paper  to  which  they  had  listened,  and  a  vote  was  unanimously  passed 
to  have  it  printed  and  published.  A  vote  of  thanks  to  the  writer,  briefly  acknow- 
ledged, closed  the  proceedings. 


THE   INSTITUTION   OF   CIVIL   ENGINEERS. 

The  first  meeting  of  the  session  1S65-66  was  occupied  by  the  reading  of  a  paper 
on  "  The  Telegraph  to  India,  and  its  extension  to  Australia  and  China,"  by  Sir 
Charles  Tilston  Bright,  M.P.,  M.  Inst.  C.E. 

After  referring  to  the  previous  attempts  to  establish  telegraphic  communication 
with  India  by  the  Red  Sea,  and  alluding  to  the  causes  of  the  failure  of  that  enter- 
prise, tbe  author  proceeded  to  describe  the  steps  taken  by  the  government  to  cany 
out  the  line  through  Mesopotamia  and  by  the  Persian  Gulf  to  Kurrachee,  which 
w;is  now  in  daily  operation,  connecting  England  with  Calcutta,  Bombay,  Madras, 
and  all  the  principal  towns  of  India,  and  extending  as  far  to  the  eastward  as 
Rangoon. 

A  description  was  given  of  the  manufacture,  laying,  and  electrical  tests  applied 
to  the  submarine  cables  between  the  head  of  the  Persian  Gulf,  Bush  ire,  Mussendom, 
Gwadur,  and  Kurrachee,  the  engineering  and  electrical  superintendence  being  carried 
out  for  the  Indian  government  by  the  author  and  his  partner  Mr.  Latimer  Clark, 
M  Inst.  C.E.  The  cables  in  question  belonged  to  the  class  of  shallow  water  cables, 
the  depth  being  generally  about  40  fathoms,  and  the  bottom  being  principally 
sand  and  soft  mud,  circumstances  the  most  favourable  for  the  deposition  of  sub- 
marine lines.  The  core  was  composed  of  225  lbs.  of  copper  and  275  lbs.  of  gutta 
percha  per  nautical  mile,  the  gutta  percha  being  applied  in  four  separate  coatings; 
over  this  was  laid  a  bedding  of  hemp,  covered  by  twelve  galvanized  iron  wires,  the 
whole  being  coated  with  two  layers  of  a  compound  of  bitumen  and  silica,  applied 
in  a  plastic  state,  in  combination  with  two  alternate  servings  of  heinp  laid  in  oppo- 
site directions.  In  the  construction  of  the  conductor  four  segmental  pieces  of  copper 
within  a  copper  tube  were  used,  by  which  the  mechanical  advantages  of  a  strand 
were  preserved,  while  the  electrical  efficiency  was  added  to,  in  consequence  of  the 
cylindrical  form  of  the  exterior. 

The  elaborate  system  of  electrical  tests  taken  during  the  construction  and  laying 
of  the  cable,  and  a  series  of  experiments  determining,  for  the  first  time,  the 
differences  of  conductivity  of  gutta  percha  and  India  rubber  at  various  temperatures, 
were  fully  described,  a  fonnula  being  given  as  a  guide  in  calculating  the  effect  of 
changes  of  temperature  upon  the  insulation  of  submarine  cables.  A  new  method 
of  testing  the  joints  in  the  core  separately  was  introduced,  whereby  a  considerable 
gain  in  insulation  was  attained.  The  conductivity  of  the  whole  of  the  copper  wire 
used  was  measured,  and  all  wire  below  an  established  standard  was  rejected.  By 
this  means  a  high  degree  of  conductivity  was  arrived  at. 

The  total  length  manufactured  was  1234  nautical  miles,  weighing  in  all  5028 
tons.  Five  sailing  vessels  and  one  steamer  conveyed  this  mass  of  submarine  cable 
to  Bombay,  and  the  submersion  was  commenced  by  the  author  on  the  3rd  February, 
1864,  at  Gwadur,  on  the  coast  of  Belochistan,  the  whole  being  completed  by  the 
middle  of  May  in  the  same  year.  The  cables  were  laid  for  the  first  time  success- 
fully from  sailing  vessels  towed  by  steamers,  by  which  a  considerable  saving  was 
effected,  compared  with  the  cost  of  sending  the  cable  round  the  Cape  in  steam 
vessels. 

It  was  expected  that  the  Turkish  land  line,  between  Bagdad  and  the  head  of  the 
Gulf,  would  have  been  completed  simultaneously  with  the  submersion  of  the  Persian 
Gulf  line.  In  this,  however,  much  disappointment  was  experienced,  owing  to  the 
Arabs,  on  a  portion  of  the  route,  in  the  valley  of  the  Euphrates,  being  in  revolt 
against  the  Turks.  In  consequence  of  this,  the  opening  of  the  entire  line  between 
Europe  and  India  was  delayed  until  the  end  of  February  in  the  present  year,  when 
a  telegram  was  received  in  London  from  Kurrachee  in  eight  hours  and  a  half. 
This  was  speedily  followed  by  numerous  commercial  messages  to  and  fro,  and  a 
large  and  remunerative  traffic  was  now  daily  passing.  The  author,  however,  com- 
plained of  the  delays  and  errors  arising  upon  the  Turkish  portion  of  the  line, 
between  Constantinople  and  Belgrade  ;  the  service  on  the  portion  of  the  line  worked 
by  the  Indian  government,  between  India  and  the  head  of  the  Gulf,  being  performed 
rapidly  and  efficiently. 


The  difficulties  encountered  by  Major  Champain,  R.E.,  in  the  construction  of  the 
Persian  telegraph,  between  Teheran,  Ispahan,  Shiraz.  and  Bushire,  were  described, 
and  the  loss  of  the  late  Colonel  Patrick  Stewart,  R.E.,  and  bis  devoted  services, 
were  feelingly  alluded  to. 

In  considering  the  extension  of  telegraphic  communication  from  Rangoon  to 
China  and  Australia,  the  author  entered  upon  a  narration  of  the  advantages  and 
otherwise  of  the  several  plans  proposed;  and  considered,  although  part  of  the  line 
in  the  Malay  Peninsula,  and  elsewhere,  might  be  taken  by  land,  that  the  speediest 
and  most  reliable  means  of  carrying  the  object  into  effect  would  be  found  in  the 
submergence  of  submarine  cables,  if  properly  constructed  and  laid.  The  regularity  of 
the  working  of  a  good  system  of  cables  would,  in  his  opinion,  soon  compensate  for 
the  additional  outlay  involved  over  such  sections  of  the  line.  It  was  thought  that 
a  line  might  be  carried,  in  a  comparatively  short  time,  from  Rangoon  to  Singapore, 
thence  to  Batavia,  joining  the  Dutch  land  lines  there,  and  passing  from  the  south- 
eastern extremity  of  Java  to  Timor,  onwards  to  the  Australian  coast,  whither  the 
Australian  land  lines  were  rapidly  advancing,  and  would  be  erected  to  meet  the 
cable.  From  Singapore  a  line  could  be  carried  to  China,  touching  at  Saigon,  or  the 
Peninsula  might  be  crossed  at  Mergui,  and  the  sea  line  be  carried  thence  across 
the  Gulf  of  Siam. 

It  was  announced  that  the  discussion,  which  had  been  commenced,  would  be 
continued  at  the  next  meeting,  Tuesday,  November  21st. 


MONTHLY      NOTES. 


MARINE   MEMORANDUM. 

Government  Transports. — Considerable  progress  has  been  made  in  the  con- 
struction of  this  new  fleet,  which  it  is  intended  to  employ  for  the  rapid  transport 
of  troops  between  Great  Britain  and  India.  The  following  remarks  will  prove 
interesting  to  our  readers:  — It  is  intended  to  commence  the  service  in  about  a 
year,  by  which  period  it  is  fully  expected  the  fine  large  steamers  with  which  it  is  to 
be  carried  on,  in  the  first  instance,  will  be  completed  and  fit  for  sea,  each  of  the 
vessels  being  already  in  frame  in  the  dockyards  of  the  various  private  firms  to  whom 
their  construction  has  been  intrusted  by  the  joint  arrangements  of  the  Admiralty 
and  the  Honourable  Council  of  India.  These  firms  are  Messrs,  Laird,  Brothers, 
Birkenhead;  Messrs.  Napier,  Glasgow;  the  Thames  Ironwork  and  Shipbuilding 
Company;  Messrs.  Wigram  and  Co.,  and  Messrs.  Palmer  and  Co.,  of  J  arrow — the 
respective  vessels  being  named  the  Euphrates,  Malabar,  Serapis,  Crocodile,  and 
Jumna.  These  fine  steamships,  which  are  of  the  largest  and  most  powerful  class, 
are  to  cost  nearly  one  million  sterling.  Tliey  will  exactly  resemble  each  other 
in  every  respect,  each  vessel  being,  in  fact,  constructed  from  the  same  designs. 
Their  principal  dimensions  are: — Length  between  the  perpendiculars,  360  ft.; 
length  of  keel  for  tonnage,  326  ft.;  extreme  breadth,  49  ft;  depth  in  hold,  22  ft. 
4  in- ;  burden  in  tons,  4173  ;  mean  draught  of  water,  20  ft.;  nominal  horse-power  of 
engines,  700;  and  indicated  horse-power,  4200.  With  these  engines  it  is  fully 
anticipated  that  each  vessel  will  be  propelled  at  a  mean  speed  of  about  16  statute 
miles,  or  14  knots,  per  hour.  As  they  are  intended  to  carry  the  enormous 
quantity  of  1250  tons  of  coal  each,  they  will  be  capable  of  steaming  continuously 
at  a  high  speed  for  from  16  to  21  days  together.  From  the  above  particulars  it 
will  be  seen  that  the  new  transports  are  to  be  20  ft.  longer,  3  ft.  greater  breadth 
of  beam,  of  700  tons  greater  tonnage,  and  a  knot  an  hour  faster  thau  the  now 
famous  Himalaya,  which  has  hitherto  proved  herself  by  far  the  finest  existing 
steam  transport.  From  the  extreme  care  with  which  the  whole  of  the  internal 
arrangements  of  the  several  ships  have  been  planned  by  Capt.  Mends,  C.B.,  the 
Admiralty  director  of  Transports,  in  conjunction  with  Mr.  Reed,  the  chief  con- 
structor of  the  Navy,  w-ho  has  designed  the  vessels,  it  is  anticipated  that  they 
will  surpass  the  Himalaya  in  accommodation,  ventilation,  and  other  equally 
essential  qualities  of  passenger  steamships.  This  result,  will  be  greatly  facilitated, 
and  the  security  of  the  ships  largely  increased,  by  the  adoption  in  them  of  the  new 
system  of  double-bottom  cellular  construction,  which  has  been  carried  out  for  the 
first  time  in  our  iron  ships-of-war  on  the  iron  frigate  Bellerophon,  now  being 
prepared  for  sea  at  Chatham.  The  circumstances  connected  with  the  designing  of 
tbe  iron  transport  fleet  are  somewhat  unusual,  and  deserve  more  than  a  passing 
remark.  On  the  announcement  of  the  order  for  the  construction  of  the  frigates 
being  received  at  the  Admiralty,  and  the  statement  of  the  number  of  troops  and 
officers  to  be  carried,  with  other  requirements  sent  in  by  the  Transport  Board,  Mr. 
Reed,  it  is  understood,  suggested  that  the  designs  for,  as  well  as  the  construction 
of,  the  several  ships  should  be  intrusted  to  private  firms,  and  this  recommendation 
being  acted  upon  by  the  Admiralty  and  the  Indian  Government,  s-'veral  of  the  most 
eminent  of  the  iron  shipbuilding  firms  were  invited  to  submit  designs  for  the  pro- 
posed ships,  an  official  design  being  prepared  in  the  interim  by  the  chief  constructor 
for  the  general  information  of  the  Admiralty  and  the  India-office.  Not  one  of  the 
designs,  however,  sent  in  by  the  private  firms  from  whom  tenders  were  solicited, 
was  of  that  character  which  could  induce  the  transport  officers  to  recommend  its 
adoption.  The  official  design  was  then  called  for  and  approved.  Before  adopting 
it,  however,  the  Lords  of  the  Admiralty  thought  it  desirable,  under  the  circum- 
stances, to  subject  the  whole  of  the  designs  to  the  investigation  of  an  independent 
committee.  Accordingly,  Mr.  I.  Watts,  C.B.,  late  chief  constructor  of  the  Xavy, 
was  called  upon  to  report  on  the  speed  and  stability;  Mr.  W.  Fairbairn,  LL.D.,  of 
Manchester,  on  the  structural  features;  and  Capt.  Mends,  C.B.,  on  the  gm.'ral 
arrangements  and  accommodation.  The  results  were  that  the  official  design  was 
again  pronounced  the  best,  and  it  was  accordingly  adopted  by  both  departments  of 
the  Government.  Some  idea  of  the  capabilities  of  the  new  transports  may  be 
inferred  from  the  fact  that  they  will  each  afford  ample  accommodation  for  no  less 
than  1250  officers,  troops,  women,  and  children,  in  addition  to  its  complement  of 
200  officers  and  seamen  employed  in  navigating  the  ship.  Of  the  five  ships  which 
will  comprise  the  squadron,  two  will  be  employed  in  the  service  between  England 
and  Alexandria,  and  three  between  Suez  and  the  Indian  ports.  From  the  exact 
resemblance  of  all  the  ships  to  each  other,  the  change  from  vessel  to  vessel  at  the 
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Isthmus,  will  necessarily  occasion  the  least  possible  inconvenience  to  the  military 
passengers. 


Safety-Valve  Balance. — The  improved  safety-valve  balance,  illustrated 
by  figs.  1  and  2  of  the  annexed  engravings,  is  the  invention  of  Mr.  William 
Camerer  of  Reading,  Pa.,  U.  S.  It  was  originally  intended  for  locomotive  engines, 
but  can  also  be  used  on  marine  engines,  or  any  place  where  a  dead  weight 
is  objectionable.  It  is  well  known  that  a  dead  weight  on  a  safety  valve  is 
the  most  desirable  and  safest  wherever  it  can  be  applied;  but  on  locomotive  boilers 
which  rest  on  springs  it  cmnot  be  used,  as  its  action  on  the  valve  would  he 
influenced  by  the  vibrations  continually  occurring.  On  marine  boilers  where 
weights  are  still  in  use,  the  rolling  of  the  ship  occasionally  makes  it  necessary  to 
lash  the  levers  down  until  the  weather  moderates,  thereby  destroying  the  only  virtue 
of  the  valve.  Spring  balances,  as  generally  made,  are  more  or  less  objectionable, 
on  account  of  the  springs  becoming  stiffer  as  the  valve  rises.  Various  plans  have 
been  adopted  to  overcome  the  defect  by  regulating  the  strength  of  the  springs, 
thereby  depending  on  the  vigilance  of  the  engineer  to  prevent  the  pressure  from 
getting  too  great ;  whereas  the  balance  here  indicated  requires  no  attention  whatever 


Fig.  L 


Fig.  2. 


when  in  use.  as  an  increase  over  Hie  allotted  pressure  cannot  take  place1.  The  arms, 
a  a,  can  vise  as  much  as  the  safety  valve  m  ry  require  without  additional  pressure, 
which  makes  tbis  balance  equal  in  efficiency  to  a  dead  weight.  The  advantages  of  tins 
improved  balance  are  in  the  lever  arrangement,  by  which  the  existing  defects  are 
remedied.  The  arms  of  the  levers,  a,  insiile  the  casting,  b  (fig.  1).  from  the  fulcrum 
to  the  springs,  are  at  an  angle  with  the  outside  arms;  and  an  upward  movement  of 
these  outside  arms  is  accompanied  by  a  corresponding  downward  and  also  an  inward 
movement  of  the  inside  arras  resting  on  the  springs;  therefore  the  more  the  springs 
are  compressed  the  shorter  the  effective  length  of  the  inside  arms  will  be,  thereby 
increasing  the  power  of  the  outside  arms  in  the  same  proportion  as  the  springs  get 
stiffer  from  compression,  thus  enabling  them  to  rise  the  required  distance  without 
increase  of  power.  The  rod,  c,  is  fastened  by  a  set  screw  to  any  distance  from  the 
fulcrum,  according  to  the  pressure  required.  Close  behind  this  rod  a  small  pin  can 
be  inserted  through  the  arm  to  prevent  the  engineer  from  increasing  the  pressure 
beyond  what  the  boiler  was  intended  to  carry,  but  as  much  of  the  arms  as  are  not 
in  the  way  of  anything  may  be  allowed  to  protrude  for  the  purpose  of  decreasing  the 
pressure,  should  any  accident  to  the  boiler  make  it  desirable  to  do  so.  These 
balances  have  been  in  use  more  than  a  year  on  several  of  our  leading  railroads, 
where  they  give  entire  satisfaction. — Scientific  American. 

Wonderful,  if  True — Boards,  Pipes,  &c.,  Manufactured  of  Paper. 
— Colonel  Szerelmey  is  best  known  in  this  country  as  being  the  most  successful 
among  the  many  competitors  for  the  treatment  of  the  stone  decay  in  the  new 
Houses  of  Parliament.  But  he  has  made  it  the  study  of  his  life,  during  many 
years  of  foreign  travel  and  research,  to  attain  a  knowledge  of  what  the  zopissa  of 
the  ancient  Greeks  was  composed  of.  This  is  one  of  the  ingredients  in  most  of  Ins 
compositions.  But  our  main  business  just  now  is  with  the  products  from  his  paper 
pulp,  treated  and  manufactured  in  a  way  peculiarly  his  own.  They  were  shown  at 
the  Exhibition  of  1SG2;  but,  like  many  other  things,  they  did  not  then  attract  the 
attention  they  now  apparently  deserve.  If  half  of  what  the  colonel  and  his  friends 
say  turns  out  to  be  true,  bis  will  rank  among  the  most  important  inventions  or  dis- 
coveries of  this  generation.  He  professes  to  make  zopissa  paper  boards  stronger 
and  cheaper  by  fifty  per  cent,  than  oak,  indestructible,  and  perfectly  waterproof. 
They  can  be  made  of  any  length  and  thiokness,  and  may  be  cut  to  any  shape,  like 
wood,  with  a  common  saw.  They  will  resist  a  pressure  of  2501b.  to  the  square  inch, 
or  more  if  required.  They  are  said  to  be  suitable  for  shipbuilding,  the  construction 
of  portable  houses,  roofing,  flooring,  coach  panels,  boxes,  piano  and  packing  cases, 
&c.  The  paper  pipes  for  water,  gas,  liquid  manure,  &c,  are  produced  from  the 
same  substances  as  the  hoards,  and  have  the  same  properties.  They  can  be  made 
of  any  length,  diameter,  and  thickness  required,  and  can  be  constructed  to  bear 
almost  any  pressure  to  the  square  inch.  They  are  said  to  be  fifty  per  cent,  cheaper 
than  iron  pipes ;  they  are  not  affected  by  gas  or  water;  not  being  porous,  no  leak- 
age can  take  place  from  them,  and  the  material  being  a  non-conductor  of  heat 
or  electricity,  they  possess  many  advantages  over  all  other  pipes,  besides  keeping 
the  passing  water  cool  in  summer  and  unfrozen  in  winter.     Rocket  tubes,  cartridge 


cases,  large  guns,  and  even  houses,  are  to  be  manufactured  of  this  paper.  Its  power 
of  resisting  shot  is  said  to  be  ten  to  one  greater  than  that  of  oak.  It  can  be  easily 
moulded  to  any  form  desired.  It  is  capable  of  being  used  in  mass,  without  waste, 
like  fusible  metal.  It  is  entirely  free  from  moisture  ;  and  while  any  ordinary  paper 
would  corrode  iron,  this  can  be  made  to  adhere  to  and  form  a  covering  impervious 
to  water  over  it.  It  is  said  that  it  must  eventually  be  generally  used  as  a  covering 
for  boilers,  steam  tubes,  funnels,  &c.  The  raw  material,  wc  are  "informed,  is  much 
■cheaper  than  any  now  in  use,  and  its  manufacture  simple.  But  what  strikes  us 
most  at  the  present  time — -just  after  a  second  failure  to  establish  telegraphic  com- 
munication with  America — is  the  confident  assertion  of  Colonel  Szerelmey's  friends, 
well  known  in  several  circles,  that  by  the  use  of  this  zopissa  paper  alone,  of  all  the 
materials  at  present  known,  can  a  perfect  electric  cable  be  formed.  We  were  shown 
a  rope  of  less  than  an  inch  in  diameter,  with  an  ordinary  copper  wire  projecting 
at  each  end  through  its  centre.  T-his  rope  was  formed  neither  of  hemp,  india-rubber, 
gutta  percha,  cork  shavings,  nor  any  ordinarily  recommended  covering — but  simply 
■of  zopissa  paper.  It  is  almost  impossible  that  it  can  break  ;  it  will  not  stretch, 
and  thus  throw  the  strain  on  the  copper  wire,  although  it  is  perfectly  flexible. 
Lastly,  it  has  been  reported  by  some  of  the  most  skilled  electricians  of  the  day  as 
being  perfect  in  insulation  and  other  respects.  Now,  if  anything  like  what  wc  have 
heard  as  to  the  practicability  of  this  discovery,  and  its  application  to  so  many  of  the 
purposes  of  life,  its  cheapness,  its  durability,  its  comparative  safety  from  fire,  and 
so  forth,  be  feasible — it  is  high  time  that  the  public  took  pains  to  be  thoroughly 
informed  on  the  subject.  Colonel  Szerelmey  has  been  many  years  among  us,  as  an 
Hungarian  exile.  He  has  earned  the  right  to  have  the  merits  of  his  invention  fairly 
tested. 

Apparatus  for  Burning  Petroleum. — The  accompanying  engraving 
(reduced  from  the  Scientific  American)  represents  a  plan  for  burning  petro- 
leum to  heat  water,  either  for  generating  steam  or  for  culinary  purposes,  and  is 
the  invention  of  Mr.  E.  M'Kinney  of  Clarksville,  Tenn.,  TJ.  S.  The  petroleum  is 
allowed  to  flow  into  a  vessel  containing  sand  or  fireclay,  on  the  surface  of  which  it 
is  ignited,  and  burns  steadily  without  creating  smoke.  This  sand  supplies  the 
place  of  a  wick  in  a  lamp,  and  the  vessel  containing  it  is  placed  directly  under  the 
boiler,  the  oil  being  forced  up  to  the  pan  by  water  pressure,  a  is  the  oil  chamber, 
supplied  with  oil  through  the  pipe,  d,  and  e  is  a  reservoir  filled  with  water,  which 
communicates  with  the  oil  chamber  by  the  pipe,  d,  its  flow  being  controlled  by  the 
cock,  E.  f  is  a  chamber  above  the  oil  reservoir,  which  is  also  kept  supplied  with 
water  up  to  the  outlet,  G,  for  the  purpose  of  keeping  the  oil  cool.     11  is  the  firepan 


containing  the  sand,  and  communicating  with  the  oil  chamber  by  the  central 
pipe,  i.  The  bottom  of  this  pan  is  slightly  inclined  from  the  centre,  so  as  to  diffuse 
the  oil  evenly  all  round,  and  is  also  furnished  with  grooves  or  channels  for  that 
purpose.  There  are  holes,  j,  in  the  furnace  door,  and  also  air  pipes  through  the 
bottom  of  the  pan  to  admit  air  to  the  flame.  In  using  this  apparatus  water  is  let 
into  the  chamber,  a,  so  as  to  cover  the  inlet  pipe  for  oil,  and  the  latter  fluid  is  then 
filled  in  as  before  described;  being  lighter  than  the  water  it  floats  on  the  surface, 
until  it  finally  rises  through  the  central  pipe  into  the  sand-box  or  firepan.  The 
sand  becomes  completely  saturated  with  the  oil,  which  burns  freely  when  ignited, 
creating  an  intense  heat.  The  danger  from  accidental  explosion  is  prevented  by 
reason  of  the  oil  being  entirely  covered  or  surrounded  by  water.  This  apparatus  is 
claimed  as  being  applicable  to  stoves  for  culinary  purposes,  and  also  to  land  or 
marine  engine  boilers.  In  the  case  of  land  engines  the  oil  chamber  may  be  removed  to 
a  distance  from  the  fire-box ;  as  in  the  yard,  for  example,  where  a  special  building 
could  be  constructed  for  the  purpose,  and  the  oil  pipe  carried  underground.  On 
board  ship  the  oil  chamber  might  be  situate  in  the  hold,  or  near  the  keel  and 
the  water  reservoir  on  deck.  The  petroleum  in  this  way  might  be  kept  in  tanks 
covered  with  water  remote  from  the  fire,  and  where  nothing  but  design  could  set 
fire  to  it.  It  could  also  be  supplied  to  the  fire  without  exposure  to  sight,  touch, 
or  smell. 

Chain-making  by  Machinery. — At  the  quarterly  meeting  of  the  Iron  Trade  in 
Birmingham,  held  in  October  last,  Mr.  George  Homfray,  of  Hales  Owen,  exhibited 
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a  working  model  of  the  welding  part  of  a  chain  cable-making  machine,  which 
is  worked  by  hydraulic  pressure,  welds  the  links  of  chain  by  a  simple  operation 
which  supersedes  the  old  sledge  hammer,  and  produces  a  joint  which  is  said  to  stand 
the  Government  test  remarkably  well.  The  machine  only  requires  a  man  and  a 
boy  to  keep  it  going,  and  its  inventor  claims  for  it  a  clear  saving  in  labour  of  from 
50  to  75  per  cent.  The  process  is  described  as  follows  : — The  end  of  the  bar  iron, 
as  it  comes  hot  from  the  rolls,  is  placed  in  the  machine,  which  coils  it  upon  a  man- 
dril, having  the  shape  of  the  inside  of  the  link  required.  A  sliding  rest,  moved  by 
a  screw,  distributes  the  bar  of  iron  upon  the  mandril,  forming  what  is  technically 
called  a  helical  coil,  having  a  3-inch  pitch.  By  a  simple  arrangement  the  coil  is 
then  pushed  oft"  the  mandril  on  to  the  bar  connected  with  the  shears,  where  a  peculiar 
form  of  steeling  allows  the  coil  to  be  cut  obliquely,  so  as  to  form  a  scarfed  joint, 
and  the  link,  when  cut,  to  fall  off,  or  to  be  moved.  The  link  is  then  taken  to  the 
welding  press,  where  it  is  closed,  welded,  finished,  and  the  stud  put  in  by  pressure  in 
metal  dies.  The  violent  exertion  of  welding  with  heavy  sledge  hammers,  produc- 
ing an  intermittent  and  uncertain  concussion  so  injurious  to  the  fibre  of  the  iron,  is 
done  away  with,  and  an  instantaneous  pressure  over  the  whole  surface  of  the  joint 
is  substituted. 

Pcgsley's  Patent  Car-Spring. —  Railway  companies  whose  cars  have  been 
fitted  for  the  use  of  india-rubber  springs,  have  long  been  anxious  to  find  a  good  steel 
spring  that  can  be  substituted  for  the  rubber  spring,  without  other  alteration.  The 
spring  invented  by  Mr.  Pugsley  perfectly  fulfils  this  condition,  as  will  be  seen  on 

inspection  of  the  engrav- 
FJg.  2.  ing.      It   consists   of  a 

cast-iron  cylinder,  open 
at  its  ends,  and  having 
in  the  middle  a  partition, 
which  is  dished  to  allow 
the  bending  of  the  steel 
discs  which  constitute 
the  elastic  part.  One  of 
the  fignres  shows  the 
spring  unloaded,  and  the 
discs  flat,  as  they  are 
made;  the  other  shows 
it  loaded  to  the  extreme, 
and  the  discs  bent  nearly  into  contact  with  the  dished  partition  and  covers.  Further 
action,  which  would  permanently  bend  and  injure  the  discs,  is  prevented  by  the 
partition  and  covers.  The  bosses,  on  which  the  discs  are  arranged,  are  of  cast  iron. 
The  discs  are  graduated  in  size,  on  the  principle  adopted  in  elliptic  springs,  so  as 
to  obtain  the  greatest  elastic  action  of  which  the  steel  is  capable.  These  springs 
have  been  on  trial  on  several  railways  during  the  past  year,  and  are  approved  by 
them.  It  is  claimed  that  they  act  well  under  light  loads  and  heavy  loads ;  that 
they  are  cheap  in  first,  cost ;  and  the  elastic  parts  are  easily  and  cheaply  renewed, 
the  discs  being  punched  with  dies;  and  that  the  discs  may  readily  be  turned  when 
they  have  become  set,  and  so  may  be  made  to  last  longer  than  other  springs  that 
have  been  designed  to  take  the  place  of  rubber  springs. — American  Artizan. 

The  New  Act  on  Partnership. — The  new  Act  to  amend  the  law  of  partner- 
ship provides  that  the  advance  of  money  by  way  of  loan  to  a  person  engaged,  or 
about  to  engage,  in  trade  or  any  undertaking,  upon  a  contract  in  writing  with  such 
person  that  the  lender  shall  receive  a  rate  of  interest  varying  with  the  profits,  or 
shall  receive  a  share  of  the  profits  arising  from  carrying  on  such  trade  or  undertak- 
ing, shall  not  of  itself  constitute  the  lender  a  partner  with  the  person  or  persons  carry- 
ing on  such  trade  or  undertaking,  or  render  himself  responsible  as  such.  No  person 
being  a  widow  or  child  of  the  deceased  partner  of  a  trader,  and  receiving  by  way  of 
annuity  a  portion  of  the  profits  made  by  any  such  trader  in  his  business,  shall,  by 
reason  only  of  such  receipt,  be  deemed  to  be  a  partner  of,  or  to  be  subject  to  any 
liabilities  incurred  by  such  trader.  No  person  receiving,  by  way  of  annuity  or  other- 
wise, a  portion  of  the  profits  of  any  business,  in  consideration  of  the  sale  by  auction 
of  the  goodwill  of  such  business,  shall,  by  reason  only  of  such  receipt,  be  deemed  to 
be  a  partner  of,  or  be  subject  to  the  liabilities  of,  the  person  carrying  on  such  business. 
In  the  event  of  a  trader  being  adjudged  a  bankrupt,  or  taking  the  benefit  of  any 
Insolvent  Debtors1  Act,  or  entering  into  an  arrangement  to  pay  his  creditors  less 
than  20s.  in  the  pound,  or  dying  in  insolvent  circumstances,  the  lender  of  any  such 
loan  shall  not  be  entitled  to  record  any  portion  of  his  principal,  or  of  the  profits  or 
interest  payable  in  respect  of  such  loan,  nor  shall  any  such  vendor  of  a  goodwill  be 
entitled  to  record  any  such  profits,  until  the  claims  of  the  other  creditors  of  the 
trader  for  valuable  consideration  in  money,  or  money's  worth,  have  been  satisfied. 
The  word  M  person  "  is  to  include  a  partnership  firm,  a  joint-stock  company,  and  a 
corporation. 

A  Telegraph  Bound  the  World. — The  Russian  Government  has  sent 
General  Gerhard,  director  of  the  Russian  telegraphs,  on  a  mission  to  Europe,  for  the 
pnrpose  of  procuring  the  necessary  materials  for  constructing  the  line  of  telegraph 
between  Chabarowka  and  Werchnendinsk.  This  line  will  complete  the  communica- 
tion between  Valentia  and  Kiachta.  When  the  American  Company,  which  is 
constructing  a  line  between  New  Westminster  and  the  mouth  of  the  Amoor,  has 
finished  its  works,  and  the  Atlantic  telegraph  is  laid,  there  will  be  an  uninterrupted 
telegraph  communication  round  the  world,  i.e.,  from  Valentia  to  Newfoundland, 
thence  (by  the  Collins  overland  telegraph)  to  new  Westminster,  in  British  Columbia, 
thence  via  Behring's  Straits,  to  the  mouth  of  the  Amoor,  and  thence,  by  St. 
Petersburg,  back  to  Valentia  again. 

The  Sewage  Plant. — It  appears  that  the  fungus,  the  growth  of  sewage, 
constitutes  the  great  difficulty  experienced  in  filtration.  It  fills  up  the  pores  of 
filters,  and  prevents  the  passage  of  the  fluid  through  them ;  and  coats  the  sides  of 
sewers  and  drains.  The  plant  is  never  found  in  water  which  does  not  contain 
organic  matter.  It  is  globular  in  form — unless  when  attached  to  fatty  or  other 
organic  matter,  when  it  becomes  flocculent — and  varies  in  size  from  that  of  a  small 
seed  to  several  inches;  and  is  of  a  drab  colour,  passing  into  black.  When  broken, 
its  smell  is  very  disagreeable  ;  and  it  appears  to  purify  the  sewage  by  absorbing  the 
offensive  gases.  When,  as  in  summer,  the  sewage  contains  a  minimum  quantity  of 
these  gases,  it  disappears,  but  is  produced  abundantly  in  the  cold  parts  of  the  year. 


Locomotives  on  Common  Roads. — On  the  1st  of  September  the  Act  | 
in  the  late  Session  (28  and  29  Vict.,  cap.  83),  for  further  regulating  the  use  of  loco- 
motives on  turnpike  and  other  roads,  came  into  force,  and  will  continue  for  two 
years.  At  least  three  persons  are  to  be  employed  to  drive  or  conduct  a  locomotive, 
one  of  whom  is  to  precede  such  locomotive  while  in  motion,  on  foot,  by  not  less 
than  60  yards,  and  warn  drivers  of  the  approach,  and  he  is  to  signal  the  driver  of 
the  locomotive  when  necessary  to  stop,  and  he  is  to  assist  horses  and  carriages 
drawn  by  horses  passing  the  same.  The  whistle  is  not  to  be  sounded  nor  steam  to 
escape  when  the  locomotive  is  on  the  road.  The  locomotive  is  to  be  stopped  when 
required,  and  it  is  to  have  two  efficient  lights.  On  default  of  attention  to  the 
regulations  a  penalty  of  10/  maybe  imposed.  A  locomotive  is  not  to  go  at  more  than 
four  miles  an  hour  through  a  public  highway,  or  at  a  greater  speed  than  two  miles 
through  a  city,  town,  or  village.  The  name  and  address  of  the  owner  is  to  be  affixed 
to  the  locomotive.  The  Metropolitan  Board  of  Works,  the  Lord  JIayor  and  Alder- 
men of  the  city  of  London,  and  other  local  authorities,  are  to  make  orders  when 
locomotives  may  puss  through  cities  and  other  places 

Simple  Dynamometer. — In  a  recent  number  of  the  American  Artizan  an 
illustration  is  given  of  an  exceedingly  simple  dynamometer — so  simply  is  it  made 
that  an  ordinary  mechanic  may  construct  one  at  a  comparatively  short  notice,  a 
little  testing  of  the  springs  speedily  rendering  it  sufficiently  accurate  for  practice. 
It  consists,  in  addition  to  the  ordinary  driving  pulley,  of  a  large  boss,  to  which  are 
attached  two  springs  abutting  against  wooden  stops  fixed  upon  the  interior  of  the 
rim  of  the  pulley.  Another  piece  of  wood  is  also  attached,  which  performs  the 
functions  of  a  pointer,  by  indicating  the  degree  of  deflection  which  the  springs 
undergo  when  the  power  is  being  communicated.  In  the  pointer  a  pencil  is  fixed, 
which  marks  on  a  card — also  fixed  to  the  rim  of  the  pulley — the  maximum  amount 
of  deflection.  As  soon  as  the  indication  is  registered  by  means  of  the  pencil  mark 
on  the  card,  the  belt  is  thrown  off,  and  weights  are  applied  to  the  riin  to  an  extent 
sufficient  to  bring  the  pencil  to  the  highest  indicated  point  of  the  experiment. 
This  weight  being  multiplied  by  the  velocity  in  feet  per  minute,  the  quantity  of 
power  communicated  is  at  once  ascertained.  Thus,  e.g.,  the  pulley  requires  a  weight 
of  110  lbs.  to  be  applied  to  its  periphery  to  bring  it  to  the  highest  indicated  point 
of  the  pencil  mark;  the  pulley,  in  working,  travels  with  a  circumferential  velocity 

of  600  feet  per  minute;  required  the  horse  power: 
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exceedingly  simple  device  is  undoubtedly  applicable  to  every  diameter  of  pulley,  and 
to  every  varying  circum- 
stance and  quantity  of  power. 
The  engraving  will  give  onr 
readers  a  better  idea  of  the 
exceeding  simplicity  of  the 
contrivance  to  which  we  now 
direct  attention.  Prepara- 
tory to  an  experiment,  the 
driving  pulley,  a,  is  thrown 
loose  upon  its  shaft,  and  a 
collar  is  placed  against  its 
boss,  at  one  side,  to  keep  it 
from  shifting  on  the  shaft; 
it  is  kept  in  place  on  the 
opposite  side  by  the  spring 
collar  or  boss,  c.  The  springs, 
b  6,  are  secured  to  the  boss, 
c,  by  screws,  and  by  hav- 
ing a  bent  portion  of  the  end 
of  the  spring  inserted  into 
a  groove  or  slot  planed  into 
the  boss,  c,  the  boss  itself 
being  keyed  to  the  shaft. 
The  springs,  b  b,  impinge 
against  the  wooden  stops,  J\  and  are  thereby  earned  by  the  pulley  in  the  direction 
of  its  motion.  The  punter,  d,  is  fastened  to  the  boss,  c,  by  screws,  and  has  a 
pencil  at  its  extremity,  which  marks  on  the  card,  e,  the  degree  of  deflection  and 
bending  on  the  springs.  The  simplicity,  exactness,  and  cheapness  of  this  mode  of 
ascertaining  the  correct  amount  of  power  used,  must  commend  itself  to  every  one 
who  has  anything  to  do  with  using,  hiring,  or  letting  mechanical  power. 

Prevention  of  Boiler  Incrustations. — It  is  reported  that  in  France  this 
is  considerably  reduced  by  lining  boilers  with  a  metallic  network,  upon  which  the 
deposits  settle,  and  whence  they  are  easily  removed. 

Rotating  Bells. — Mr.  Harrison,  of  the  American  Bell  Company,  has  devised 
a  means  for  preventing  the  fracture  of  bells,  arising  from  the  continuous  pounding 
of  the  tongue  in  one  place.  For  this  purpose  the  bell  is  hung  loosely  upon  a  round 
bolt,  which  is  suspended  by  a  spur  wheel  made  fast  to  the  bell.  This  wheel  com- 
municates by  a  simple  train  of  gearing  to  a  lever  on  one  side,  which  is  actuated  by 
a  cam  as  the  bell  swings,  and  which  turns  the  gearing  by  a  pall  and  ratchet  wheel, 
so  that  at  each  stroke  of  the  tongue  the  blow  is  given  on  a  fresh  part  of  the  bell. 
It  is  asserted  that  the  imparting  of  a  very  slow  rotation  to  bells,  as  above  described, 
prolongs  their  durability  indefinitely. — Scientific  American. 

Colonel  Shaw's  Gun  Carriage. — This  wrought-iron  carriage  and  slide 
(illustrated  at  page  115,  vol.  ix.,  Practical  Mechanics  Journal,  2nd  series)  were 
lately  fitted  in  the  mounting  ground  in  Woolwich  Arsenal  with  the  9-inch  rifled 
muzzle-loading  gun  made  on  his  new  principle,  with  shortened  trunnions.  The 
chase  of  the  gun  is  sustained  by  a  pivot,  so  as  to  point  and  fire  with  safety  through 
a  small  porthole  of  the  same  dimensions  as  the  diameter  of  the  gun's  muzzle.  The 
gun  was  made  in  the  Royal  Arsenal,  and  is  of  the  Firth  steel.  Its  weight  is  12\ 
tons,  and  the  carriage  and  slide  about  3A  tons.  After  an  elementary  trial  to  take 
place  at  the  Woolwich  butt,  to  test  the  appurtenances,  the  whole  will  be  despatched 
to  undergo  a  severe  experimental  trial  at  Portsmouth  on  board  Her  Majesty's  '20-gnn 
iron  ship  Minotaur.  The  gun  is  made  on  the  coil  system,  and  was  fired  10  rounds 
at  the  proof  butt  at  Woolwich,  with  charges  of  300-pound  shot  aud  40  pounds  of 
powder  each. 
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Mucilage  Bottle. — The  annexed  cut  illustrates  a  simple  and  effective  con- 
trivance for  preventing  the  overloading  of  the  brush  of  a  mucilage  or  gum  bottle, 
designed  by  Mr.  E.  II.  Boswell,  of  Philadelphia,  Pa.    The  improvement  consists  of  an 

elastic  band  of  india-rubber,  a,  applied 
'  to  the  brush  and  cap,  in  such  a  way  that 
a  free  movement  of  the  brush  up  and 
down  through  the  cap  is  obtained  when 
the  brush  is  pressed  upon,  but  so  soon 
as  the  hold  is  relaxed  the  brush  is  lifted 
entirely  out  of  the  gum  by  the  action 
of  the  india-rubber  spring,  in  place  of 
soaking  in  the  gum  till  the  next  time 
it  is  required.  This  is  a  considerable 
improvement,  simple  though  it  be,  over 
!  the  ordinary  gum  bottles,  in  which, 
when  nearly  full,  the  brush  becomes 
overcharged  with  the  liquid,  so  that 
a  greater  quantity  than  is  necessary 
is  smeared  over  the  paper.  Here, 
however,  a  perfect  command  of  the 
brush  is  obtained. — Scientific  Ameri- 
can. 

A  Cabinet  of  Bankers'  Safes. — 
i;  There  has  just  been  completed  at  Messrs. 
Milner  &  Sons'  Phoenix  Safe  Works,  a 
structure  which  is  unique  of  its  kind.  It 
is  a  bankers'  cabinet,  intended  to  form 
one  side  of  the  public  room  behind  the 
teller's  counter  at  the  bank  of  Brazil. 
Messrs.  Milner  have  several  times  before 
constructed  bankers'  strong  rooms,  in- 
tended to  be  stowed  underground  and 
carefully  built  in  with  brickwork,  but 
this  is  the  first  time  they  have  brought 
the  principle  of  beauty  to  bear  so  largely 
on  their  work,  and  so  contrived  a  group 
of  safes  as  to  form  a  really  handsome 
piece  of  furniture.  As  set  up  in  the 
large  fitting-shop  of  the  Phcenix  Works, 
the  structure  presents  to  the  view 
apparently  a  large  mahogany  cabinet, 
with  richly-carved  entablature,  pilasters, 
string  courses,  and  massive  cornice,  the 
doors  decorated  with  tasteful  brass 
"  knobs,"  and  secret  lock  escutcheons.  In 
reality,  except  a  portion  of  the  upper  cornice,  this  is  all  metal  work,  executed  at  the 
Phcenix  Works.  Tin*  cabinet  comprises  fifteen  safes,  arranged  in  three  tiers,  and 
of  graduated  sixes — the  lower  tier  safes  2  feet  G  inches  in  height,  the  centre  5  feet 
(!  inches,  and  the  top  tier  2  feet  4  inches.  All  the  safes  are  3  feet  in  width,  except 
the  centre  one  in  each  tier,  which  is  -1  feet  wide.  The  lower  tier  is  intended  for 
the  day's  cash,  the  centre  tier  for  the  reserve  of  bullion,  and  the  upper  tier  for  notes 
and  documents.  The  intersecting  pieces,  supports,  and  cornice,  bring  up  the  height 
of  the  structure  to  about  17  feet,  and  when  the  massive  doors  are  opened  and 
disclose  to  view  the  various  shelves,  drawers,  and  compartments,  the  effect,  even 
without  any  cash  in  store,  is  most  imposing,  and  it  may  be  readily  imagined,  that 
with  a  goodly  pile  of  gold  and  silver  pieces,  ingots,  bank-notes,  and  gold  dust, 
artistically  displayed,  the  conlidcnce  of  any  customer  coining  in  as  to  the  resources 
of  the  bank  would  he  boumllcss.  All  this  imagined  wealth  would  require  pro- 
tection, however,  and  the  cabinet,  it  is  needless  to  say,  is  as  strong  as  handsome. 
The  safes  arc  of  the  usual  first-class  holdfast  description,  and  the  doors  have  an 
extra  strength,  which  is  believed  to  be  impregnable  to  any  drilling  machine  that 
could  be  applied.  The  doors  are  £  inch  iron  plates,  over  these  £  inch  plates  of 
hardened  steel,  again  covered  with  £  inch  plates  of  iron,  so  that,  supposing  the 
outer  iron  plate  pierced,  there  would  still  be  no  room  to  "work  at"  the  surface  of 
the  steel  plate  beneath.  Inside  the  inner  plate  is  the  lock  chamber,  with  double 
iron  plates,  and  then  the  door  and  sides  of  the  safe  are  fitted  with  chambers  con- 
taining the  tire-resisting  composition,  which  has  for  so  many  years  preserved  the 
most  valuable  documents  in  the  fiercest  conflagrations.  In  addition  to  all  these 
precautions  against  thieves  and  fire  is  introduced  another,  suggested  by  the  bold 
and  successful  robberies  of  jewellers'  shops  in  London,  about  twelve  months  ago. 
It  may  be  stated  that  the  old  plan  of  constructing  safes,  was  to  have  the  doors  and 
frames  flush  with  each  other,  and  so  closely  fitting  as  to  be  almost  air-tight  when  shut. 
A  gang  of  ingenious  rogues  furnished  with  tools  of  superior  finish  and  construction, 
attacked  several  safes  in  this  way: — They  inserted  wedges,  first  thin  as  paper,  at 
the  upper  part  of  the  back  edge  of  the  door,  gradually  working  down  with  thicker 
wedges,  then  bringing  a  screw  to  bear,  until  the  door  was  forced  open  bodily  half- 
an-inch ;  fine  crowbars  were  then  inserted,  and  more  screws  brought  to  bear,  until, 
with  a  pressnro  of  several  tons  thus  obtained,  the  door  was  burst  out  bodily,  and 
the  safe  ransacked  of  its  contents.  True,  these  operations  took  a  long  time,  but 
the  interval  between  Saturday  night  and  Monday  morning  was  generally  chosen  for 
carrying  them  on,  and,  as  already  stated,  they  were  remarkably  successful.  With 
the  cabinet  safe  of  the  Brazilian  Bank,  it  is  believed,  from  experiments  made  at  the 
Phcenix  Works,  this  will  be  impossible.  The  top,  bottom,  and  front  edges,  are 
fitted  with  square  blocks  or  "guards,"  which,  when  the  door  is  shut,  drop  into 
corresponding  recesses  at  the  side,  top,  and  bottom  framing  of  the  safe.  This 
would  quite  prevent  the  action  of  a  series  of  graduated  wedges,  and  even  should  the 
dishonest  fraternity  in  Brazil  have  acquired  the  dexterity  of  the  truly  British  burglar, 
they  are  likely  to  be  foiled  in  any  attempt  upon  the  cabinet  of  the  Brazilian  Bank. 
It  may  be  interesting  to  state  that  the  total  weight  of  this  curiosity  in  cabinets  is 
about  25  tons,  a  fact  certainly  not  conveyed  by  its  light  and  elegant  outward 
appearance,  which  hides  its  massiveness  and  strength.     A  number  of  bankers  aud 


merchants  have  been  invited  to  the  Phcenix  Works  to  view  it  before  it  is  taken  to 
pieces  for  shipment  to  Brazil,  by  Messrs.  Vining,  Killey,  &  Co.  The  cost  of  the 
"cabinet,"  we  believe,  is  a  thousand  guineas.  Among  many  hundreds  of  safes  in 
course  of  construction  under  the  wings  of  the  Phoenix,  we  observed  a  special  safe 
making  for  a  London  diamond  merchant.  Like  the  safes  in  the  Brazilian  Cabinet, 
it  is  constructed  of  three  thicknesses  of  metals,  half-an-inch  of  iron,  covered  with  a 
quarter  of  an  inch  of  hardened  steel,  then  half-an-inch  of  iron,  and  an  additional 
band  of  six  inches  in  breadth,  and  seven-eights  of  an  inch  in  thickness  bracing  all. 
It  has  double  folding  doors,  with  a  "rabbit"  at  the  edges  that  meet,  and  square 
blocks,  top  and  bottom,  to  guard  against  wedges  and  crowbar  "insinuations."  It 
is  also  fitted  with  the  unpickable  locks  and  the  tire-resisting  chambers.  We  also  saw 
a  safe  of  very  similar  construction,  having  countersunk  doors  in  addition,  making  for 
Mr.  Dodd,  jeweller,  of  Cornhill,  one  of  those  who  suffered  from  the  cleverness  of  the 
London  cracksmen.  Besides,  were  a  steel  safe  ordered  for  South  America,  by  a 
Manchester  house,  and  another  for  Messrs.  Wakefield  and  Crewdson,  bankers,  of 
Kendal. — Paper  Trade  Review. 

Beefsteak  Bhkaker. —  We  transfer  to  our  pages,  from  the  Scientific  American, 
an  ingenious  and,  no  doubt,  useful  little  instrument  for  breaking  or  bruising  beef- 
steaks, invented  by 
Mr.  Putnam  of  Peter- 
boro,  United  States. 
It  is  intended  as  a 
substitute  for  the 
ordinary  pounders, 
which  are  apt  to 
smash  up  and  destroy 
entirely  the  tissue, 
and  effectually  expel 
the  juice,  leaving 
mere  tasteless  shreds 
behind;  but  with 
this  little  contriv- 
ance, all  that  is  re- 
quisite is  to  place  the 
obdurate  steak  on 
the  board,  a,  and 
bring  the  lever  down 
upon  it,  when  the 
teeth  in  the  crusher, 
b,  will  enter,  and 
sufficiently  disinteg- 
rate the  fibre  to 
render  what  would 
otherwise  be  a  tough 
morsel  a  passable 
tender  steak.  It  may 
also    be    used     for 

breaking  ice  or  loaf  sugar,  pressing  fruit  for  jelly,  or  pressing  corned  beef,  by  hang- 
ing a  weight  to  the  end  of  the  lever.  The  crusher,  b,  is  movable  along  the  lever, 
so  that  it  may  be  used  at  any  point. 

New  Ice  Machine.  —A  machine  for  the  production  of  ice  on  a  large  scale  lias 
been  tried  lately  at  Paris  with  great  success.  Its  peculiar  feature  is  that,  unlike  all 
the  machines  whose  action  depends  on  the  circulation  of  ether  or  ammonia,  it 
requires  no  pump  whatever.  Its  effect  is  produced  by  means  of  heat,  and  the  cir- 
culation of  the  vapour  of  amylic  ether  (oxide  of  amyle).  The  latter  it;  obtained,  as 
usual,  by  the  action  of  sulphuric  acid  on  amylic  alcohol,  or  that  derived  from 
potatoes;  and  it  is  liquefied  by  transmission,  at  a  pressure  of  from  5  to  7  atmos- 
pheres, into  a  reservoir  placed  under  the  cylinder.  After  having  returned  to  the 
state  of  gas,  and  formed  ice,  when  a  cock  is  opened,  it  passes  from  this  reservoir 
into  the  spiral  ducts  which  surround  the  quadrangular  reservoirs,  which  are  filled 
with  the  water  that  is  to  be  congealed,  and  are  immersed  in  a  solution  of  salt  that 
will  not  freeze.  After  the  ether  has  been  vaporized  in  the  spirals,  it  passes 
successively  into  three  large  cylinders,  containing  sulphuric  acid,  by  which  it  is 
dissolved.  One  portion  of  the  ether  being  contained  in  the  concentrated  solution,  is 
ready  to  yield  up  vapour  under  the  action  of  the  heat  afforded  by  the  circulation  of 
superheated  steam  ;  a  second  vessel  is  ready  to  absorb  the  ether  vapour  ;  the  third 
is  in  a  state  of  rest,  and  ready  to  give  up  its  ether.  A  machine  of  this  kind, 
calculated  to  produce  about  a  quarter  of  a  ton  (200  kilos.)  of  ice  per  hour,  has  been 
constructed  for  the  concentration  of  sea  water,  for  the  purpose  of  extracting  its 
soda,  potash,  and  other  salts.  The  application  of  refrigeration  to  the  separation  of 
substances  held  in  solution  has  been  attended  with  the  best  and  most  economic 
results,  and  is  becoming  more  general  every  day.  It  has  been  used  even  in  the 
separation  of  sugar  from  syrup.  Water,  in  freezing,  completely  separates  from 
anything  which  it  holds  in  solution. 


APPLICATIONS   FOR 

PROVISIONAL  PROTECTION  FOR  INVENTIONS 

UNDER  THE  PATENT  LAW  AMENDMENT  ACT. 

toy*  When  the  city  or  town  is  not  mentioned,  London  is  to  be  understood. 

2nd  Octoier,  18G5. 

2520  Thomas  Williams,  Lacy  Terrace— Lessening  the  momentum  of  heavy  bodies 

2521  Thomas  Allan,  Adelphi  Terrace — Electroplating 

2522  J.  W.  Tyler,  Abingdon  Street— Sheet  metal  for  roofing 

2523  C.  1).  Abel,  Southampton  Buildings— Manufacturing  paper.— A  com. 

2524  David  Greig  and  Robert  Burton,  Leeds— Travelling  cranes 

2525  Frederick  Jeuner,  Saint  James  Street— Clasps  or  fastenings 

2526  H.  G.  James,  Bristol— Railway  signals 

2527  S.  C.  Salisbury,  New  York— Gases  for  heating  purposes 
252S  S.  C.  Salisbury,  New  York— Blast  furnaces 
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3rd  October,  1SG5. 
25*29  H.  A.  Bonneville,  Faris—  Cylinders  for  boilers.— A  com. 
2530  II.  A.  Bonneville,  Paris — Submarine  telegraph  cables. — A  com. 
•2531  C.  P.  Button,  Cheapside — A  revolving  cover — A  com. 
253*2  W.  R.  Lake.  Southampton  Buildings — Sewing  machine. — A  com. 

2533  Charles  Walker  and  William  Preston,  Batley-Carr—  Carding  wool 

2534  C.  J.  Tinker,  Pontefract — Lozenges 

2535  R.  A.  Brooman,  Fleet  Street — Decomposing  and  superheating. — A  com. 

2536  R.  A.  Brooman,  Fleet  Street— Colouring  matters. — A  com. 

2537  W.  E.  Newton,  Chancery  Lane — Pneumatic  ways. — A  com. 
253S  W.  E.  Newton,  Chancery  Lane — Spinning  and  winding. — A  com. 

2539  -Joseph  Heydon,  Coventry — Planing  wood 

2540  Enoch  Fair,  William  Farr,  and  Isaac  Gregory,  Manchester— Piano-fortes 

Uk  October,  1S65. 

2541  Frederick  Tolhausen,  Paris — Musical  instruments.— A  com. 

2542  J.  and  F.  J.  Jones,  Birmingham — Cartridges 

2-543  J.  Wads  worth,  Heaton  Noras,  T.  Hall  and  S.  Bonser,  Stockport — Looms 

2544  Allan  Craig,  Mold — Extracting  oil 

2545  Levi  Hewitt,  Higham  Ferrers — Lamps 

2546  E.  W.  de  Rusett,  Lewishain,  and  K.  F.  Date,  London — Ships'  waterclosets 

2547  W.  B.  Stocks,  Liversedge,  James  Whitwham,  Huddersfield,  and  W.  Blakey,  Batley 

Carr  Top — Cutting  the  nap  of  fabrics 
254S  John  Dodge,  Manchester— File  cutting  machines 
2-549  James  Webster,  Birmingham— Gas  meters 

Bth  October,  1865. 

2550  Richard  Tonge,  Manchester  -  Folding  fabrics 

2551  Michael  Henry,  Fleet  Street — Sewing  machines 

2552  Hesketh  Hughes,  Homerton— Shaping  metal 

2553  John  Millar,  Bethnal  Green,  and  Bethel  Burton,  Hackney- -Fire-arms 

2554  J.  C   Stovin,  Chelsea — Cleaning  cotton  seeds 

2555  W.  R.  Barker.  New  Bond  Street — Administering  injections 

2556  Edward  Marsland  and  Peter  Williams,  Manchester— Punching  leather 

2557  Edward  Marsland  aud  Peter  W'illiams,  Manchester— Cleaning  cotton 
255S  Robert  Morson,  Bloorasbury — Treating  meat 

2559  W.  H.  Phillips,  Nunhead — Extinguishing  fires 

2560  H.  A.  Dufremi,  Paris — Raising  weights.— A  com. 

2561  A.  K.  Shaw,  Marina  Saint  Leonards — Breaks 

2562  Benjamin  Johnson,  Church  Street — Piano-fortes 

2563  R.  W.  Fraser,  Edinburgh— Propelling  and  steering 

6th  October,  1S65. 

2564  John  Ilolliday,  Huddersfield — Colouring  matters 

2565  L.  R.  Whitehead,  Birmingham — Date  indicator 

2566  C.  Fitz  Gerald,  Langham  Hotel — Fasteners  for  doors 

2567  R.  A.  Brooman,  Fleet  Street— Rotary  engines.— A  com. 

2568  H.  F.  Smith,  Manchester — Waterproofing  fabrics 

2569  G.  W.  Rcndel,  New  cast  le-on-Tyne — Gun  carriages 

2570  F.  W.  Gardiner,  Leicester— Laying  telegraphic  cables 

2571  V.  J.  B.  Germaix,  Algiers — Bricks 

2572  L.  A.  1.  Daumesnil,  Paris — Propelling  screw  toy 

2573  R.  M.  Cameron  and  D.  Cameron,  Edinburgh— Pens 

2574  William  Clark,  Chancery  Lane — Paper  pulp. — A  com. 

2575  W.  A.  Martin,  Cannon  Street — Signalling 

2576  W.  D.  Grimshaw.  Birmingham—  Capstans 

2577  Thomas  Machin,  Holloway— Wooden  spills 

2578  John  Cunningham,  Liverpool — Fire  proof  floors 

2579  C-  O.  Crosby,  New  Haven — Ruffles  or  frills 

7th  October,  1865. 

25.90  T.  V.  Lee,  Macclesfield— Candles 

2581  H.G.Craig,  Cork — Railway  carriages 

2582  James  Roddy,  Liverpool — Washing  solution 

2583  James  Priestley,  W.  Whitworth,  and  J.  Sntcliffe,  Sowerby  Bridge— Grinding  corn, 

seeds,  and  minerals 

2584  C.  H.  Mellor,  Oldham — Telegraphic  communication 

2585  H.  A.  Bonneville,  Paris— Preparing  skins  for  tanning 

2586  John  Hancock.  Nottingham — Signals 

2587  John  Howard,  Fenchurch  Street — Compound  cylinder  engines. — A  com. 

2588  Joseph  Kirby,  Preston — ''Pirn"  winding  machines 

2589  T.  M.  Gisborne,  Lymimrton—  Cleansing  bottoms  of  ships 

2590  Tomlin  Campbell.  Jamaica — Evaporating  and  distilling 

2591  William  Harris,  Wimbledon — Tanning  hides 

2592  J.  B.  Thompson,  Kothw^ll  Street — Coating  iron  and  steel 

2593  Julius  Homan,  Camberwell — Wrought  iron  girders 
2534  Julius  Homan,  Camlerwell — Fire  proof  floors 

9th  October,  1865. 

2595  George  Voight,  Aldershot — Stopping  railway  carriages 

2596  Peter  Todd  and  Joseph  Holding,  Wheel  ton— Looms 

2597  Robert  Walmsley,  Liverpool — Mangling  and  calendering 

2598  John  Robertson,  Portland  Place — A  colour  slide  for  artists 

2599  Thomas  Miles,  Queen  Street— Scent  bottles 

2600  W.  E.  Gedge,  Wellington  Street— Motive  power.— A  com. 

2601  William  Clark,  Chancery  Lane— Propelling  vessels. — A  com. 

10th  October,  1865. 

2602  William  Cooke,  Park  House— Surmounting  chimneys 

2603  William  Cooke,  Park  House — Sanitary  window  fittings 

2604  John  Sturgeon,  Bnrley — Generating  steam 
2603  F.  T.  Hubert.  Dept ford— Telegraph  cables 

2606  J.  A.  Leon,  Liverpool— Sugar. — A  com. 

2607  G.G.  Rich.  Chesterford  Terrace— Piano-fortes 

2608  W.  E.  Gedge,  Wellington  Street— Billiard  tables— A  com. 

2009  J.  G.  Woodward,  St.  John,  New  Brunswick — Ventilating  apparatus 

2610  J.  H.  Johnson,  Middlesex — Steam  generators. — A  com, 

2611  Mark  Walker,  Mansfield — Doubling  machines 

2612  J.  F.  Wiles,  Upper  Clapton— Submarine  telegraphy 

2613  Arthur  Nicholls,  Barnsbury  Row — Rules  for  measuring 

2614  Richard  A  bell,  Cambridge  Terrace — Ventilating  sewers 

2615  J.  J.  Parkes.  London  Street — Gas  lamps 

2616  Daniel  Gallafent,  Stepney— Paraffine  lamps 

11th  October,  1865. 

2617  Thomas  Warburton,  Stoneclough — Breaks 

2618  F.  P.  Warren,  Cas'nam-  Bolts  and  rivets 

2619  James  Crutchett,  Stroud — Harness 

2620  James  Crutchett,  Stroud— Gas 

2621  Michael  Henry,  Fleet  Street — Railway  carriages. — A  com. 

2622  W.  K.  fifrdge,  Chancery  Lane — Pumps — A  com. 

2623  T.  I>ti  Jio.ilay,  San dgate— Carriages  propelled  by  manual  power 

2624  D.  C.  Pierce,  America  Square — Railways 

2625  William  Bull,  Chancery  Lane— Rendering  wood  non-combustible 


12th  October,  1865. 

2626  John  Linton,  Solby — Utilization  of  sewage 

2627  V.  A.  and  V.  J.  Messinger,  Boston — Shirt  collars.— A  com. 

2628  J.  II.  Selwyn,  Grasmere— Cartridges 

2629  Robert  Longdon,  Ashbourne — Hurdles  for  fencing 

2630  A.  A.  Lereuard,  France— Composition  of  indian-rubber 

2631  James  B.  Edge  and  Enoch  Hird,  Bolton — Twisting  or  doubling 

2632  J.  U.  Bastier,  Gower  Street— Raising  liquids 

2633  H.  H.  Williams,  Buckingham  Street— Sabots 

2634  W.  C.  Cambridge,  Bristol — Clod  crushers  and  chain  harrows 

2635  G.  and  A.  Deslandes,  Jersey — Working  windlasses 

2636  William  Mather,  Manchester — Heating  cylinders  or  rollers 

2637  H.  II.  Craigie,  New  York— Basins,  sinks,  and  baths 

2638  William  Barwick,  Thanet— Coating  walls 

2639  W.  E.  Newton,  Chaueery  Lane— Centrifugal  governors. — A  com. 

13th  October,  1S65. 

2640  Matthew  Cartwright,  Tavistock  Street — Boots  and  shoes 

2641  George  Rosselet,  Paris— Motive  power 

2642  William  May,  Tower  Hamlets — Fixing  skates 

2643  W.  H.  G.  Jones,  Crosley  Square— Crushing  minerals. — A  com. 

2644  George  Marshall,  Pont  Blyddyn,  Mold— Casks 

2645  H.  H.  Williams,  Buckingham  Square--Firu  arms 

2646  R.  A.  Brooman,  Fleet  Street — Purifying  waters. — A  com. 

2617  William  Robertson  and  J.  G.  Orchar,  Dundee — Finishing  textile  fabrics 

2648  J.  De  W.  Brinckerhoff,  New  York— Photography 

2649  G.  B.  Woodruff,  Cheapside — Sewing  machines 

2650  W.  E.  Newton,  Chancery  Lane — Tompions  for  ordnance,  and  stoppers  for  bottles. — 

A  com. 

14(A  October,  1865. 

2651  G.  A.  Ermen,  Eccles— Preparing  and  spinning 

2652  Joseph  Tangye,  Birmingham — Cutting  screws 

2653  W.  J.  C.  MacMillan,  James  Mason,  and  J.  V.  Scarborough,  Sunderland— Preserva- 

tion of  iron 

2654  W.  J.  Armitage,  Fairfax  Wooler,  Farnley,  and  John  Hodgson,  Wortley— Tyres 

2655  J.L.Hancock,  Tipton — Polishing  and  brushing 

2656  J.  L.  Hancock,  Tipton— Bedsteads 

2657  J.  C.  Ridley,  Newcastle-on-Tyne — Carbonic  gas  to  iron 

2658  C.  A.  Elliott,  Kensington — Blinkers  for  horses 

2659  Robert  Stephen,  Greeu  Street— Barrows 

IGth  October,  1865. 

2660  A.  J.  Mott,  Liverpool — Carbonic  acid  gas 

2661  Francis  Wise,  Edward  Field,  Chandos  Chambers,  and  E.  H.  Aydon,  Wandsworth — 

Steam  boilers 

2662  William  Clark,  Chancery  Lane— Copper  ores. — A  com. 

2663  C.  H.  Murray,  Loman  Street— Raising  ballast 

2664  Joseph  Orrin  and  Thomas  Gecr,  Little  Britain— Fastening  for  books 

2665  J.,  S.  A.,  G.  E.,  and  F.  F.  Reading,  Birmingham— Sleeve  links 

2666  J.  B.  Robertson,  Dromore— Sewing  Machines 

2667  J.  L.  Hancock,  Tipton — Separating  ashes  from  cinders 

2668  J.  L.  Hancock,  Tipton — Wheels  and  tyres 

2669  Henry  Skinner,  Worcester — Railway  switches,  points,  and  signals 

2670  R.  E.  Kaulbach,  Grove  Road — Submarine  telegraphic  communication 

2671  Thomas  McGrah,  Sheffield — Securing  handles  of  knives 

17th  October,  1SG5. 

2672  Edward  Lord,  Todmorden — Looms 

2673  Albert  Fenton,  Redditch— Fish  hooks 

2674  C.  G.  Lenk,  Dresden— Purifying  water 

2675  R.  A.  Brooman,  Fleet  Street— Caloric  engines. — A  com. 

2676  F.  G.  Sicardo,  Paris — Steam  consuming  apparatus 

2677  A.  H.  Hassall,  Wimpole  Street— Preparation  of  meat 

2678  George  Davies,  Middlesex— Folding  chairs. — A  com. 

2679  Edward  Beanes,  Kilburn — Animal  charcoal 

2680  Robert  Burley,  Glasgow — Chucks  for  lathes 

2681  H.  E.  Newton,  Chancery  Lane — Covering  of  blind-cord. — A  com. 

2682  William  Beardmore,  Park  Head — Furnaces 

18i/i  October,  1S65. 

2683  Isaac  Gregory,  Enoch  Farr,  and  William  Farr,  Manchester — Pianofortes,  har- 

moniums, and  organs 

2684  T.  II.  P.  Dennis,  Chelmsfo-d— Greenhouses 

2685  William  Schotield,  Heywood,  and  J.  Smith,  Baxenden — flanging  fabrics  in  stoves 

2686  William  Schofield,  Heywood,  and  J.Smith,  Baxenden — Rollers  for  washing  yarns 

2687  James  Rock,  Hastings — Carriages  and  breaks 

2688  Thomas  Jones  and  Edward  King  Mason,  Birmingham — Saddles 

2689  C.  H.  Cope,  Birmingham— Sifter  for  sifting  cinders 

2690  J.  W.  Truman  and  Henry  Lovi,  Canning  Town— Block  matches 

2691  Thomas  Catchpole,  Lever  Street — Reeds  for  weaving 

2692  W.  H.  Parker,  Kilmacow— Mill  stones 

2693  John  Taylor,  Streatham— Tiles  for  roofing 

2694  Thomas  King,  Park  Road— Chemical  toys 

19th  October,  18G5. 

2695  Josiah  Penton,  Sheffield— Wheel  tyres 

2696  Joseph  Everard,  Birmingham—  Blinds 

2697  G.  R.  Ghiselin,  West  Strand— Boiler  tubes.— A  com. 

2698  Thomas  Routledge,  Ford  works,  Sunderland,  Daniel  Bent  ley,  and  J.  B.  Jackson, 

Lodge  Banks.  Bury — Hydraulic  presses 

2699  John  Ballard,  Buckland— Window  blinds 

2700  Thomas  Adams  and  G.  J.  Parson,  Duke  Street— Slide  valves 

2701  William  Clark,  Chancery  Lane— Printing  and  dyeing  fabrics. — A  com. 

2702  William  Clark,  Chancery  Lane— Chroma  tes  of  ammonia.— A  com. 

20^  October,  1863. 

2703  Allan  Lawrie  M'Gavin,  Bncklersbury — Dessicating  plants.— A  com. 

2704  William  Johns,  Chelsea— Safety  stirrup-bar 

2705  E.  E.  Middleton,  Duke  Street— Laying  submarine  telegraphic  cables 

2706  C.  D.  Abel,  Chancery  Lane— Rotary  pumps.— A  com. 

2707  Frederick  Thompson,  Birmingham— Satchels 

2708  Samuel  Richard  Rowe,  Birmingham — Wheels  for  carriages 

2709  Joseph  Needham  and  George  Henry  Needham,  Piccadilly— Fire-arms 

2710  Richard  Fell,  Robinson  Row,  and  Davy  Hammond,  Hackney  Road— Regulating  the 

supply  of  water  to  cisterns 

2711  William  B.  Haigh,  Oldham,  and  William  Bissell,  Wolverhampton— Planing  wood 

2712  John  White,  Wakefield — Furnaces  of  steam  boilers 

2713  William  Sumner,  Ashton — "Roving"  frames 

2714  Thomas  Cooke,  York — Aneroid  barometers 

2715  George  Mussell,  Linslade— Railway  signals 

2716  Manuel  L.  J.  Lavater  and  John  Kershaw,  France — Printing  rollers 

2717  Rc'my  Biessy,  Trinity  Square — Splitting  cane 
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21st  October,  18G5. 
271S  Thomas  Webb,  Earl  Sbilton— Knitted  fabrics 

2719  I  sham  Baggs,  Chancer)'  Lane — Inflammable  gases 

2720  Arthur  Bankart,  Branghing — Calcining  copper  ore 

2721  William  Hills  Kitchen,  Newcastle-on-Tyne— Producing  artificial  respiration 

2722  Clotworthy  Boyd,  Ironmonger  Lane— Cotton  press 

2723  William  Edward  Gedge,  Chancery  Lane — Bending  wood.— A  com. 

2724  John  Dnrrant  Frazer,  Wednesbury — Railway  chairs 

2725  James  Hill  Dickson,  Southwark— Preparing  flax 

2726  James  Wright,  Copthall  Court — Evaporation  of  liquids.— A  com. 

2727  Joseph  William  Lea,  Arundel  Street— Cleaning  windows 

2728  Isaac  Roberts,  Liverpool— Moulding  clays 

2729  Louis  Dominique  Girard,  Paris— Sliding  surfaces 

2730  Hector  Auguste  Dufrene',  Paris — Lozenges. — A  com. 

2731  William  Parsons,  Brighton— Morticing  machines 

2732  Samuel  Parkes  Matthews,  Wolverhampton — Blind  rollers 

2733  Alexander  Parkes,  Birmingham— Electric  telegraph  conductors 

23rd  October,  1865. 

2734  Henry  Newman,  Aston — Window  sashes 

2735  John  Orvis,  West  Roxbury,  United  States— Braces  for  bits 

2736  Mathieu  Julien,  Paris— Motion  to  vehicles 

2737  William  Edward  Gedge,  Chancery  Lane — Axle  box. — A  com. 

2738  Alexander  Chaplin,  Middlesex  and  Glasgow — Steam  boilers 

2739  John  Murray,  Whitehall  Place— Indicating  the  names  of  streets 

2740  William  Clark,  Chancery  Lane — Sewing  machines. — A  com. 

2741  William  Clark,  Chancery  Lane— Paper. — A  com. 

24ft  October,  1S65. 

2742  William  Snell,  Clement's  Inn — Hydro  carbon  lamps. — A  com. 

2743  Frederick  Hat-grave  Grey,  Old  Bond  Street — Firearms 

2744  M.  T.  C.  Nash,  London  Wall,  and  C.  J.  Nash,  Hackney  Road — Treating  vegetables 

2745  Hyde  Bateman,  Barnes,  and  E.  G.  Garrard,  Vauxhall— Pumps 

2746  C.  Matihews,  II.  B.  Southwick,  and  J.  Fereday,   Wolverhampton— Furnaces  and 

boilers 

2747  D.  G.  and  S.  Staight,  Charles  Street,  and  J.  Chevertont  Elm  Villa— Keys  for 

pianofortes 

2748  Alfred  Vincent  Newton,  Chancery  Lane— Sewing  machinery.— A  com. 

25ft  October,  1865. 

2749  William  Clark,  Chancery  Lane— Baih  apparatus. — A  com. 

2750  George  Haseltine,  Chancery  Lane — Uniting  pieces  of  leather. — A  com. 

2751  George  Lamb  Sco  t,  Manchester — Wheels 

2752  William  Middleditch  Scott,  Birmingham — Fire-arms 

2753  George  Augustus  Huddart,  Brynkir — Buttons 

2754  William  Edward  Newton,  Chancery  Lane — Photographic  papers. — A  com. 

2755  Alexander  Bewicke  Blackburn,  Adelphi — Signals 

26ft  October,  1S65. 

2756  Thomas  Russell  Crampton,  Great  George  Street — Roadways 

2757  Alfred  Krupp,  Prussia — Projectiles 

2758  H.  A.  DufremS,  Paris  and  London — Attacking  and  defending  in  maritime  war. — 

A  com. 

2759  Edmund  Hunt,  Glasgow — Steam  engines 

2760  James  Johnson,  Stoke-upon-Trent — Crossings 

2761  George  Davies,  Serle  Street— Cleaning  tubes  of  steam  boilers. — A  com. 

2762  Henry  Wilde,  Manchester— Electric  telegraphs 

27fi3  Henry  Bernoulli  Barlow,  Manchester— Mules  for  spinning. — A  com. 

2764  Thomas  P:ige.  Adelphi  Terrace — Raising  sunken  vessels 

2765  Willoughby  Smith,  Middlesex— Submarine  electric  telegraph  wires 

2766  Leonard  Bennett,  Worcester — Needles 

2767  George  Washington  Bacon,  Paternuster  Row— Gymnastic  exercises 

27  (A  October,  1865. 

2763  Scipion  Sequelin,  Camden  Town— Purification  of  wax 

2769  Edwin  Heywood,  Manchester — Calendering 

2770  Robert  Bell  Sanson,  East  Street— Roller  skates 

2771  Thomas  Greenwood,  Leeds — Wheels  for  railway  carriages 

2772  William  Edward  Newton,  Chancery  Lane— Breech-loading  fire-arms. — A  com. 

2773  John  Garnett,  Windermere— Driving  or  actuating  machinery 

2774  J.  Bernard,  Lincoln's  Iuu  Fields — Apparatus  employed  in  blasting  and  cuttingrock 

28ft  October,  1865. 

2775  George  Clark,  Southwark— Packing  and  labelling  bottles 

2776  Thomas  Brown  Jordan,  Milton  Cottage — Generating  Pteam 

2777  J.  Murray  and  C.  Wells,  Liverpool— Grips  for  attaching  the  sails  of  vessels 

2778  James  Combe,  Belfast— Spinning  flax 

2779  J.  11,  Kitson  and  John  Kirby,  Leeds — Producing  accelerated  motion 

2780  F.  II.  Gossage,  Widnes — Registering  high  temperatures 

2781  Stephen  Cotton,  Leeds— Hackling  flax 

2782  James  Buckingham,  Westmoreland  Hou^c — Lathe  chucks 

2783  James  Buckingham,  Westmoreland  House — Screw  wrenches.— A  com. 

2784  William  and  Edwin  Westmoreland,  Nottingham — Sewing  machines 

2785  Claudius  Erskine  Goodman,  Fuston  Road— Boots  and  shoei 

2786  Henry  Larkin,  Torriano  Cottages — Lamps 

2787  James  and  Joseph  Hinks,  Birmingham— Paraffin  oil  lamps 

30th  October,  1865. 

2788  Jabez  Stanlev,  Sheffield — Knickerbockers  or  leggings 

2789  William  Whittle,  Ilarborne—  Nails 

2790  Frederick  Tolhausen,  Paris — Skates. — A  com. 

2791  Robert  Doyne  Dwyer,  Liverpool— Covering  the  bottoms  of  iron  ships 

2792  Alexander  Braquenie",  Paris — Doubled  face  carpets 

2793  Edward  Meldrum,  Bathgate— Distillation  of  coal  and  shale 

2794  Robert  Girdwood,  Edinburgh— Envelopes 

2795  William  Deakin,  Great  Barr,  and  John  Bagnall  Johnson,  Tettenhall— Ordnance 

2796  William  Edward  Newton,  Chancery  Lane— Mining  picks. — A  com. 

31s(  October,  1865. 

2797  George  Edmund  Donisthorpe,  Leeds — Combing  wool 

2798  D.  P.  G.  Matthews,  Newport — Distributing  sand  on  the  rails  of  railways 

2799  David  Blair  White,  Newcastle-upon-Tyne — Ventilators  for  windows 

2800  Charles  Chattaway,  Hood  Lane— Fire-amis. — Acorn. 

2801  George  Robinson,  Welbeck  Street— Caustic  soda 

2802  T.  F.  Cashin  and  Joseph  Felix,  Sheffield — Fasteners  for  driving  bands 

2803  Robert  Cassels,  Glasgow,  and  Thomas  Morton,  Motherwell— Furnaces 
2S04  Arthur  Deslandrs,  Manchester— Metallic  pipes.— A  com. 

2605  Charles  Emmet,  Dalton— Steam  hammers 

2806  Moses  Bayliss,  Wolverhampton— Spikes 

2807  W.  E.  Newton,  Chancery  Lane— Transmitting  motion  to  propelling  shafts.— A  com. 

2508  Henry  Young  Darracott  Scott,  Ealing— Deodorization  of  sewage  water 

1st  November,  1865. 

2509  E.  A.  Phillips,  Southampton  Buildings— Burning  petroleum  oil.— A  com. 

2810  John  Sellars,  Manchester— Artificial  gum 

2811  Adrien  Jackson,  James  Clough,  and  Charles  Ashley,  Salford— Looms  for  weaving 


2812  Isham  Baggs,  Chancery  Lane— Preserving  provisions 

2813  Auguste  Boissormeau,  Paris — Artificial  eyes 

2S14  Louis  Pfeifer,  Walbrook  Buildings— Fastening  for  travelling  bags. — A  coin. 

2815  Samuel  Solomons,  Albemarle  Street — Transparent  slides  for  magic  lanterns 

2816  John  Kay  Farnworth,  Chester— Lowering  windows  of  railway  carriages 

2817  Alfred  Vincent  Newton,  Chancery  Lane — Dressing  millstones. — A  com. 

2818  C.  H.  Wood  and  E.  L.  Barret,  Thrawl  Street— Purifying  gas 

2819  Arthur  Hamilton  Gilmore,  Burslcdon— Supporting  windows 

2nd  November,  1865. 
2S20  James  Curtis,  Dalton  Rise — Morticing  wood  and  drilling  iron 

2821  Henry  Jones,  Soho  Square— Articles  employed  in  the  game  of  croquet 

2822  W.  E.  Gedge,  Southampton  Buildings— Curing  smoky  chimneys. — A  com. 

2823  William  Brown  West,  Manchester — Plaiting  machines 

2824  M.  Campbell,  Clonreher,  and  A.  C.  P.  Coote  and  J.  C.  A.  H,  Wolfram,  Blackheath 

— Drying  peat 

2825  Ludwig  Schad,  Warrington — Dyeing  and  printing 

2826  Enoch  Rushton,  Macclesfield—  Reeling  silk 

2827  William  Ebenezer  Dobson,  Nottingham— Dressing  lace 

2828  B.  F.  Brunet,  Paris — Ascertaining  the  degree  of  torsion  in  the  threads  of  textile 

snbstances 

2829  Louis  Pebeyre,  Paris — Burning  petroleum 

2830  George  Bartlett,  Brixham — Artificial  manure 
2S31  Charles  Frederic  Henwood,  London — Projectiles 

2832  Edwin  Clark,  Great  George  Street— Sheathing  iron  vessels 

2833  JameB  Webster,  Birmingham — Generating  certain  gases 

3rd  November,  1865. 
2S34  Reuben  Cornelius  Lilly,  Birmingham— Penholder 

2835  Henry  Bessemer,  Queen  Street  Place — Iron  and  steel 

2836  Frederick  Tolhausen,  Paris — Shuttle  motion  for  looms. — A  com. 

2837  James  Jennings  M'Comb,  Liverpool — Compressing  cotton 

2838  James  Balleny  Elkington,  Birmingham — Copper  ore 

2839  Richard  Smith,  Belper— .Mounting  and  driving  millstones 

2S40  G.  Wilson  and  W.  K.  Hydes,  Sheffield — Drawing  apparatus  for  railway  carriages 

2841  Alexander  Horace  Brandon, Paris — Receiving  signals. — A  com. 

2842  Edward  John  Northwood,  Islington— Combining  gold 

2843  Arthur  Heald,  Manchester — Looms  for  weaving 

4ft  November,  18G5. 

2844  Henry  John  Sanders,  Brighouse — Drawing  corks  from  bottles 

2845  Henry  Radcliffe,  Adam  Street— Railway  signals. — A  com. 

2846  Alexander  Jemmett,  Biufield — Scattering  lime 

2847  Jean  Nadal, Newman  Street— Bottle  fountains 
2S4S  William  Brett,  Hertford— Truck  for  wheeling  coke 

2849  Patrick  Benignus  O'Neill,  Saint  Mary's  Villa— Self-acting  boiler  feeder 

2850  J.  King,  Endell  Street,  and  A.  Watson,  Ely  Place — Fastenings  of  carpet-bags 

2851  Thomas  Pa0'e.  Adelphi  Terrace — Raising  sunken  vessels 
£852  William  Gardner,  Queen  Street — Locks 

2853  James  Thys,  Grove  Road — Nou-conductiug  composition 

2854  J.  C.  Edington,  Leicester  Square — Extinguishing  fires  in  warehouses 

2855  Frederick  Campbell,  Duke  Street — Curing  the  tea  leaf 

2856  Joseph  Whitworth,  Manchester — Preparing  ammunition  for  fire-arms- 

eft -Zvbtem/er,  18(5. 

2857  William  Tighe  Hamilton.  Dublin—  Boring  mortices  in  wood 

2858  Reuben  Sims  and  Robert  Burns,  Bedford — Railway  carriages 

2859  Alfred  Paraf.  Manchester — Printing  and  dveing  yarns 

2860  Richard  Christopher  Mansell.  Ashfurd — Wheels  for  engines 

2861  Robert  Flnde,  Leicester — Finishing  hoots  and  shoes 

2862  William  Hebdon,  Mortimer  Road— Measuring  woollen  cloths 

7tk  November,  1S65. 

2863  Thomas  Grayson  and  James  O'Donoghue,  Liverpool — Cement 

2864  C.  J-  Viehoff  and  J.  A.  Matthie-sen,  Paris — Steering  indicators 

2865  William  Esplin  and  James  Clark,  Liverpool — Steering  gear 

2866  Martyn  John  Roberts,  Crickhowell— Preparing  cotton 
2S67  David  Barker,  St.  James's  Street— Bricks 

2868  Hyde  Bateman,  Barnes— Igniting  cigars 

2869  W.  E.  Newton,  Chancery  Lane — Checking  the  recoil  of  cannon. — A  com. 

2870  Francis  Prange.  Liverpool — Steel. — A  com. 

2871  Henry  Hides,  Mortimer  Street — Splint  for  surgical  purposes 

2872  Gustavus  Adolphus  Jasper,  Middlesex,  United  States— Cleansing  sugar 

2873  Francis  G  Bennett,  Brighton— Facilitating  the  walking  of  invalids 

2874  George  Alexander  Smith,  High  Street — Cushions  for  billiard  tables 

SthNovemle;  1865. 

2875  William  Manwaring,  Banbury — Reaping  machines 

'.i876  Robert  Swires,  Manchester — Pointing  cards  on  carding  engines 

2877  Charles  Mole,  Pembroke  Terrace — Boots  and  shoes 

2878  William  Edward  Gedge,  Chancery  Lane — Forges. — A  com. 

2879  Jules  Adolphe  Haine\  Calthorpe  Street— Locks 

2880  John  Henry  Johnson,  Lincoln's  Inn  Fields— Inserting  glass. — A  com. 

2881  Neville  Heard  and  John  Maiden,  Hollinwood— Lubricating  cylinders 
28Q2  Godfrey  Anthony  Ermen,  Eccles — Paper.— A  com. 

2883  James  Eastwood,  Blackburn— Sizing  yarns 

2884  Thomas  Westley  and  Walter  Bibby,  Preston— Pnlley  blocks 

2885  Charles  Cochrane,  Dudley — Separating  dust  from  gases 

2886  William  Daniel  Allen,  Sheffield— Casting  hoops  of  steel 

2SS7  Joseph  Bernard  Oscar  Lassus,  Gers — Renewing  teeth  of  worn-out  files 

9ft  November,  1S65. 

2888  Theophilus  Berrens,  Tarbes — Thrashing  machine 

2889  Benjamin  Pitt,  Hatton  Garden — Doors 

2890  Joseph  Ernest  Avy,  Paris — Self-acting  regulator 

2891  W.  E.  Newton,  Chancery  Lane— Preparing  the  surfaces  of  paper. — A  com. 

10th  November,  1865. 

2892  Theophilus  Redwood,  Montague  Street— Preservation  of  meat 
2S93  Edward  Myers,  Millbank  Row— Wet  gas  meters 

2894  Edward  Thomas  Hughes,  Chancery  Lane— Colouring  matters. — A  com. 

2895  A.  V.  New  ton,  Chancery  Lane — Embossed  wood. — A  com. 
2S96  W.  Middleton,  Knightsbridge — Fret  cutting  or  sawing 

2897  Thomas  Whitwell,  Stockton-on-Tf  es— Furnaces  for  heating  the  blast 

2898  Edward  John  Davis,  Mile  End — Treating  brewers'  grains 

lift  November,  1865. 

2S99  H.  C.  Carden,  Paris— Measuring  intervals  of  time 

2900  James  Norris,  Great  Russell  Street— Hydraulic  and  other  lifts 

2901  Daniel  Slater,  Kettering— Cabinet  furniture 

2902  Charles  W.  Jones,  Cheltenham— Fire-arms  and  projectiles 

2903  W.  E.  Newton,  Chancery  Lane— Amalgams  or  alloys  of  metals.— A  com. 

2904  A.  V.  Newton,  Chancery  Lane— Machinery  for  rolling  shafts  and  axles.— A  com. 

2905  J.  A.  Nicholson,  Adelaide  Place— Regulating  the  flow  of  fluids  in  pipes  or  valves 

2906  John  Millar.  Bethnal  Green— Cartridges 

2907  Samuel  Hand,  Hulme,  and  James  Slater,  Salford— Railway  signals 

2908  W.  R.  Lake,  Chancery  Lane— Crank  axles  of  locomotives.— A  com. 

2909  W.  Reid,  Granton— Supplying  cattle  with  food  and  water  on  railways 

2910  D.  A.  Jones,  Birmingham— Inner  soles  for  boots  and  shoes 
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ON  SOME  POINTS  OF  PRACTICE  IN  IRON  FOUNDING. 
No.  II. 

Let  us  now  take  into  consideration  some  points  in  reference  to  the 
foundry  apparatus  for  the  melting,  and  distribution  to  the  moulds,  of 
the  liquid  iron. 

There  has  long  existed  amongst  ironfounders  a  notion  that  the  rever- 
beratory  air  furnace  presents  great  advantage  over  the  cupola  with  blast, 
in  regard  to  the  quality  of  the  iron  as  affected  in  the  process  of  fusion. 
We  believe  this,  however,  to  be  a  mere  baseless  prejudice,  assuming 
that  the  pit  coal  fuel  of  the  one,  and  the  coke  of  the  other,  are  of 
equally  good  quality.  There  is  no  doubt  that  the  cupola,  as  generally 
worked,  being  supplied  with  an  excess  of  air,  is  an  oxidizing  furnace, 
while  an  excess  of  carbon  in  relation  to  the  draught  can  always  preserve 
the  deoxidating  condition  of  the  air  furnace.  But  unless  coupled  with 
special  conditions  of  fuel  or  of  metal,  these  qualities  are  very  unim- 
portant. Many  impure  sorts  of  pig  iron  are  improved  by  being  melted 
in  an  oxidating  fire ;  for  example,  we  once  had  to  deal  with  a  cargo  of 
pig  iron  which  had  been  obtained  by  smelting  the  refuse  of  the  iron 
pyrites,  after  it  had  been  employed  for  the  production  of  sulphur,  and 
which  must  have  still  contained  so  much  undecomposed  sulphuret  of 
iron,  that  the  pig  metal  produced  was  so  rich  in  sulphur,  the  workmen 
could  scarcely  stand  over  a  large  ladleful  of  it,  when  liquid,  on  account 
of  the  sulphurous  acid  it  evolved. 

Melted  in  the  cupola  in  the  usual  way,  with  the  common  proportions 
of  coke,  and  of  density  and  volume  of  blast,  this  iron  was  worthless.  At 
the  highest  temperature  to  which  it  could  be  brought,  "  it  ran  as  thick 
as  liver,"  as  the  furnace-man's  phrase  is ;  and  when  "  poured  "  and  cold, 
the  castings  were  full  of  vesicles — "  blow  holes." 

Tried  in  the  air  furnace,  its  condition  was  still  worse.  By  increasing 
the  volume  of  air  blown  into  the  cupola,  limiting  the  coke  as  far  as 
temperature  would  allow,  and  slightly  increasing  the  supply  of  lime- 
stone flux,  this  iron  was  enabled  to  be  used,  though  not  without  some 
difficulty.  After  a  second  melting  in  the  cupola,  the  sulphur  appeared 
to  be  wholly  got  rid  of,  in  a  practical  point  of  view. 

This  was  in  days  when  hot-blast  had  not  made  its  way  into  iron  foun- 
dries, and  when  the  use  of  the  educts  of  the  sulphuric  acid  process  as  an 
ore  of  iron  was  a  mere  experiment,  and  the  management  of  the  blast 
furnace  itself  with  such  ore  was  ill  understood.  At  the  present  day  it 
may  be  stated  as  an  interesting  collateral  fact,  that  Messrs.  Bell,  of 
Newcastle,  have  succeeded  in  making  very  good  pig  iron  from  the  refuse 
of  their  sulphur  ores,  and  have  established  at  their  large  chemical  works 
a  blast  furnace  specially  for  thus  working  up  to  profit,  that  which  has 
long  been  with  them,  as  it  still  is  with  others,  a  merely  worthless  mass 
of  material  to  be  carted  away. 

The  deoxidating  flame  of  the  air  furnace,  on  the  other  hand,  is 
assumed  by  the  workman  to  improve  the  pig  iron,  by  not  only  not 
oxidating  out  its  combined  or  mixed  carbon,  but  by  adding  to  its 
amount  There  is  much  error  mixed  up  with  these  views.  The  chief 
discernible  effect  of  the  air  furnace,  as  respects  the  carbon,  is  that  iron 
naturally  rich  in  that  element  is  sometimes  made  "  keesehy  " — that  is 
to  say,  the  carbon  becomes  developed  into  larger  micaceous  scales,  as 
one  result  of  the  slow  action  and  long  continuance  in  a  fluid  state, 
which  appertains  to  this  sort  of  furnace. 

Of  late  years  the  notion  of  there  being  some  radical  superiority  as 
regards  the  quality  of  the  metal  melted  in  the  air  furnace,  has  much 
declined ;  though  it  is  an  example  of  how  slowly  old  prejudices  of  this 
sort,  when  supported  by  being  copied  from  one  book  into  another,  as 
on  "practical  authority,"  get  removed — that  when  just  before  the 
Crimean  war,  the  cast-iron  gun  foundries  were  fitted  out  (under  Colonel 
Wilmot,  R.A.,  we  believe),  air  furnaces  alone  were  provided  for  the 
fusion  of  cast  iron  to  be  run  into  guns. 

At  present  many  large  foundries  still  maintain  their  air  furnaces, 
but  rather  as  an  adjunct  to  the  cupolas — for  supplying  with  these  a 
very  great  volume  of  liquid  iron  occasionally,  when  a  very  large  casting 
is  to  be  made — rather  than  under  the  idea  of  their  superiority.  But 
even  in  this  respect  they  are  in  our  judgment  needless,  and  at  best  but 
cumbrous,  wasteful,  and  expensive  tools,  which  ought,  as  to  a  great 
extent  they  have,  given  place  to  the  cupola.  With  the  latter  properly 
constructed,  of  suitable  magnitude  and  in  sufficient  numbers,  any  con- 
ceivable volume  of  liquid  iron  can  be  commanded,  and  with  an  immense 
economy  in  time  and  fuel,  as  well  as  in  outlay  and  foundry  space;  so 
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that  in  designing  a  new  foundry,  upon  whatever  magnitude,  we  should 
never  propose  to  employ  anything  but  the  cupola. 

The  old  form  of  cupola,  in  use  up  to  perhaps  five  and  thirty  years  ago, 
was  rectangular.  It  consisted  of  an  external  casing  of  cast-iron  plates, 
bolted  together  with  flanges  at  the  angles,  which  were  sometimes  rounded 
off.  The  sides  were  quite  vertical,  and  the  "  lining  "  was  of  common 
square-made  fire-brick  set  in  tempered  fire-clay.  The  internal  cavity 
was  usually  not  square  in  plan,  but  rectangular — the  adjacent  sides 
being  to  each  other  in  the  ratio  of  about  3  to  4  or  4.J,  and  the 
blast  introduced  at  the  narrower  sides.  The  height  from  the  interior 
"  bottoming "  to  the  top  plate  of  cast  iron  which  covered  the  upper 
surface  of  the  brick  lining,  was  usually  not  more  than  3j  or  4  times 
the  major  side  of  the  rectangle  of  plan.  The  cupola  stood  upon  a  low 
bench  of  common  brickwork,  about  two  feet  above  the  level  of  the  sand 
floor,  which  it  faced,  and  the  blast  pipes  were  brought  up  to  it  at  the 
back.  Two  set  of  "twyers"  were  employed.  The  "twyer  pipes"  were 
usually  elbow  pipes  of  sheet  copper,  and  were  connected  with  the 
extremities  of  the  two  cast-iron  blast  pipes  by  a  sufficient  length  of 
thin  leather  pipe  or  hose,  to  admit  of  what  was  called  "  shifting  the 
twyers."  There  were  from  four  to  six  holes  above  each  other,  each 
about  3  inches  diameter  or  square,  provided  at  each  opposite  side 
through  the  brick  lining,  for  which  corresponding  apertures  were  made 
in  the  external  casing  plates.  The  lowest  of  these  "  twyer  holes  "  were 
generally  about  10  or  12  inches  above  the  bottoming,  and  the  others  in 
succession  over  each  other,  with  intervals  of  about  8  or  10  inches 
vertically  between  them. 

The  furnace  being  charged,  i.e.,  the  coke  filled  in  upon  a  mass  of 
firewood  at  bottom,  and  the  "  tap-hole  "  in  front  still  open  to  allow  of  a 
draft  upwards,  so  that  the  mass  of  coke  might  become  ignited  all  through, 
the  "  breast "  of  the  f ap-hole  was  stopped  in  with  a  shovelful  or  two 
of  sand  from  the  moulding  floor,  rammed  up  hard — the  round  tapping 
hole  being  still  preserved  open — and  the  blast  was  thrown  on,  being 
introduced  at  first  by  the  lowest  pair  of  twyers.  All  the  other  twyer 
holes,  except  the  two  iu  use,  were  always  kept  stopped  with  rammed-in 
sand. 

The  pig  and  scrap  cast  iron  being  now  charged  in  on  top,  with  relays 
of  coke,  and  with  occasional  supplies  of  limestone,  the  iron  soon  began 
to  run.  As  soon  as  a  thread  of  liquid  iron  made  its  appearance,  trick- 
ling from  the  tapping  hole  in  front,  this  aperture  was  also  stopped 
with  sand,  and  the  process  of  fusion  went  on,  until  iu  the  lower  part 
of  the  cupola  the  liquid  iron  had  accumulated,  so  as  to  have  risen  Dearly 
to  the  level  of  the  lower  edge  of  the  lowest  twyer.  Then  when  the 
furnace-man  saw  this,  by  looking  into  the  twyer  hole,  he  raised  the  pair 
of  twyers  to  the  next  pair  of  holes  above,  and  stopped  carefully  those 
previously  in  use  below.  And  so  he  went  on  (if  it  were  that  a  volume 
of  liquid  iron  equal  to  the  utmost  power  or  content  of  the  cupola  were 
required  for  any  one  casting),  until  he  had  raised  the  twyers  to  the 
uppermost  pair  of  holes,  by  which  time  the  cupola  was  "  full."  That 
is  to  say,  there  was  as  much  liquid  iron  mixed  with  coke  and  slag,  &c., 
collected  in  it,  that  were  more  melted  without  "  tapping  out,"  it  would 
have  overflowed  at  the  uppermost  pair  of  twyer  holes. 

In  this  state  of  things  it  is  obvious  that  the  interior  walls  of  the 
cupola  were  exposed  to  the  hydrostatic  pressure  of  a  volume  of  liquid 
iron  pressing  upon  their  full  surface,  and  equal  in  maximum  head  or 
height  to  the  entire  depth  between  the  top  twyers  and  the  bottom- 
ing. And  as  the  specific  gravity  of  liquid  cast  iron  is  not  much  under 
7",  with  a  head  of  about  58  or  59  inches,  the  bursting  pressure  on 
the  bottom  and  sides  next  it  was  not  far  from  being  equal  to  one 
atmosphere. 

And  in  fact,  accidents  by  the  bursting  of  these  rectangular  cupolas, 
with  shifting  twyers,  were  far  from  unknown.  We  have  heard  of  one 
fatal  accident,  and  know  of  one  having  been  prevented  by  the  singular 
presence  of  mind  and  courage  of  a  moulder,  who  happened  to  see  a 
thin  liquid  line  of  red-hot  iron  suddenly  make  its  appearance  near  the 
bottom  of  one  of  the  flanged  joints  of  the  cupola,  and  instantly  strutted 
against  the  plate  the  iron  rammer  he  held  in  his  hand,  which  happened 
to  be  just  the  right  length  between  the  plate  and  an  adjacent  wall. 

Many  other  accidents  are  no  doubt  known  to  others,  and  in  fact, 
when  the  cupola  of  this  "  auld  warld  "  construction  and  working  was 
of  at  all  a  large  size,  and  "full,"  it  was  to  be  approached  with  much 
deference  by  any  man  who  had  not  the  bliss  of  ignorance  to  assure 
him.  The  rectangular  form  was  adopted  merely  because  fire  brick  for 
lining  in  no  other  shape  but  parallelepiped  was  readily  procurable. 
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"  Wedge  brick  "  was  yet  a  novelty,  except  in  some  parts  of  the  iron- 
making  districts.  There  were  other  items  of  very  primitive  arrange- 
ment in  the  furnace  of  that  date  also.  The  copper  elbow  twyer  pipes 
were  generally  wedged  with  a  piece  of  taper  iron  into  the  aperture  of 
the  twyer  hole,  which  they  could  not  fully  fill,  because  it  was  necessary 
the  furnace-man  should  have  space  enough  beside  the  twyer  to  get  a 
glimpse  of  the  interior  of  the  furnace,  so  as  to  tell  when  the  melted  iron 
was  near  the  level  of  the  twyer  hole.  The  reaction  of  the  issuing 
stream  of  blast  often  forced  back  the  loose  twyer  pipe,  or,  as  it  was 
called,  "  blew  out  the  twyer,"  the  coming  out  of  which  was  followed 
by  a  torrent  of  flame,  blown  out  by  the  other  twyer  still  in  place,  which 
not  only  made  it  hazardous  and  difficult  to  replace  the  blown  out  one, 
but  which  often  scorched  or  burnt  up  the  leather  flexible  air  pipe. 

The  cupola  was  fed  from  a  low  iron  shelf  or  platform  raised  to  a 
level  a  little  above  the  top  twyer,  and  approached  by  steps  at  one 
side  or  from  behind.  Upon  this  the  furnace-man  stood,  and  fed  in  the 
iron  by  hand,  and  the  coke  and  limestone  from  a  wire  "  riddle "  or 
scuttle  of  sheet  iron.  These  shelves  protected  the  leather  pipes  a  good 
deal  from  falling  cokes  blown  out  at  the  top;  but  not  very  infrequently 
one  of  these,  or  some  other  unlucky  spark,  fell  upon  the  leather  and  burnt 
a  hole  through.  These  accidents  might  happen  when  the  cupola  was 
nearly  full,  but  still  wanting  in  enough  iron  to  make  a  casting ;  and 
before  relay  leathers  could  be  got  on  and  adjusted,  it  might,  in  small 
cupolas,  become  necessary  to  "  tap  out,"  or  to  risk  the  not  being  able 
to  tap  out  at  all. 

The  tapping  out,  then  as  now,  was  performed  by  pushing  and 
wriggling  a  pointed  iron  bar  through  the  stopping  of  the  tap-hole  in 
the  sand  breast.  As  the  blast  was  often  feeble  enough,  and  the  cupola 
very  short  in  height,  the  rate  of  melting  was  slow  enough ;  half  a  ton 
of  metal  per  hour  was  deemed  a  prodigious  performance  from  one 
ordinary  or  "  jobbing  "  cupola.  The  result  was,  that  in  a  case  where  it 
had  to  be  "  blown  full,"  so  long  a  time  elapsed  before  this  was  accom- 
plished from  the  time  of  "  stopping  up,"  that  the  sand  stopping  itself 
got  so  effectually  baked  and  partially  melted  into  a  thick,  tough,  and 
highly  resistant  slaggy  material,  that  no  force  of  the  pushing  and 
wriggling  sort  which  one  or  even  two  men  could  employ  would  force 
the  tapping  bar  into  the  furnace.  Resort  was  then  to  be  had  to  the 
sledge-hammer,  striking  on  the  end  of  the  tapping  bar,  which  generally 
effected  a  forcible  entry,  but  sometimes  so  shook  the  whole  sand  breast 
that,  under  the  pressure  of  the  liquid  iron,  it  gave  way  all  at  once,  and 
a  sudden  torrent  of  iron  and  white-hot  cokes  rushed  out,  endangering 
the  life  of  the  poor  furnace-man. 

The  aperture  called  the  breast  was  in  those  days  usually,  in  all 
sized  cupolas,  about  10  or  12  inches  wide  by  15  or  18  inches  high. 
A  cast-iron  projecting  Bhoot  of  a  foot  or  more  long  was  fitted  into  its 
lower  part,  and  tailed  in  under  the  "  bottoming  "  of  sand,  which  alone 
kept  it  in  place.  This  shoot  was  lined  with  loam  or  loamy  rammed 
sand,  "  clay-washed,"  to  make  a  spout  for  the  tapped-out  iron  to  run 
from  into  the  ladles. 

The  whole  surface  of  the  breast  was  merely  sand-stopped ;  there 
was  no  covering  plate  of  iron  over  the  sand  stopping  within  ;  and  hence 
a  very  little  blow-shaking  was  enough  to  bring  the  sand  all  down. 
Instances  of  the  breast  being  forced  out  by  the  pressure  within  were 
not  unknown  either. 

Such  was  the  old  cupola,  and  with  such  or  little  better  tools  were 
the  smaller  castings  of  Southwark  Bridge,  of  the  Menai  aud  Conway, 
and  of  many  another  still  grand  works  of  our  fathers'  days,  produced. 
In  some  of  the  remoter  iron  regions  of  Germany,  in  Styria,  Lusatia, 
and  the  confines  of  Russian  Poland,  such  cupolas  may  still  be  seen, 
but  in  Great  Britain  they  have  disappeared. 

Let  us,  then,  proceed  to  the  modern  cupola,  and  consider  what  are 
its  best  conditions  of  construction  and  use.  For  many  reasons  the 
cylindrical  form  is  the  proper  one  for  a  cupola.  It  is  the  strongest  to 
resist  internal  liquid  pressure,  though  this,  from  improved  modes  of 
working,  is  no  longer  of  the  same  importance  it  once  was.  It  is  also 
the  form  that,  with  a  given  capacity,  presents  the  minimum  surface  of 
internal  brick  lining — and  hence  the  minimum  wear  and  tear  of  this 
by  the  action  of  the  fire — and  the  minimum  external  surface  to  be 
cooled  by  radiation  aud  evection  by  draughts  of  air. 

The  cylindric  shell  of  a  cupola  may  be  made  cither  of  cast  iron  or 
of  boiler  plate,  rivetted  up  like  a  boiler  set  on  end.  Cast  iron  looks 
best  and  lasts  longest,  and  on  the  whole  we  ourselves  have  preferred 
it ;  but  in  large  cupolas  the  cast  iron  should  be  hooped  with  wrought 


iron,  to  preclude  the  possibility  of  the  disastrous  results  that  might  arise 
from  the  cracking  and  falling  away  of  a  large  portion  in  work.  As 
we  shall  presently  see,  this  risk  as  arising  from  the  internal  pressure 
of  liquid  iron  is  now  but  small;  but  the  shell  of  a  cylindric  cupola  is 
exposed  to  very  serious  strains  from  the  expansion  of  the  lining  when 
it  has  been  heated,  and  to  violent  changes  of  external  temperature,  or 
even  to  have  water  splashed  against  it  when  hot ;  and  for  these  reasons 
alone  ought  to  be  hooped. 

Some  years  since  we  constructed  a  very  large  cylindrical  cupola. 
The  internal  diameter  was  7  feet  for  about  half  the  height,  above  which 
it  was  narrowed  to  6  feet,  and  then  to  nearly  5  feet ;  the  entire  height 
was  above  20  feet,  and  the  shell  was  cast  in  three  lengths,  which  stood 
upon  each  other  with  rabbeted  junction  flanges.  Belts  were  cast  pro- 
jecting from  the  exterior,  at  intervals  of  about  18  inches  on  the  lower 
length  aud  wider  apart  on  the  upper  ones,  and  were  tapered  on  their 
upright  faces,  so  as  to  form  frustra  of  cones,  upon  which  wrought-iron 
hoops  of  about  3$  by  1  inch  at  bottom  and  3£  by  J  inch  at  top  were 
shrunk  on  slightly  hot.  The  belts  projected  most  at  bottom  of  each 
length,  so  that  the  hoops  should  pass  easily  over  the  upper  belts  to 
grasp  the  lower  ones  in  place.  This  cupola  was  found  to  work  well ; 
and  when  in  continuous  work,  all  day  long  delivering  out  liquid  iron, 
would  supply  with  ease  24  tons  per  hour,  with  a  consumption  of  not 
more  than  4  to  5  cwt.  of  coke  to  the  ton  of  liquid  iron. 

With  one  exception,  dependent  upon  a  necessity  of  its  position,  this 
cupola  possessed  every  appliance  in  construction ,  that  belongs  to  the 
best  modern  cupola.  It  was  necessary  to  rake  it  out  in  front  through 
a  large  breast  aperture  when  the  day's  work  was  done.  This  laborious 
process  to  the  furnace-man  may  be  advantageously  avoided  by  making 
the  bottom  of  the  cupola  to  drop  like  a  trap,  and  so  to  drop  the  whole 
of  the  "  bottoming  "  of  sand  with  the  slag  and  cokes  into  a  pit  beneath, 
where  the  cokes  can  be  instantly  extinguished  by  water. 

The  beau  ideal  of  a  perfect  cupola  of  large  size — such,  for  example, 
as  will  supply  "in  full  gate"  a  ton  an  hour  or  upwards— we  deem  to 
be  comprised  as  follows  : — 

First  as  to  internal  form  and  proportion.  The  plain  cylinder,  taper- 
ing after  one  diameter  or  thereabouts  in  height  into  a  conic  fruslrum, 
but  not  tapering  much,  we  think  the  simplest  and  best  form.  Height 
in  proportion  to  diameter  is  the  grand  desideratum  to  make  the  cupola 
work  economically  of  coke.  The  practical  limit  to  this  is  when  the 
height  becomes  so  great  that  it  is  inconvenient  to  feed  into  the  mouth 
above ;  and  with  large  cupolas  this  limit  is  reached  before  that  height 
is  attained  that  will  exhaust  as  much  of  the  waste  heat  at  the  mouth 
of  the  furnace  as  might  be  saved. 

Four  or  five  diameters  high  we  have  found  to  work  well  and  econo- 
mically, and  without  inconvenience ;  aud  a  greater  height  may,  with 
economy  of  fuel,  be  employed  when  the  diameter  does  not  exceed  3£ 
or  4  feet.  The  cupola  above  the  mouth  (or  level  of  the  refractory 
lining  walls)  should  be  surmounted  by  a  conical  or  taper  chimney  of 
brick,  rising  from  15  to  20  feet  above  it.  This  may  either  have  an 
iron  casing  the  whole  way  up,  carried  up  from  and  supported  by  the 
shell  of  the  cupola — more  especially  if  this  be  made  of  boiler  plate — 
and  through  this  at  one  side  the  mouth,  or  feeding  aperture,  may  be 
pierced,  at  about  18  inches  above  the  level  of  the  feeding  platform ; 
or  what  we  deem  a  much  better  arrangement,  as  follows : — 

Four,  or  in  large  cases  six,  cast-iron,  square,  hollow,  IT-sectioned 
pillars  of  about  4j  feet  high,  are  supported  on  and  socketed  into  as 
many  brackets  cast  on  to  the  top  plate  of  the  cupola,  and  clear  outside 
of  the  cylindric  shell.  These  are  connected  together  at  top  by  a 
circular  flat  ring  of  cast  iron,  with  an  outside  edge  flange  looking 
upwards.  Upon  this  ring  the  conical  chimney  is  carried  up  in  brick- 
work to  the  desired  height.  It  is  not  necessary  that  best  fire-hnck 
should  be  used  for  this  chimney  (or  rather  hood) ;  common  stock  brick 
will  answer — set,  however,  in  fire-clay ;  and  when  the  height  does  not 
exceed  20  feet  or  so,  one  brick  thick  for  the  first  5  or  6  feet,  and  then 
half  a  brick  is  sufficient.  The  taper  is  and  should  be  considerable  in 
this  height;  for  example,  the  internal  diameter  at  base  for  a  4  feet 
diameter  cupola  inside,  with  9  inch  lining,  should  be  nearly  6  feet,  and 
need  not  be  more  than  3  feet  at  top.  Upon  the  outside  of  the  brick- 
work of  the  cone,  hoops  of  common  hoop  iron  of  about  2  inches  by 
J  inch  are  dropped  on,  at  intervals  up  and  down  of  about  2  feet. 
Such  a  chimney  hood,  we  can  state  from  experience,  will  last  for  years. 

To  complete  the  description  of  the  upper  part  of  the  cupola : — Above 
the  top  plate  of  the  cupola  proper— i.e.,  above  its  lining — a  cylinder 
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of  fire-brick  is  built  up  inside  the  pillars  that  support  the  chimney 
hood,  filling  up  the  entire  vertical  height  between  the  top  plate  and  the 
ring  before  mentioned  which  forms  the  base  of  the  chimney  hood ; 
except  at  one  side  where,  for  the  whole  height,  about  one-sixth  of  the 
circumference,  between  two  adjacent  pillars,  is  left  vacant,  and  two 
brick  jambs  carried  up,  so  as  to  leave  a  mouth  or  charging  aperture. 

A  cupola  thus  constructed,  when  in  blast,  works  with  the  most  perfect 
comfort  to  the  furnace-man,  who  attends  it  on  the  feeding  platform. 

The  strong  draught  that  sets  into  the  feeding  mouth,  owing  to  the 
heat  of  the  walls  of  the  chimney  hood  above  it,  and  to  the  ascending 
currents  of  hot  gases  and  flame  coming  from  the  body  of  the  cupola, 
prevents  the  issuing  of  a  particle  of  flame  or  of  noxious  vapour  against 
the  attendant's  person.  As  the  feeding  mouth  thus  made  is  at  least 
3  feet  wide  and  about  4i  feet  high,  the  furnace-man  can  fully  observe 
the  working  of  the  furnace.  He  sees  easily  over  the  whole  of  the  fuel, 
&c,  on  its  upper  surface,  and  he  sees  and  knows  easily  when  it  will 
be  advantageous  or  not  to  thrust  down  his  long  iron  bar,  to  consolidate 
the  matters  in  the  furnace  below,  when,  as  often  happens  for  a  few 
minutes,  pieces  of  pig  or  other  iron  in  a  half-melted  state  cling  together 
and  arrest  the  uniform  descent  of  the  fuel,  &c.  If  the  top  of  the 
chimney  hood  be  overhung  by  lofty  buildings,  or  the  foundry  be  in  a 
gusty  region,  so  that  sudden  downdraughts  may  happen,  it  is  advan- 
tageous to  have  a  sheet-iron  screen  to  the  mouth,  which  can  be  readily 
drawn  or  withdrawn  by  the  furnace-man. 

In  the  furnaces  constructed  by  ourselves,  this  screen  was  of -^  inch 
plate,  curved  to  the  circle  of  the  base  of  the  chimney  hood,  and  was 
hung  by  two  little  rollers  attached  to  its  upper  edge,  which  ran  upon 
a  bar  fixed  to  the  flanged  ring  or  base  of  the  chimney  hood,  and 
external  to  it.  By  a  touch  of  the  rake  or  bar  it  could  be  run  aside, 
or  the  contrary.  It  was  never  used  but  in  stormy  weather,  how- 
ever, and  sometimes  not  even  then  ;  for  men  who  work  very  hard 
prefer  often  to  suffer  a  good  deal  of  inconvenience,  or  even  danger, 
rather  than  add  even  feather-weight  to  their  load  of  daily  toil.  This 
is  in  great  part  the  explication  of  "  the  recklessness,"  and  so  forth, 
which,  with  other  hard  names  and  qualities,  philanthropists  ascribe  to 
such  men  as  the  Sheffield  file-cutters  or  grinders. 

But  to  return,  and  to  descend  now  to  the  base  of  the  cupola.  A 
pit  should  be  formed  in  brickwork  below  the  level  of  the  furnace  house 
or  foundry  floor,  and  covered  over  for  the  reception  of  the  blast  pipes. 
This  should  be  situated  well  behind  the  range  of  cupolas.  The  two 
branch  pipes  leading  to  the  twyers  of  each  separate  cupola  should  be 
carried  off  from  the  air  main,  horizontally  and  at  the  same  level,  also 
in  covered  pits,  until  they  reach  the  line  of  the  vertical  axis  of  the 
cupola,  where  they  should  turn  up,  and  appear  vertically  above  the 
floor  level  and  ascend  to  the  necessary  height. 

Between  these  pipes  either  four  square  brick  piers,  cr  two  rectan- 
gular (in  plan)  the  long  way,  being  square  to  the  air  main  behind, 
should  be  carried  up  from  a  good  foundation,  which  should  give  a  clear 
height  of  piers  of  at  least  6J  feet. 

Along  the  front  side  of  the  cupolas,  at  the  level  of  the  base  of  these 
brick  pillars,  should  run  a  covered  passage  (beneath  the  floor  of  the 
fumace  house),  which  should  be  vaulted  over  and  be  in  free  communi- 
cation with  the  spaces  preserved  between  the  brick  pillars,  and  directly 
beneath  each  cupola.  In  the  bottom  of  this  passage  a  pair  of  light  rails 
should  be  laid,  upon  which  a  moderate-sized  truck,  with  body  of  sheet- 
iron,  can  run,  into  which  the  coke,  &c,  dropped  out  from  the  cupolas 
when  thrown  out  of  blast,  may  fall.  The  passage  and  rails  must,  in 
such  way  as  will  best  suit  local  convenience,  rise  by  an  incline  to  the 
level  of  the  surface  ;  or,  if  this  cannot  be  done,  the  body  of  the  truck 
or  trucks  must  be  made  to  lift  off,  or,  with  the  wheels  and  the  full  of 
coke,  &c,  be  hoisted  by  a  crane  to  surface  level.  Each  of  the  brick 
piers  should  be  capped  by  a  cast-iron  plate,  and  upon  the  caps,  as  a 
basis,  should  stand  at  equidistant  points  four  short  and  very  stout  cast- 
iron  columns.  These  are  to  be  so  placed  as  to  support  the  bottom  and 
shell  of  the  cupola,  and  yet  leave  all  the  central  part  of  the  bottom, 
interior  to  the  brick  lining  circle,  free. 

The  bottom  shell  of  the  cupola  should  consist  of  a  flat  flanged  ring, 
of  sufficient  width  and  strength  amply  to  support  the  brick  lining  wall, 
and  leaving  a  central  circular  aperture  of  the  same  internal  diameter, 
or  as  near  that  as  possible.  To  this  aperture  a  trap-door,  which  should 
be  of  wrought-iron  plate,  is  to  be  hinged  by  a  bolt  passed  through 
eyes  at  the  back  side  of  the  cupola.  When  closed,  and  therefore  in 
the  horizontal  position,  this  trap  should  be  secured  there  by  either  any 


sort  of  simple  but  thoroughly  effective  and  safe  latch  or  bolt,  which 
can  be  drawn  by  striking  it  on  end  by  a  blow  with  a  sledge-hammer, 
so  as  to  let  the  trap  drop  to  a  vertical  position ;  or,  what  we  prefer, 
by  two  simple  cotter  wedges  and  square  hooks,  which  can  be  simul- 
taneously knocked  out  in  the  same  way. 

The  object  of  all  this  is  pretty  obvious :  it  is  to  enable  the  whole 
contents  of  the  furnace,  when  "  done  work,"  to  be  dropped  out  through 
the  bottom  and  into  the  pit  beneath,  where  the  hot  cokes,  &c,  can  be 
cooled  at  once,  either  by  letting  them  drop  into  a  cast-iron  or  brick 
trough  full  of  water  arranged  to  receive  them,  or  cooled  by  the  hose 
and  jet  as  they  fall.  The  latter  method  of  quenching  and  cooling  we 
greatly  prefer,  and  for  a  sound  practical  reason.  The  volume  of  coke 
in  a  large  cupola,  even  when,  as  it  always  should  be  by  a  careful 
furnace-man,  "blown  down  low"  at  the  end  of  the  day,  or  spell  of 
work,  is  still  very  considerable  ;  and  although,  after  the  intense  ignition 
up  to  a  blue-white  heat  which  it  has  undergone  in  the  furnace,  it  is  found, 
however  carefully  quenched,  reduced  to  a  very  light,  friable,  spongy 
fuel,  only  fit  to  mix  with  new  coke,  yet  it  is  worth  a  good  deal,  and 
should  not  be  heedlessly  further  injured.  Now,  if  the  coke  be  dropped 
white-hot  into  water,  it  not  only  gets  greatly  comminuted  by  the 
sudden  cooling,  but  plunged  thus  into  water  its  whole  spongy  mass 
gets  saturated  with  the  latter.  The  result  is,  that  when  the  water  is 
drawn  off,  or  the  coke  taken  out,  it  cannot  be  dried ;  it  is  thrown  wet 
into  the  cupola  with  the  new  coke,  and  a  large  portion  of  its  entire 
weight  is  consumed  in  dissipating  its  own  moisture,  in  doing  which 
the  temperature  of  the  cupola  is  also  lowered.  If,  on  the  contrary, 
the  heap  of  hot  coke  be  dropped  down  upon  a  soft  bed  of  a  few  inches 
of  dry  sand,  and  the  furnace-man  cools  it  by  the  jet  and  hose,  he  can 
proportion  the  water  with  ease,  so  that  the  fuel  is  just  quenched  and 
cooled  below  the  point  of  re-ignition,  and  no  more  ;  and  in  this  state, 
when  the  heap  is  a  little  spread,  the  remaining  heat  will  be  found  to 
have  almost  completely  dried  up  the  coke  by  the  next  morning,  and 
so  the  loss  of  fuel  is  minimized. 

The  trap  bottom  remains  dropped  or  open  all  night  of  course,  as  it 
is  necessary  to  let  the  lining  of  the  cupola  cool,  so  that  the  furnace- 
man  may  enter  it  the  next  morning  to  repair  the  lining  where  eaten 
into  unequally  or  otherwise,  b}T  fusion  of  the  bricks,  and  to  put  in  a 
new  bottoming  of  loamy  sand. 

The  result  of  this  construction  is,  that  a  powerful  draught  of  air  is 
produced  upwards  through  the  open  bottom,  and  through  the  cupola 
and  chimney  over  its  top,  which  brings  it  to.  a  bearable  temperature 
at  an  early  hour  of  the  morning. 

Where  this  method  of  dropping  out  cannot  be  adopted,  as  will  from 
local  difficulties  sometimes  happen — as,  e.g.,  when  a  cupola  and  foundry 
are  situated  up  stairs,  so  to  say,  with  other  workshops  below,  which  has 
sometimes  happened  in  crowded  cities  &c. — then  the  old  plan  of  raking 
out  in  front  must  be  still  employed,  but  with  this  improvement,  that 
the  breast  apertures  should  be  made  quite  20  inches  or  2  feet  square, 
and  should  be  externally  closed  with  a  wrought-iron  plate,  hatch  door, 
or  sluice,  which  should  be  dropped  into  place  vertically,  and  kept  there 
by  four  large  and  strong  hooked  wrought-iron  dogs,  two  at  each  side. 
This  plate  should  have  a  small  arched  aperture  provided  in  the  centre 
of  its  lower  edge  (5  inches  wide  by  6  or  7  inches  liigh  is  sufficient), 
through  which  the  tapping  hole  and  tapping  of  the  metal  are  prac- 
tised. In  preparing  the  furnace  for  work,  the  furnace-man,  when 
putting  in  the  sand  bottoming,  also  rams  the  same  material  from  the 
inside  up  solidly  against  this  plate  (or  apron,  as  it  is  sometimes  called), 
and  to  the  full  thickness  of  the  brick  lining,  forming  through  the  sand 
(at  the  bottom  and  on  the  level  of  the  loam  or  other  lining  of  the 
spout,  or  shoot  outside)  the  tapping  bole,  by  moulding  it  upon  a 
smooth  cylinder  of  bar  iron,  usually  of  about  2  inches  diameter,  which 
he  withdraws  from  the  outside,  after  he  has  charged  his  furnace. 

Some  furnace-men,  however,  prefer  a  different  practice,  and  one 
against  which  no  great  objection  can  be  made.  They  charge  and 
ignite  the  cupola  before  closing  up  the  large  aperture  of  the  breast  at 
all.  As  soon  as  the  firewood  has  burnt  out  and  the  coke  is  well 
ignited,  which  takes  place  very  rapidly  and  effectually  where  there  is 
such  a  free  supply  of  air  draught  through  this  large  breast  opening, 
they  then  throw  several  shovelsful  of  loamy  sand  in  succession  against 
the  coke  that  has  come  down  to  the  breast,  ramming  it  up  as  they  go 
on  until  the  whole  breast  is  filled  full  and  hard,  aud  the  outer  face  of 
sand  is  half  an  inch  or  so  flush  of,  or  in  advance  of,  the  jaws  of  the 
breast  apron,  if  the  latter  were  in  place.     They  then  slide  down  this 
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apron,  or  force  it  into  place,  its  lower  edge  shearing  off  the  superfluous 
sand,  so  that  the  latter  remains  in  firm  contact  with  the  back  of  the 
apron. 

Of  course  the  tapping  hole  has  been  in  either  case  preserved  through, 
as  already  described.  When  this  is  to  be  stopped  upon  the  metal 
beginning  to  run  fast,  and  after  each  subsequent  "  tapping  out,"  it  is 
done  by  thrusting  against  the  mouth  of  the  original  hole,  or  of  the 
small  hole  made  by  the  tapping  bar,  a  conical  plug  of  stiffly  tempered 
clay  stuck  upon  the  end  of  a  cylindrical  pole  of  soft  wood,  usually  pine, 
provided  with  a  thick  but  short  iron  ferule  at  that  end,  which  is  usually 
made  of  thick  nail-rod  iron.      This  pole  is  known  as  the  "  bott-stick." 

There  is  more  knack  in  well  applying  the  "bott-stick"  than  a 
looker-on  might  imagine — especially  in  "  botting  up  "  a  cupola  when 
enough  iron  has  been  tapped  off,  and  which,  with  a  powerful  stream  of 
iron  still  running,  contains  perhaps  15  or  18  inches  deep  or  more  in  head 
of  liquid  iron.  In  nothing  is  the  difference  between  a  really  skilful  and  an 
unskilled  furnace-man  shown,  than  in  performing  this  apparently  simple 
operation — one  which  in  even  the  best  hands  will  sometimes  fail.  In 
fa'ct,  we  have  ere  now  seen  a  ten  ton  crane  ladle  overflow,  and  its 
pouring  or  "  canting  gear  "  get  clogged  with  hot  but  solidified  iron, 
owing  to  some  accidental  fistula,  so  to  say,  or  angular  sinus,  in  the 
tapping  aperture.  This  was  eaten  away  unequally  by  the  stream  of  liquid 
iron  running  for  many  minutes ;  and  not  all  the  efforts  of  two  most  skilful 
and  daring  furnace-men  could  stop  the  stream  with  bott  after  bott — the 
iron  squirting  out  at  one  place  as  fast  as  it  was  stopped  at  another,  and 
endangering  the  lives  of  the  men  near  it.  This  was  in  the  days,  how- 
ever, when  cupolas  were  "  blown  up  to  the  top  twyer,"  in  accordance 
with  old  practice,  and  when  a  head  of  4  or  5  feet  of  liquid  iron  within 
was  not  uncommon. 

In  such  an  emergency,  if  the  tapping  stream  be  not  very  large  in 
volume,  and  that  the  breast  of  the  furnace  can  be  safely  approached — 
i.e.,  if  there  be  no  full  or  half-full  "  crane  ladle"  standing  at  it  with  a 
radiating  surface  of  iron,  which  is  unbearable  unless  it  can  be  covered 
by  throwing  two  or  three  light  sheets  of  iron  over  it,  resting  on  the  lip 
of  the  ladle — we  have  seen  the  following  "  dodge  "  perfectly  successful 
in  arresting  the  stream  which  defied  "botting  up  :" — One  furnace-man 
threw  rapidly  into  the  stream  in  the  shoot  or  spout  of  the  furnace,  a 
large  piece  of  cold  pig  iron;  another  threw  on  it  a  shovelful  of  loose 
sand,  and  then  three  or  four  more  lumps  of  pig  on  that,  then  another 
shovel  of  sand  and  more  pig.  In  a  few  seconds  the  divided  streams  of 
liquid  iron  had  got  so  chilled  by  the  cold  iron,  as  to  have  lost  their 
perfect  liquidity,  and  ceased  to  flow.  After  the  pigs  are  picked  off 
matters  revert  to  their  usual  trim. 

Reverting  to  the  movable  apron :  it  securely  closes  the  otherwise 
unsafe  breast  while  the  furnace  is  "agait;"  and  as  soon  as  the  apron  is 
drawn  up  and  removed,  an  aperture  is  easily  opened  into  the  furnace, 
of  a  magnitude  that  would  be  utterly  unsafe  without  such  protection, 
and  by  means  of  which  the  "  raking  out "  of  the  cupola  at  the  end  of 
the  day  is  readily  and  easily  performed. 

The  raking  bar  is  usually  from  10  to  15  feet  long,  of  l£  to  1£  round 
iron,  with  the  end  next  the  hook  of  the  same  sized  square  bar. 

The  hook  is  about  five  inches  long,  turned  at  right  angles  to  the  bar, 
which  has  an  oval  eye  for  the  hand  at  the  other  end.  It  is  worked  by 
the  furnace-man  horizontally  over  an  iron  rest,  which  supports  its  weight, 
being  placed  nearly  under  the  centre  of  gravity  of  the  horizontal  bar. 

The  operation  of  raking  out,  which  the  "  drop  bottom  cupola  "  avoids, 
is  a  severe  trial  of  labour  and  endurance  of  heat,  scorching,  and  cold 
draughts  at  once,  to  the  furnace-man,  coming  as  it  does,  too,  at  the  end 
of  his  day's  toil.  He  must  stand  stooping,  within  about  8  or  10  feet 
of  a  heap  of  coke  (often  the  full  of  a  cart  iu  bulk),  which  comes  out  of 
the  furnace,  blue-white  hot — literally 

"  Dim  with  excess  of  light," 

and  the  most  inured  and  fire-prooi  face  cannot,  without  pain  and  grief, 
withstand  its  intolerable  rays. 

Some  furnace-men  slip  a  damp  coarse  cloth,  with  an  aperture  to  see 
through,  over  their  heads  ;  some  brave  it  out,  like  the  Sheffield  grinders, 
without  any  preservative  but  perhaps  a  sheet  of  old  iron  stood  up 
against  the  rake  rest.  In  a  foundry  with  which  we  were  ourselves 
connected,  and  where  raking  out  was  inevitable,  we  provided  the  men 
with  a  light  movable  screen  of  sheet  iron,  on  four  small  wheels,  and 
with  a  slot  through  it,  which  formed  the  rake  rest.  It  was  highly 
approved  for  a  time,  but  soon  thrown  aside  for  the  old  rough  and  ready 


modes.  The  fact  is,  the  man  must  see  what  he  is  about  at  every  stroke 
of  the  rake  (like  as  a  puddler  must),  and  no  screen  is  possible  that  will 
readily  enable  him  to  do  this — at  least  that  we  have  seen  or  thought  of. 

{To  he  continued.) 


CLYDE  DREDGING  AND  THE  NEW  DREDGER  QF 
MESSRS.  WILLIAM  SIMONS  &  CO. 

Of  the  numerous  and  varied  natural  obstacles  which  the  civil  engineer 
in  the  course  of  his  professional  practice  is  called  upon  to  strive  against, 
few,  if  any,  during  the  extension  of  commerce  in  the  present  century, 
have  demanded  such  a  long  and  continuous  application  of  mechanical 
means  for  effecting  the  ultimate  objects,  as  has  been  and  is  still  daily 
evidenced  in  the  reaches  of  the  Clyde.  Few  engineering  operations 
have  been  productive  of  so  much  commercial  success — probably  none 
have  contributed  more  to  individual  prosperity ;  witness  the  princely 
fortunes  of  many  merchants  and  traders  of  modern  Glasgow  enhanced 
enormously  by  the  facilities  for  import  and  export  being  brought  to 
their  very  dooi'B,  instead,  as  in  the  days  of  our  fathers,  of  having  to 
convey  their  merchandise  the  best  way  they  could  to  Port-Glasgow  or 
Greenock  before  a  sail  to  transport  it  to  its  destination  could  be  viewed 
by  the  owner's  ken.  How  different  now!  Instead  of  miles  of  long 
swards  of  green  grassy  marsh,  with  its  occasional  ford  through  a  depth 
of  not  more  than  two  feet  of  water,  and  those  now  the  fathers  of  our 
own  generation  then  children  at  play  on  its  mossy  banks,  who  might 
have  thought  with  Akenside, 

We  view 
Amid  the  noon-tide  walk,  a  limpid  rill 
Gush  thro'  the  tickling  herbage,  to  the  thirst 
Of  summer,  yielding  the  delicious  draught 
Of  cool  refreshmeDt, 

we  behold  whole  lines  of  wharves,  sheds,  shipping,  engineering  and  ship- 
building yards ;  mills  for  weaving  and  spinning,  wherein  power-looms 
and  spindleB  may  be  counted  by  ten  thousands ;  iron-works  of  all  kinds, 
producing  castings  and  forgings  of  Etill  more  numerous  sizes,  from  an 
anchor  or  stern-post  for  a  Warrior  or  Black  Prince  to  wire  tiny  enough 
for  the  finest  embroidery  needle ;  the  whole  of  which,  in  point  of  supe- 
riority, can  vie  with  any  other  manufacturing  city,  not  to  say  at  home 
only,  but  in  foreign  countries  also.  Still  the  work  is  not  finished  yet, 
nor  will  it  probably  be  completed  in  the  lifetime  of  those  who  are  now 
spending  their  power,  time,  and  money  in  its  execution  ;  and  all  this 
how  primarily  induced  (?)  to  a  large  extent  by  the  deepening  of  the  river 
Clyde  1  thanks  to  the  endless  power  of  steam  !  that  "  autocrat  of  the 
mechanical  world,"  "  feeding  and  clothing  man,  subjugating  the  material 
world  "  according  to  his  will,  and  bearing  him  with  speed  and  safety  to 
the  issue  of  his  hard- wrought  labour. 

But  the  writer  must  have  clone  with  musing,  and  endeavour  to  come 
to  facts  as  they  were  and  as  they  at  present  are. 

It  appears  from  the  records  that  have  been  kept,  that  the  necessity 
for  deepening  and  generally  improving  the  river  Clyde  was  appreciated 
about  the  middle  of  the  last  century,  and  that  in  the  year  1770  these 
improvements  were  actually  begun  under  the  auspices  of  Mr.  Goul- 
bourne.  At  this  period  the  river  was  generally  crossed  by  fords,  seven 
in  number,  the  last  of  these  being  nearly  thirteen  miles  below  Glasgow  ; 
and,  as  previously  mentioned,  there  was  at  this  point  during  low  water 
only  some  two  feet  in  depth  over  it. 

At  the  same  period  the  maximum  navigable  depth  at  high  water 
spring  tides  was  but  three  feet ;  while  the  high  water  of  neap  tides  is 
recorded  never  to  have  reached  Glasgow  at  all.  The  annual  revenue 
from  ships  eoming  up  the  Clyde  will  show  pretty  clearly  the  condition 
of  the  river  at  different  periods.  At  the  beginning  of  the  present  cen- 
tury the  annual  revenue  was  not  more  than  £3320;  in  1825,  at  which 
time  the  river  had  been  increased  by  dredging  to  a  depth  of  12  feet, 
vessels  of  300  tons  burthen  could  be  brought  up — at  this  period,  through 
a  quarter  of  a  century,  the  revenue  had  been  nearly  tripled,  the  receipts 
being  about  £0000;  in  1863,  when  at  high  water  the  depth  had  been 
extended  to  22  feet,  the  revenue  reached  the  round  sum  of  £118,000; 
or,  in  a  period  of  sixty-three  years  it  had  increased  in  a  ratio  of  nearly 
40  to  1. 

About  the  year  1824  the  river  had  been  dredged  by  hand-worked 
machinery  to  a  depth  of  12  feet;  and  at  that  period  the  writer  is 
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informed  that  several  vessels,  especially  Liverpool  traders,  used  to  reach 
Glasgow  at  the  high  water  spring  tides.  About  the  same  period  the 
first  steam  dredger  was  put  on  service ;  and  in  1830  two  vessels  draw- 
ing 15  feet,  in  1839  one  drawing  17  feet,  in  1853  to  1860  several  draw- 
ing 19  feet,  and  in  1803,  when  the  depth  at  high  water  was  at  22  feet, 
'wo  vessels  drawing  21  feet  reached  Glasgow,  the  river  being  then 
capable  of  floating  the  armour-plated  frigate  Black  Prince,  G000  tons, 
built  by  the  Messrs.  Napier,  then  the  largest  vessel  which  had  been 
built  on  the  Clyde. 

Much  valuable  information  which  the  writer  proposes  to  lay  before 
his  readers  he  is  indebted  for  to  several  of  the  Clyde  engineers  and 
shipbuilders ;  and  many  of  the  numerical  results  here  given  are  taken 
from  a  paper  read  by  Mr.  Andrew  Duncan  (resident  engineer  to  the 
Clyde  Trust)  to  the  Institute  of  Mechanical  Engineers  in  18C4. 

Since  the  period  at  which  the  paper  before  referred  to  was  read,  the 
work  of  deepening  and  widening  of  the  channel  has  been  pushed  on, 
more  powerful  machinery  having  been  applied  to  perform  the  several 
subaqueous  operations  necessary  to  enlarge  the  depth  of  the  whole  river 


up  to  Glasgow  Bridge,  uniformly  to  24  feet  of  high  water  at  spiing 
tide,  and  22  feet  at  neap.  The  entire  depth  at  low  water  is  to  be  15 
feet,  thus  giving  a  rise  of  9  feet  at  high  spring  and  7  feet  at  neap  tides. 

As  may  easily  be  understood,  with  the  largest  manufacturing  town 
in  the  three  kingdoms  situated  on  its  upper  reaches,  with  a  population 
of  half  a  million  inhabitants,  a  large  portion  of  the  deposit  to  be  cleared 
from  the  river  bed  consists  of  sewage,  which  is  being  perpetually  dis- 
charged into  the  harbour,  that  portion  of  it  poured  in  at  low  tide  being 
chiefly  precipitated,  and  this  lies  at  the  bottom  until  churned  up  by  the 
next  inflowing  tide ;  when,  so  different  in  this  respect  from  the  tranquil 
rill  that  it  once  was,  the  river  becomes  in  the  summer  season  an  inky 
black  volume  of  liquid,  as  rank  and  offensive  as  the  Virgilian  Avernus. 

The  writer  may  be  pardoned  for  this  slight  digression  from  his  direct 
subject ;  but  as  other  interests  (now  that  the  deepening  is  tolerably  far 
advanced)  are  at  stake,  by  the  pestilence  to  modern  Glasgow  that  what 
has  otherwise  been  to  so  large  an  extent  a  benefit  has  produced,  it 
seems  desirable  that  the  requirements  necessary  to  amend  the  actual 
unwholesome  state  of  matters  should  be  discussed.     It  does  not  need  a 
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very  far-seeing  eye  to  perceive  that  the  time  is  at  no  great  distance 
when  we  shall  have  main  intercepting  sewers  on  either  side  of  the 
Clyde,  or  some  such  system  of  main  drainage,  to  render  as  pure  the 
greatest  city  of  Scotland,  as  now  forms  so  grand  an  engineering  feature 
of  modern  London. 

But  to  revert.  In  addition  to  the  deposited  sewage,  a  large  quantity 
of  sand,  detritus,  and  debris  is  brought  down  from  the  still  higher 
reaches  of  the  river  by  land  floods.  This  accumulation  of  material 
necessitates  the  continual  employment  in  the  harbour  of  a  large  dredg- 
ing machine,  the  cost  for  maintaining  which  is  said  to  be  £11,000  per 
annum ;  and  it  is  alleged  that  three-fourths  of  this  sum  is  due  to  city 
sewage. 

The  engraving,  fig.  1,  is  a  longitudinal  section  of  one  of  the  large 
double  dredgers  built  in  1855  by  Messrs.  Thomas  Wingate  &  Co.,  of 
Glasgow.  It  is  wholly  constructed  of  iron,  and  arranged  to  discharge 
over  the  sides,  instead  of  over  the  stern,  as  is  the  case  with  the  first 
double  dredger,  built  in  1851  by  Messrs.  Murdoch,  Aitken,  &  Co.,  also 
of  Glasgow.  The  huli  of  this  dredger  (No.  6)  is  120  feet  long,  32  feet 
beam,  has  a  flat  bottom,  and  draws  5  feet  of  water;  and  is  fitted  with 
a  single  side-lever  engine,  having  a  37-inch  cylinder,  with  3-feet 
stroke,  which  is  driven  by  a  pair  of  cylindrical  flue  boilers,  seen  in 
transverse  section  at  fig.  3,  at  about  32  revolutions  per  minute  when  at 
regular  work.  The  boilers  are  6  feet  in  diameter,  and  15  feet  long,  steam 
g  raised  therein  to  about  20  lbs.  per  square  inch.  Towards  the 
stern,  and  immediately  above  the  engine,  the  main  framing  carrying  the 
bucket  frames  or  dredging  ladders  is  situated.  In  No.  6  dredger  this 
is  made  entirely  of  malleable  iron,  and  dead-eyes  of  cast  iron  are  fixed 
at  its  upper  end,  by  means  of  which  the  ladders  are  suspended.  The 
tumbler  shafts  also  pass  through  these  dead-eyes,  but  independently 
of  any  direct  attachment  to  the  ladders  themselves,  so  that,  no  strain 


(which  might  otherwise  be  produced  by  the  weight  of  the  ladders) 
is  communicated  to  the  tumbler  shafts.  Near  to  the  bows  a  set  of  shear 
legs  are  fixed,  which  carry  a  set  of  blocks  and  tackle  for  raising  or 
depressing  the  lower  end  of  the  bucket  ladders  as  the  condition  of  the 
dredging  on  any  given  occasion  may  require. 

The  ladders  themselves  consist  of  a  pair  of  malleable  plate-iron  para- 
bolic girders,  77  feet  long,  and  3  feet  9  inches  broad  at  the  centre.  These 
are  held  together  parallel  to  each  other,  with  a  space  2  feet  3  inches 

Fig.  2. 


broad  between  them,  by  transverse  plate-iron  stays.  At  suitable  dis- 
tances on  the  upper  side  of  the  ladders  a  series  of  rollers  are  arranged  for 
supporting  the  chain  of  buckets,  thus  diminishing  the  actual  dead  pull 
on  the  top  tumbler  shaft.  The  tumbler  shafts  are  driven  from  the  engine 
at  a  speed  of  G  revolutions  per  minute,  by  two  sets  of  spur  geariug ;  and 
either  set  of  buckets  can  be  stopped  and  started  independently  of  the 
other  by  means  of  clutches  actuated  by  ordinary  levers  on  deck.     In 
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pre-existing  dredgers,  breakdowns  were  frequently  produced  from  the 
buckets  cutting  too  deep  into  the  river  bed,  for  the  actual  power  at  com- 
mand to  overcome  the  resistance ;  thus,  undue  strains  were  imposed 
upon  certain  intermediate  parts  of  the  machinery,  which  not  being 


tially  of 
is  keyed 
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strong  enough  to  resist  these,  often  yielded.  But 
in  designing  the  dredger  No.  6,  forethought  was 
taken  to  prevent  the  occurrence  of  such  a  draw- 
back in  future. 

The  cure  has  been  effected  by  communicating 
the  power  to  the  tumbler  shafts  through  friction 
wheels,  which  are  adjusted  to  transmit  only  a 
definite  amount  of  power,  and  to  slip  round  directly 
the  resistance  goes  beyond  the  fixed  limit. 

As  the  friction  wheels  are  rather  unique  in  their 
arrangement,    it    may  be 
worth   while    to    give    a 
brief  description  of  them, 
which    the     writer     will 
endeavour  to  do  without 
the     aid     of    wood-cuts 
The  wheels  consist  essen- 
revolving  within  another,  the  inner  one  of  which 
on  the  shafts ;  and  in  its  circumferential  surface  parallel  to  the 
otation  a  groove  or  gutter,  rectangular  in  section,  is  formed. 


gutter;  and  according  to  the  pressure  imparted  by  the  set  screws,  so  is 
the  amount  of  force  which  the  wheel  will  transmit  regulated. 

Each  chain  carries  41  buckets,  which  are  made  of  rivetted  malleable- 
iron  plate,  -j^-  of  an  inch  thick,  their  back  being  flat,  or  nearly  so,  and 
held  by  bolts  or  rivets  to  the  links  of  the  chain.  The 
cutting  mouth  of  the  bucket  is  faced  with  steel,  li  inch 
thick  at  the  lip,  the  steel  facing  being  I  inch  thick,  welded 
on  to  the  plate. 

In  the  hull,  immediately  below  the  shear  legs,  which 
carry  the  tackle  for  suspending  the  lower  end  of  the  bucket 
ladders,  a  winding  barrel  is  situated,  driven  by  a  shaft 
running  longitudinally  from  the  engine,  and  which  is 
engaged  or  disengaged  by  means  of  a  clutch-box  and  fric- 
tion-wheel similar  to  those  previously  referred  to  for  giving 
^  motion  to  the  top  tumblers. 

\  No.  6  dredger  is  constructed  to  work  at.  a  maximum 

\  depth  of  26  feet,   or  2  feet  lower  than  what  has  been 

decided  upon  by  the  Clyde  Trustees  as  the  maximum 
depth  of  channel  at  high  water.  The  depth  of  dredging 
is  taken  at  intervals  during  work,  by  a  man  stationed  at 
the  bucket  well,  holding  a  gauging  strip,  which  he  rests 
on  the  river  bottom ;  and  close  at  his  hand  there  is  situ- 
ated a  pair  of  levers,  by  actuating  which  he  causes  the 
bucket  ladders  to  be  raised  or  lowered  at  will,  and  thus 
regulates  the  depth  of  cut. 

A  self-acting  indicating  gauge   is  now  fitted  up  on 

deck,  so  that  the  captain,  by  glancing  at  the  position  of 

-  the  bucket  frames,  may  in  an  instant,  tell  at  what  depth 

below  the  surface  of  the  water  the  lips  of  the  buckets  are 

-    -      working. 

The  crew  on  board  No.  6  dredger  consists  of  a  captain, 

mate,  cook,  six  deckmen,  and  a  watchman,  as  well  as 

the  engineer  and  fireman,  twelve  in  all ;  and  the  working  expenses 

for  the  year  ending  June,  1863  (the  hopper  barges,  fig.  4,  being  used), 

were — 

S  s.  (7. 

Wages, 562  1  4 

Coal, 171  1  6 

Stores 95  4  6 


Total  working  expenses, 828     7     4 

the  average  annual  cost  for  repairs  being  about  £980. 

After  having  now  gone  through  the  principal  features  of  the  double 
dredger,  the  writer  will  briefly  state  the  modus  operandi;  and  for  the 
sake  of  rendering  this  more  intelligible,  reference  is  made  to  the  diagram, 
fig.  2,  which  represents 
a  plan  of  the  dredger, 
with  a  line  of  punts 
moored     along    each 
side,   leaving  a  clear 
way  for  the  dredger 
between  them. 


The  inner  surface  of  the  outer  ring  fits  into  this  gutter,  and  rectangular 
recesses  are  formed  in  the  outer  ring,  into  which  metallic  blocks  are 
fitted.  When  the  rings  are  placed  in  their  working  position,  these 
metallic  blocks  are  pressed  by  set  screws  against  the  bottom  of  the 


It  is  the  general  practice  to  moor  the  dredger  itself  with  the  bows 
upstream,  and  the  forward  motion  for  cutting  is  produced  by  the  bow 
chain,  seen  in  diagram,  fig.  2.  The  further  end  of  the  chain  is  held 
by  an  anchor  to  the  river  bottom,  placed  about  600  feet  ahead  at  the 
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beginning  of  the  cut.  The  dredging  engine  drives  a  counter  shaft  for 
imparting  motion  to  the  windlass  (a  slow  rotatory  motion),  which  is  caused 
:o  vary  in  speed  according  to  the  nature  of  the  materiel  being  dredged, 
and  a  set  of  change  wheels  are  provided,  so  that  this  speed  may  be 
adjusted  to  uniformity  for  any  given  quality  of  river  bottom.  When  the 
rate  of  travel  requisite  for  the  cut  is  arranged,  the  chain  is  hauled  in  by  a 
slow  motion  of  the  windlass  on  deck — the  rate  of  advance  or  cut  varying 
from  4A  feet  per  minute  in  soft  sand,  to  1J  feet  in  harder  material. 

As  soon  as  one  length  of  cut  is  completed  (600  feet),  the  dredger  is 
drawn  back  by  means  of  another  windlass  at  the  stern,  to  which  two 
mooring  chains  are  connected ;  this  stern  windlass  is  driven  by  a  sepa- 
rate donkey  engine,  and  therefore  the  dredging  eugine  and  machinery 
is  allowed  to  remain  still  while  the  dredger  goes  astern — a  period  of  15 
minutes,  or  thereabouts — giving  a  rate  of  travel  at  40  feet  per  minute. 

On  referring  to  diagram,  fig.  2,  it  will  be  observed  that  four  surging 
heads  are  employed,  two  at  each  end  of  the  dredger ;  to  each  of  these 
a  guy-rope  is  connected,  having  kedge  anchors  at  their  extremities,  the 
office  of  the  ropes  being  to  steady  the  dredger  during  the  cut,  and 
to  shift  it  into  a  new  position  for  the  next  cut,  which  is  effected  by  the 
surge  heads.  In  order  that  the  dredger  may  be  kept  as  steady  as 
possible,  the  guy-ropes  are  maintained  at  right  angles,  or  thereabouts, 
with  the  direction  of  the  cut,  and  the  lines  on  the  side  next  the  sailing 


Fig.  5. 


channel  are  lowered  when  any  vessel  is  passing,  but  are  immediately 
"  hove  in  taut "  as  soon  as  the  vessel  has  passed. 

At  a  rate  of  from  6  to  6A  revolutions  of  top  tumbler  per  minute — 
equivalent  to  a  discharge  of  13  or  14  buckets,  whose  capacity  is  nearly 
4  cubic  feet,  but  which,  in  practice,  bring  up  only  2  cubic  feet  of  dredged 
material — the  total  quantity  dredged  in  a  working  day  of  ten  hours,  is, 
in  soft  bottom  such  as  sand, 

2  X  135  X  60  X  10  =  16,200 

— — — —  cubic  feet  =  600  cubic  yards, 

or  in  weight,  nearly  750  tons  =  75  tons  per  hour,  or  1-25  tons  per 
minute.  Now,  as  there  are  two  chains  of  buckets,  this  last  quantity 
must  be  multiplied  by  2 — 

l-25  X2=  2-5  tons  per  minute, 
which  quantity  may  be  taken  to  express  the  value  of  the  useful  work  of 
the  engine.  This  quantity  is  the  higher  limit,  and  when  working  in 
harder  and  obstructive  material,  it  may  be  reduced  down  to  one-half,  or 
probably  one-third.  In  the  annual  round  of  dredging  it  happens  that 
various  materials  of  different  degrees  of  hardness  have  to  be  encountered 
in  the  river's  bed;  this,  of  course,  reduces  the  total  work  done  much 
below  the  higher  limit.  Id  one  year  there  are  about  2680  hours  during 
which  the  engine  is  in  operation,  and  for  this  period,  303,957  tons  have 


been  brought  up ;  now  208  days  of  ten  hours  each,  gives,  with  this 
303,957  tons  per  annum,  1134  tons  per  day,  or  1134  tons  per  hour, 
or  almost  exactly  a  mean  between  the  higher  and  lower  limits. 

The  cost  of  dredging  by  No.  6  dredger  during  a  corresponding  period, 
using  screw  hopper  barges  in  lieu  of  punts  for  transporting  the  material, 
was  as  follows: — 

Pence. 

Wages,  coal,  repairs,  and  interest  at  5  per  cent, 4'06 

Discharging  by  hoppi-r  barges — wages,  coal,  stores,  repairs,  and  interest,  2*30 

Total  cost  of  dredging  per  cubic  yard, 6 '36 

In  the  year  during  which  the  foregoing  expenses  were  incurred,  the 
dredger  was  working  at  the  higher  and  lower  parts  of  the  river;  and 
as  during  one  half  of  the  time  it  was  attended  by  two,  instead  of  by  four 
hopper  barges,  much  time  was  consequently  lost. 

It  now  remains  to  be  shown  in  what  way  the  dredged  material  is 
disposed  of.  Two  methods  are  in  use  for  conveying  it  away,  viz.,  the 
old  method — by  trains  of  punts;  under  the  new  method,  by  the  screw 
hopper  barges — the  latter  of  which  has  been  successfully  adopted  for 
removing  the  deblai  of  the  Suez  canal,  and  which  were  published  in 
the  present  volume  of  this  journal,  fully  illustrated  by  plate-engravings, 
and  a  reprint  of  their  specifications.*     It  has  been,  however,  thought 

desirable,  for  the  sake  of  rendering 
the  present  notice  more  complete, 
to  give  at  fig.  4  a  longitudinal  section 
of  one  of  these  barges. 

Under  the  punt  system  the  mate- 
rial is  shot  over  the  stern  into  or  on 
the  punt,  which  is  removed  as  soon 
as  full  and  replaced  by  another,  and 
so  on  successively  until  the  entire 
train  is  laden,  when  they  are  towed 
down  the  river  and  discharged  by 
barrows  or  wagons  over  the  adjacent 
fields.  That  taken  in  the  hopper 
barges  is  carried  down  beyond  the 
mouth  of  Clyde  and  emptied  into 
Loch  Long,  in  a  depth  of  not  less 
than  200  feet  of  water,  at  a  distance 
below  Glasgow  of  27  miles,  which 
place  is  reached  by  the  laden  barges 
containing  300  tons  of  dredgings  in 
from  3  to  3-5  hours,  the  rate  of 
steaming  thus  being  from  8  to  9 
miles  per  hour. 

The  use  of  hopper  barges  is  found 
to  be  by  far  the  more  economical 
mode  ofcarryingaway  the  dredgings, 
which,  when  arrived  at  the  point 
\^^'~   ~  "~^  "ti  for  discharge,  are  instantly  got  rid  of 

by  opening  the  hopper  doors  in  the 
bottom  of  the  hull.  The  relative  positions  of  dredger  and  hopper  barge, 
when  working  together,  are  shown  in  transverse  section  at  fig.  5— a 
single  dredger  being  indicated  in  this  engraving. 

It  now  only  remains  to  show  the  latest  improvements  which  have 
been  made  in  dredgers  themselves.  These  have  been  introduced  by 
Messrs.  William  Simons  &  Co.,  of  Renfrew,  who,  we  believe,  built  the 
first  screw  hopper  barges.  The  new  dredger  is  illustrated  in  longi- 
tudinal section  at  fig.  6,  in  plan  at  fig.  7,  and  in  section  at  different 
points  at  figs.  8,  9,  and  10. 

The  improvements  have  been  designed  particularly  to  render  dredgers 
more  suitable  than  hitherto  for  being  sent  to  distant  statious,  and  for 
moving  about  in  various  localities  without  the  assistance  of  other  vessels. 
In  constructing  a  dredger  according  to  these  improvements,  the 
vessel  is  formed  with  a  central  well  for  the  endless  chain  of  buckets 
and  ladder,  such  well  interfering  as  little  as  possible  with  the  bow  and 
stern,  which,  with  the  sides  of  the  vessel,  are  formed  upon  lines  suitable 
for  obtaining  the  desired  speed  under  steam  or  canvas.  The  usual 
means  are  provided  for  raising  the  foot  of  the  bucket  ladder  (a  chain 
and  pulleys  or  rack  and  pinion,  for  instance),  whilst  in  addition  similar 
means  (that  is  to  say,  a  second  chain  and  pulleys  or  rack  and  pinion) 
are  provided  for  lowering  the  other  end  of  the  ladder  and  the  gearing 
*  Vide  ante,  pp.  73,  74,  and  75. 
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connected  therewith  upon  deck,  for  the  purpose  of  lowering  the  centre 
of  weight,  and  making  all  snug  for  sea  and  clear  for  working  the  sails. 
This  end  of  the  bucket  ladder  has  been  hitherto  invariably  mounted  on 
fixed  bearings,  supported  ou  a  framing  at  a  considerable  distance  above 


the  deck.  In  addition  to  the  dredging  machinery,  the  vessel  is  fitted 
with  one  or  two  screw  propellers,  driven  either  by  separate  engines  or 
by  the  dredging  engines.  The  necessary  steam  boilers,  coal  bunkers, 
and  other  parts,  are  arranged  in  the  lateral  spaces  between  the  well 


and  the  outer  sides  of  the  vessel.  The  vessel  is  provided  with  rudder, 
masts,  spars,  and  canvas  for  wind  propulsion,  like  a  sailing  vessel  or  full- 
rigged  screw  steamer;  the  lower  masts  being  constructed  in  combina- 
tion with  the  shear  legs  for  lifting  the  bucket  ladder,  so  as  to  leave  clear 
spaces  centrally  for  the  dredging  apparatus.  In  such  dredgers  as  carry 
two  chains  of  buckets  (one  at  each  side  of  the  vessel),  instead  of  one 
central  chain  only,  these  chains  with  their  ladders  are  to  be  arranged  so 
as  to  be  capable  of  being  lowered  into  a  horizontal  position  and  on 
a  level  with  the  deck,  or  nearly  so,  when  the  vessel  is  to,  be  navigated, 
in  the  same  manner  as  described  with  reference  to  the  previous 
arrangement. 

In  all  the  figures,  the  shears  by  which  the  foot  of  the  bucket  ladder, 
d,  is  raised  and  lowered  is  marked  A,  a  system  of  pulley  and  chains, 
being  shown  at  fig.  6,  connecting  the  two  parts  together— the  ladder,  D, 
and  buckets  being  in  working  position.  The  main  framing,  c,  in  which 
the  upper  end  of  the  bucket  ladder  moves,  is  fitted  with  slides  and 


double  blocks  for  hoisting  and  lowering  the  ladder,  as  more  particularly 
seen  at  C,  fig.  7.  The  chain  of  buckets  are  put  in  motion  from  the 
engines,  E,  by  means  of  intermediate  bevel  gearing  and  shafts,  which 
cause  the  rotation  of  the  top  tumbler.     When  in  motion,  the  shoot 

or  duct  seen  in  fig.  8  is  attached 
to  the  framing,  C,  so  that  the 
dredged  material  may  be  trans- 
ported into  the  barges  moored 
alongside.  The  general  arrange- 
ment of  the  hull  of  the  dredger 
is  more  easily  understood  by 
referring  to  fig.  7,  in  which  the 
portion  shown  in  dotted  lines, 
and  marked  G,  represents  the 
portion  of  the  ship  divided  off  for 
the  accommodation  of- the  men 
on  board;  B,  the  boilers,  which, 
as  well  as  in  fig.  9,  are  shown 
situated  one  on  each  side  of  the 
central  well,  J.  Winches  are 
fixed  on  deck  for  hoisting  and 
lowering  the  top  tumbler,  and 
which  are  worked  by  gearing 
from  the  engines,  E,  or  by  hand. 
On  the  crank  shaft  of  the  engines 
a  large  spur  wheel  is  fixed,  for 
giving  motion  to  the  screw  pro- 
peller when  the  vessel  is  required 
to  make  way  at  sea.  The  masts, 
h,  are  held  by  sockets  in  the  top 
of  the  main  framing,  c,  and  the 
shears,  A,  as  seen  at  figs.  6,  7,  8, 
9,  and  10.  The  dredger  having 
been  propelled  either  by  the  aid 
of  the  screw  or  sails,  or  by  the 
combined  action  resulting  from 
the  use  of  both,  the  screw  is  taken  out  of  gear  with  the  engines,  and 
the  end  of  the  bucket  ladder,  d,  is  raised  in  the  main  framing,  C,  to  any 
required  height,  whilst  the  other  end  of  the  ladder,  D,  is  lowered  by 
means  of  the  blocks  and  tackle  attached  to  the  shears,  A,  to  the  bottom 
or  bed  of  the  sea  or  river  which  is  to  be  dredged.  When  this  is  done, 
the  engines  are  geared  with  the  top  bucket  shaft  in  the  manner  pre- 
viously described,  and  the  dredging  is  commenced, 
the  sails  being  of  course  furled. 

A  considerable  advantage  would  appear  to  be 
gained  from  the  use  of  a  screw  propeller  in  combina- 
tion with  a  dredger,  as  it  is  not  improbable  that  the 
vessel  may  be  slowly  propelled  while  the  dredging 
action  is  going  on,  by  which  means  the  necessity  of 
using  a  hauling  rope  or  chain  is  avoided. 

It  is  preferred,  when  the  dredgers  have  to  travel 
over  great  distances,  to  form  the  hulls  of  such  a 
shape  that  their  lines  shall  closely  approximate  to 
the  lines  or  model  of  a  sea-going  steamship. 

Another  important  advantage  to  be  gained  by  this 
construction  of  the  hulls  of  dredgers,  is  derived  from 
the  diminution  of  insurance  premiums  that  would  be 
required  for  their  transport  to  any  foreign  or  distant  port,  as  they  would 
accomplish  the  navigation  with  conditions  equally  favourable  to  those  of 
a  screw  steamer. — S.  J.  V.  D. 


THE  LANCASTER  GUN. 

In  our  article  in  last  month's  Journal  on  the  7-inch  Gun  Competition 
Report,  we  appear  to  have  done  the  Lancaster  gun  a  little  less  than 
justice  in  stating  (p.  267)  that  "in  accuracy  it  was  a  little  below  its 
opponents." 

The  following  extracts,  with  which  we  have  been  favoured,  and  which 
appear  to  be  exactly  taken  from  the  published  tables  of  the  Report, 
seem  to  establish,  on  the  contrary,  that  notwithstanding  the  disadvan- 
tages under  which,  by  the  arbitrary  terms  of  the  competition,  he  was 
placed,  Mr.  Lancaster's  gun  proved  itself  still  to  hold  the  first  place  in 
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accuracy  as  well  as  in  range.     If  this  be  so,  the  decision  of  the  Com- 
mittee to  the  contrary  is  only  the  more  unaccountable. 

REPORT  OF  ORDNANCE  SELECT  COMMITTEE  ON  7-INCH  COMPETI- 
TION GUNS— Moved  fok  by  MR.  HENRY  BAILLIE,  Session  1865. 

REPORT  No.  3375— APPENDIX  lA. 
Page  a 

SCOTT. 

Date.                     110  lbs.  Projectile— 12  lbs.  Charge. 

July  27, 1864, 1-913                         91-4           0-8 

Pago  10.                                            APPENDIX     lO. 
LANCASTER. 
110  lbs.  Projectile— 12  lbs.  Charge. 
July  27, 1864, 1-198     25-4     0  8 

"           2287     57-2     12 

"           3-907     24-8     40 

3)7-392                    3)107-4                      3)60 

u 

2-286     49-6     .. 

5-4 

2  464                         35-8                         2  0 
110  lbs.  Projectile— 20  lbs.  Charge. 
July  15, 1864, 1-455     27-3     20 

3-909     109-8     .. 

40-7 

July  15, 1864, 
it     97       « 

3)46-9 
15-63 

0-9 

2-2 

3)7-408                   3)1808 

2-469                          60-27 
110  lbs.  Projectile— 20  lbs.  Charge. 
1-462                           21-5 

"    27,     "     1-380     34-0                          1-8 

"    26,     "     2-688     22-6          48 

"    27,     "     2-611     430     2-1 

Oct.  10,     "     2-520     557     3-9 

Julyl5,     "     4-299     75-1     129 

1-495                          11-2 

"    26,     "     4-353     54-0     9-2 

"     9fi       " 

9-741                          44-7 

3-3 

4-3 

"     10,      "     

2-621     69-7     .. 

7)19-306                   7)311-7                   7)367 
2-758                        44-5                        5-2 

110  lbs.  Projectile— 25  lbs.  Charge. 
Julyl4,1864, 1-590     28  8     2-0 

"    27,     "    

2-810     56'8     .. 

36 

"    15,     "    

4-444     638     .. 

28-2 

"    26,     "    

4-440     692     .. 

70 

July  14  1864 

7)49-5 
7-07 

2-4 

7)20013                    7)336-9 

2-859                          48-13 
110  lbs.  Projectile— 25  lbs.  Charge. 
1604                         15-6 

"    27,     "     1-545     360     07 

"    13,     "     2-817     189     3-6 

"    27,     "     2-903     32-0     2-7 

"    12,     "     4-487     165                         4-5 

"    14,     "     4-605     256     66 

u    97      " 

1-547                         21-8 

1-0 

"    26,     "     4-757     127-2     20-5 

"    13      " 

2-834                           35-fi 

7-1 

3-7 

"    27,     "    

2-994     484     .. 

7)22-704                    7)285-0                    7)40-6 

"      19        " 

4-695                         26-8 

24-9 

8-9 

"    14,     '•    

"    26,     "    

4-779     31-4     .. 

3-243                          40-7                         5-8 

SUMMARY. 

Mean  difference                       Mean 
Mean  Range.                             of                                  reduced 
Range.                            deflection. 

12  lbs.  Charge. 
Scott, 2-469     60-27     1563 

4-922     87-4     .. 

20-6 

Page  9. 

July  27, 1864,    . 

(4 

7)686 
9-8 

0-8 

7)23-375                    7)267-4 
3-339$                      38-2 

APPENDIX    IB. 
FRENCH. 

110  lbs.  Projectile — 12  lbs.  Charge. 

1-152    19-7     .. 

French, 2-426     702                           39 

Lancaster, 2-464     358       20 

20  lbs.  Charge. 
Scott, 2-859     48-13     7-07 

2-219     54-5     .. 

2-8 

French, 2-653     43-0       5-62 

(( 

3-908     136-5     .. 

83 

Lancaster, 2-758     445       5-25 

Jnlv  1^  lfifi-1 

3)11-9 
3-9 

0-7 

3)7-279                    3)210-7 

25  lbs.  Charge. 
Scott                          3339                        38  9                           9-8 

2-426                        70-2 

110  lbs.  Projectile— 20  lbs.  Charge. 
1  -^R&                               3^-4 

French, 3-148     5553     1013 

Lancaster, 3-243     40-7       58 

"    26,     "     

2-612     333     .. 

20 

SELF-FEEDING  COTTON  GIN. 

Illustrated  by  Plate  12. 

The  cotton  gin  which  forms  the  subject  of  our  Plate  engraving  this 
month,  has  been  recently  patented  in  this  country  by  Mr.  John  Henry 
Johnson,  to  whom  the  invention  was  communicated  by  the  inventors, 
Messrs.  Frederick  Tabor  Ackland,  Henry  George  Mitchell,  and  Mus- 
tapha  Mustapha,  of  Zagazig,  Eg}  pt. 

The  improvements  to  which  we  have  to  direct  our  readers'  attention 
have  reference  to  a  very  simple  and  effective  self-acting  feeding  mechan- 
ism, which  produces  a  more  regular  and  certain  feed  than  can  possibly 
be  obtained  by  hand  feeding,  and  which  has  only  been  approximated 
by  some  of  the  mechanical  devices  suggested  which  we  propose  to 
glance  at  before  describing  the  peculiar  feed  now  under  consideration. 

Many  attempts  have  been  made  to  introduce  an  efficient  and  simple 
self-acting  feeder,  both  for  Churka  and  Macarthy's  cotton  gins,  but  so 
far  as  we  can  learn,  without  any  really  practical  result.  Amongst  these 
we  may  mention  an  arraugement,  patented  by  Mr.  John  Macmillan 
Dunlop  on  the  11th  of  April,  1861,  for  feeding  Churka  or  roller  gins. 

2p 

Oct.  10,     "     

2-405     571     .. 

5-2 

July  15,     "     

4-210     46-2     .. 

14-6 

July  14, 1864 

4)22-5 
5-62 

2  0 

4)10-613                    4)172-0 

2-653                          430 
110  lbs.  Projectile— 25  lbs.  Charge. 
1500     52-4     .. 

"    27,     "    

1-420     81-8 

1-6 

"    13,     "     

2-713     36-1     .. 

4-7 

"    27,     "     

2-788     41-8     .. 

4-9 

"    12,     "     ...  . 
"    14,    "    

4-489     48-2 

10-8 

22-4 

4-543     45-8     .. 

"    26,     "     

4-586     82-6     .. 

24-5 

THIRD  SERIE8. 

7)70-9 
10-13 

7)22  039                    7)388-7 
3-148                        55-53 
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Fig.  1  of  the  woodcuts  annexed  represents  a  vertical  section  of  one  of 
Mr.  Dunlop's  arrangements,  as  applied  to  the  feeding  of  a  pair  of  roller 
churkas  placed  parallel  to  each  other.  The  seed  cotton  is  supplied  to 
the  two  pairs  of  rollers  by  a  box  or  hopper,  F,  at  the  lower  end  of 
which  are  two  inclined  outlets,  the  bottoms  of  which  are  formed  by- 
two  inclined  grids,  G,  suitable  for  the  passage  of  the  seeds.  These 
grids  may  either  be  stationary,  or  have  a  to-and-fro  or  up-and-down 
motion,  or  both  combined ;  and  in  order  that  the  cotton  may  be  fed 
up  to  the  nip  of  each  pair  of  rollers  when  two  pairs  are  combined, 

Fig.  1. 


or  to  the  nip  of  one  when  a  single  pair  only  is  used,  a  reciprocating 
agitator,  t,  is  employed,  moving  through  a  curvilinear  path,  which, 
by  its  moving  to  and  from  the  rollers,  feeds  or  supplies  the  cotton 
thereto.  This  agitator  vibrates  on  a  fixed  centre,  K,  and  derives  its 
motion  from  the  crank  pin,  p,  and  connecting  rod,  o.  The  upper 
inclined  part  of  the  outlets,  w,  are  provided  with  rows  of  short  teeth 
opposite  the  bars  of  the  grid,  in  order  that  the  cotton,  as  it  is  moved 
towards  the  rollers,  may  be  partially  opened  out ;  but  these  teeth  may 
be  dispensed  with  if  the  cotton  is  found  to  be  sufficiently  open.  The 
gin  is  driven  from  the  main  shaft,  A,  by  a  large  spur  wheel,  gearing 
into  smaller  spur  wheels  on  the  axis  of  the  pair  of  roller  churkas,  from 
one  of  which  is  driven,  by  means  of  the  pinion,  M,  the  spur  wheel,  N, 
containing  the  crank  pin,  which  gives  motion  to  the  agitator. 

On  the  6th   of  June,   1861,  John   Piatt  and   William   Richardson 
obtained  a  patent  for  a  feeder  to  be  applied  to  roller  gins,  the  object  to 
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bo  attained  being  the  regular  supply  of  the  material  to  the  rollers, 
whilst  at  the  same  time  it  is  presented  in  a  more  open  and  suitable 
condition  for  the  separation  of  the  seeds.  They  proposed  to  use  a 
travelling  apron,  upon  which  the  seed  cotton  is  placed,  and  in  con- 
nection with  which  are  carding  or  combing  instruments.  From  these 
the  cotton  is  taken  in  tufts  by  a  transferring  comb,  and  conveyed  to  the 
ordinary  rollers. 

Fig.  2   represents  a  sectional  elevation  of  a   mode  of  feeding  a 
Macarthy  gin  patented  by  Mr.  Dunlop  on  the  1st  of  July,  1862.    It  con- 
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sists  in  the  employment  of  a  grated  rack  attached,  by  preference,  to  the 
beater  plate,  but  so  disposed  that  it  shall  receive  a  vibrating  motion 
which  keeps  the  seed  cotton  in  constant  movement,  and  thereby 
enables  the  roller  and  "doctor"  to  get  hold  of  the  fibre  easily,  and  also 
admits  of  the  dirt  and  stripped  seed  being  readily  got  rid  of,  by  allowing 
them  to  fall  through  the  grated  bars  of  the  rack.  The  seed  cotton  may 
be  kept  supplied  to  the  rack  by  means  of  an  endless  apron  moving 
slowly,  upon  which  the  cotton  is  spread  from  time  to  time,  and  by  which 
it  is  fed  into  the  rack.  In  the  accompanying  illustration  (fig.  2),  A 
represents  the  framing,  B  the  leather-covered  roller,  c  the  beater  plate, 
and  D  a  table  on  which  the  seed  cotton  is  placed,  so  as  to  be  ready  for  the 
workman  to  feed  it  into  the  gin.  The  endless  apron  is  not  employed 
in  this  arrangement.  F  is  one  of  the  connecting  rods  of  tho  beater 
plate,  which  derives  its  vibratory  motion  from  cranks  below,  and  G  is 
one  of  a  pair  of  radius  rods.  The  fixed  knife  or  "  doctor"  is  shown  at 
H,  and  K  is  the  grated  trough  or  rack,  provided  with  end  plates,  L  J-, 
which  are  screwed  on  to  the  beater  plate,  c,  one  at  each  end  thereof,  so 
that  the  rack  will  vibrate  in  company  with  the  beater  plate. 

Another  feeding  device,  patented  by  Mr.  Dunlop  on  the  31st  of 
March,  1863,  consists  in  applying  to  the  Macarthy  gin  a  cylinder 
or  shaft  with  pegs  or  agitators  placed  near  the  point  of  contact  of  the 
gin  roller  and  the  knife  or  "doctor" 
on  the  feeding  side  of  the  gin ;  or  in 
lieu  of  this,  a  cylinder  having  vanes 
or  blades  set  spirally  or  inclined  to  the 
axis  may  be  used.  The  object  is  to 
continuously  present  the  seed  cotton 
to  the  action  of  the  roller  and  knife, 
and  facilitate  its  engagement  there- 
with. These  pegs  or  vanes  revolve 
either  entirely  within  the  hopper  or 
vibrating  rack  of  his  previous  patent, 
(tig.  2),  or  pass  only  through  the  inter- 
vals in  the  grid  or  grating.  Fig.  3  is  a 
sectional  view  of  the  pegged  cylinder,  A,  working  within  the  vibrating 
rack,  K,  attached  to  the  beater  plate,  c ;  and  fig  4  represents  the  feed- 
ing cylinder,  A,  disposed  below  the  grid,  K,  so  that  the  curved  arms  or 
blades  shall  work  through  the  spaces  in  the  grid  and  push  the  cotton 
forward  to  the  roller,  B,  and  "  doctor,"  H. 

According  to  the  invention  of  Messrs.  Ackland,  Mitchell,  &  Mustapha, 
it  is  proposed  to  apply  to  the  ordinary  Macarthy  gin,  or  to  other  gins 
of  a  like  character,  a  self-acting  feeder,  which  reciprocates  to  and  fro 
in  a  rectilinear  or  straight  course,  and  imparts  a  direct  push  to  the 
cotton,  so  as  to  move  it 
forward  liy  a  positive  motion  |~ 
to  the  ginning  roller  and 
"  doctor  "  as  fast  as  it  is  fed 
into  the  feeding  hopper.  This 
feeder  consists  of  a  bar  of 
wood,  metal,  wire-work  or 
other  suitable  material,  of  a 
length  equal  to  that  of  the 
ginning  roller,  which  bar  is 
situate  inside  the  hopper 
parallel  to  the  axis  of  the 
roller.  This  feeding  bar  re- 
ciprocates towards  and  from 
the  ginning  roller  and  its 
"  doctor  "  along  the  grid  upon  which  it  rests,  its  motion  being  derived 
directly  from  cranks  or  eccentrics  on  a  shaft  contained  within  the  back 
portion  of  the  hopper.  As  fast  as  the  seed  cotton  is  supplied  to  the 
hopper  it  falls  at  each  back  stroke  of  the  feeder  in  front  of  the  forward 
edge  or  face  thereof,  so  that  when  the  feeder  returns  towards  the 
ginning  roller  and  "  doctor,"  it  pushes  that  portion  of  the  cotton 
immediately  in  front  of  it  directly  against  the  roller  and  "  doctor,"  and 
then  recedes  for  a  fresh  supply,  which  is  again  pushed  forward  as 
before,  and  so  on. 

Fig.  1,  Plate  12,  represents  a  side  elevation  of  an  improved  Macarthy 
gin  provided  with  the  above-described  self-acting  feeder,  and  fig.  2  is  a 
vertical  section  of  the  upper  part  of  the  gin  on  a  larger  scale,  showing 
more  clearly  the  construction  and  operation  of  the  feeder.  A  represents 
one  of  the  two  side  standards  of  the  gin,  B  is  the  main  driving  shaft, 
and  c  is  the  shaft  of  the  ordinary  leather-covered  ginning  roller,  D  : 


Fig.  4. 
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E  is  the  "doctor"  or  fixed  knife;  F  is  the  vibrating  beater-plate  attached 
to  the  radius  rod,  G,  which  works  on  a  fixed  centre  at  H,  and  derives  its 
motion  from  a  crank  on  the  main  shaft  and  a  connecting-rod,  I ;  K  is 
the  feeding  hopper;  and  L  the  grating  or  grid — all  which  parts  are  com- 
mon to  gins  of  this  class.  M  is  the  reciprocating  feeder;  it  extends  from 
end  to  end  of  the  hopper,  within  which  it  is  contained,  is  parallel  to 
the  surface  of  the  ginning  roller,  D,  and  slides  towards  and  from  such 
roller  along  the  grating  or  grid,  L.  A  rectilinear  reciprocating  motion 
is  imparted  to  the  feeder,  M,  by  means  of  a  crank-shaft,  N,  revolving  in 
adjustable  beariugs,  o,  in  the  ends  of  the  hopper.  P  represents  one  of 
two  connecting-rods  which  connect  the  feeding  bar,  si,  with  its  actuating 
cranks  on  the  crank-shaft,  N.  A  pulley,  Q,  is  keyed  on  to  one  end  of 
the  crank-shaft,  N,  and  a  corresponding  pulley  of  equal  diameter,  R,  is 
keyed  on  to  one  end  of  the  main  driving  shaft,  motion  heing  transmitted 
from  the  pulley  to  the  crank-shaft  by  the  baud,  s.  The  cotton  to  be 
fed  into  the  machine  is  laid  upon  the  table,  T,  and  is  thence  pushed  by 
hand  down  the  inclined  side  of  the  hopper,  to  the  lower  edge  of  which 
a  flap,  u,  of  leather  or  other  suitable  material  is  secured,  for  the  purpose 
of  preventing  any  of  the  cotton  from  entering  behind  the  feeder.  As 
the  feeder  advances,  its  front  edge  or  face,  m,  pushes  the  cotton  before 
it  against  the  ginning  roller  and  "  doctor,"  which  seize  it  and  remove 
the  seeds  therefrom  in  the  well-known  manner, 

The  manufacture  of  this  gin  has  been  intrusted  to  the  hands  of 
Messrs.  Piatt  Brothers  &  Co.,  of  the  Hartford  Works,  Oldham,  who 
have  been  appointed  sole  licensees  for  this  country. 

THE  SMITHFIELD  CLUB  SHOW. 
For  some  time  back  fears  were  entertained  whether  the  all-absorbing 
and  lamentable  "  rinderpest "  would  not  cause  the  powers  that  be  to 
put  a  veto  on  the  holding  of  the  exhibition  this  year.  Happily  the 
excellent  arrangements  made  by  the  club  for  insuring  perfect  safety  to 
the  cattle  under  their  charge  by  the  aid  of  strict  sanitary  precautions, 
have  overcome  any  scruples  that  might  have  been  felt  as  to  the  advis- 
ability of  having  the  show  this  year. 

One  of  the  features  in  the  implement  department  which  struck  us 
this  year,  is  the  large  number  of  portable  farm  and  contractors'  engines 
on  view.  Taking  them  in  their  order  from  the  left  of  the  western 
entrance,  we  find  a  well  arranged  and  constructed  10  horse-power  por- 
table engine  by  Barrows  and  Carmichael,  of  Banbury.  It  is  a  single 
cylinder  engine,  with  a  single  slide  bar  only,  and  the  barrel  of  the  boiler 
carried  flush  throughout  from  front  to  back,  which  gives  a  neat  and 
solid  appearance  to  the  engine.  Fox  &  Walker  exhibit  a  6  horse-power 
engine;  and  Robey  &  Co.  (Limited),  of  Lincoln  (by  the  way,  we  perceive 
several  of  the  old  firms  have  been  transformed  into  joint  stock  com- 
panies on  the  principle  of  limited  liability),  are  represented  by  an 
excellent  and  workman-like  12  horse-power  engine.  This  firm  have 
recently  obtained  prizes  for  their  engines  and  thrashing  machines  in 
Perth,  Cologne,  Doncaster,  Oldham,  and  Dublin.  Allchin  &  Son 
exhibit  a  neat  8  horse-power  portable  engine  with  steel-plate  boiler ; 
also,  a  well-made,  fixed,  horizontal  cylinder  engine.  We  next  come 
across  the  Dublin  prize  steam  fire-engine  of  Shand  &  Mason,  capable 
of  working  up  to  25  horse-power  with  125  lbs.  pressure  in  the  boiler. 
The  boiler  is  of  the  vertical  multitubular  class,  and  enables  steam  to  be 
got  up  from  cold  water  in  eight  minutes.  Messrs.  Ruston,  Proctor,  &  Co., 
of  Lincoln,  exhibit  a  couple  of  well-made  portable  engines,  of  12  and  8 
horse-power,  respectively;  and  R.  Homsby  &  Sons  are  represented  by 
an  8  horse-power  engine.  An  exceedingly  well-finished  agricultural 
locomotive,  or  traction  engine,  of  8  horse-power  is  exhibited  by  Charles 
Burrell,  of  Thetford;  the  principle  of  this  engine  is  similar  to  the 
ordinary  "  portable  engine,"  with  the  addition  of  larger  and  stronger 
driving  wheels,  and  an  over-tyre  of  wrought  iron  to  prevent  the  liability 
of  breakage  in  passing  over  rough  roads.  The  motive  power,  as  in  the 
engines  of  the  Aveling  &  Porter  type,  is  given  by  an  endless  pitch- 
chain  passing  over  a  pinion  on  the  crank  shaft,  and  a  chain-wheel  firmly 
secured  to  the  large  driving  wheel,  but  which  may  be  easily  discon- 
nected by  withdrawing  a  bolt  from  the  nave  of  either  wheel  for  the 
convenience  of  turning  corners.  A  link  motion-reversing  gear  is  also 
provided,  as  well  as  a  steerage  wheel  and  wrought-iron  tank  holding  a 
six  miles'  supply  of  water.  This  form  of  engine  has  been  in  constant 
use  amongst  a  large  number  of  agriculturists  for  a  considerable  time,  for 
drawiDg  and  working  steam  thrashing  machines  and  straw  elevators. 
Tuxford  &  Sons  still  maintain  their  reputation  for  portable  engines  by 


three  admirably  executed  engines  of  10,  3,  and  1  horse-power,  respec- 
tively. John  Fowler  &  Co.,  Leeds,  exhibit  one  of  their  10  horse-power 
steam  ploughing  engines,  with  ploughs  and  apparatus  complete.  A 
useful  single  cylinder  8  horse-power  traction  engine  is  exhibited  by 
Messrs.  Clayton  &  Shuttleworth,  who  also  exhibit  a  10  horse-power 
horizontal  cylinder  fixed  engine,  and  a  10  horse-power  double  cylinder 
portable  engine.  In  the  single  cylinder  traction  engine  a  self-acting 
compensating  motion  is  provided,  whereby  the  speed  of  the  driv- 
ing wheels  may  be  varied  in  turning  on  the  road.  Messrs.  James  & 
Frederick  Howard,  of  the  Britannia  Iron  Works,  Bedford,  exhibit  one  of 
their  new  patent  ploughing  and  traction  engines  of  14  horse-power, 
with  transverse  boiler  and  two  drums,  to  work  either  on  the  "rounda- 
bout" or  on  the  direct  system.  This  engine  is  about  to  be  sent  to 
New  Zealand,  and  we  are  informed  that  orders  for  several  others  have 
been  obtained  from  the  viceroy  of  Egypt,  and  some  of  the  large  landed 
proprietors  there.  A  splendid  field  for  steam  cultivation  is  now  opening 
out  in  the  cotton  plantations  of  the  southern  states  of  America,  where 
labour  is  lamentably  scarce  at  the  present  time,  and  we  trust  our  manu- 
facturers will  not  be  slow  iu  extending  their  energies  in  that  direction. 
Aveling  &  Porter,  of  Rochester,  exhibit  one  of  their  powerful  traction 
engines  which  have  now  gained  a  deservedly  world-wide  reputation,  judg- 
ing from  the  number  of  home  and  foreign  prize  medals  awarded  to  them. 
The  Reading  Iron  Works  Company  (Limited),  late  Barrett,  Exall,  &  An- 
drews, are  represented  by  a  Lenoir  gas  engine  of  1  horse-power,  which 
they  aptly  term  the  "  Popular  household  motive  power,"  and  exhibit 
also  two  portable  steam  engines.  Edward  E.  Allen  exhibits  his  patent 
double  expansion  steam  engine,  adapted  to  a  portable  or  contractor's 
engine.  Marshall,  Sons,  &  Co.  exhibit  a  well-made  single  cylinder  8 
horse-power  portable  engine;  and  William  Foster,  of  the  Wellington 
Foundry,  Lincoln,  exhibits  a  10  horse-power  double  cylinder  portable 
engine,  fitted  with  all  the  recent  improvements,  and  specially  adapted 
for  farming  and  general  contractors'  work. 

Amongst  the  miscellaneous  implements  we  noticed  a  decided  novelty 
at  the  stand  of  Garrett  &  Sons,  consisting  of  a  patent  straw  bruiser  for 
preparing  cattle  food;  this  machine  consists  of  a  large  cast-iron  drum, 
having  a  number  of  deep  annular  grooves  therein,  and  a  series  of  slight, 
but  rather  sharp-edged  ribs,  or  projections,  cast  at  intervals  across  the 
bottom  and  sides  of  the  grooves.  Within  these  grooves  enter  radial 
fixed  blades,  a  small  space  being  left  between  the  edges  of  the  blades 
and  the  ribs  under  the  grooves,  to  allow  the  drum  to  revolve  freely. 
Above  this  drum  there  is  a  feeding  hopper,  and  on  one  side  of  the 
mouth  of  this  hopper,  and  close  to  the  drum,  is  fitted  a  feeding  roller, 
which  draws  in  the  straw  as  fast  as  it  is  supplied,  and  effects  its  com- 
plete disintegration  by  dragging,  tearing,  or  grinding  it  to  shreds,  between 
the  revolving  drum  and  the  fixed  blades;  the  resulting  produce  is  a  mass 
of  fine,  woolly  shreds  of  straw,  free  from  all  sharp  and  hard  particles,  and 
much  more  digestible  than  the  ordinary  chopped  straw  hitherto  used. 
This  machine  is  capable  of  keeping  pace  with  an  8  horse-power  thrash- 
ing machine,  bruising  and  tearing  up  the  straw  as  fast  as  it  can  be  fed 
from  the  thrasher.  In  the  treatment  of  bean  and  other  hard  straw  this 
machine  will  be  found  most  serviceable,  and  we  advisedly  recommend 
it  as  one  of  the  most  useful  additions  to  the  implement  stock  of  the 
agriculturist.  Iu  hot  climates  where  draught  oxen  are  extensively  used, 
the  chopped  straw  which  now  constitutes  a  somewhat  large  proportion 
of  their  diet,  but  which  is  found  to  be  by  no  means  suitable  for  them, 
will  be  most  advantageously  replaced  by  "  bruised  straw." 

A  large  swathe  delivery  reaper  is  exhibited  by  Homsby  &  Sons. 
Tucker  &  Sons,  and  Clayton  &  Shuttleworth,  are  both  well  represented 
by  their  admirably  arranged  and  constructed  combined  thrashing 
machines,  with  Underbill's  corn  elevator,  and  all  the  most  recent 
improvements.  Messrs.  Howard  exhibit  their  renowued  Champion 
Plough,  B  B,  to  which  has  been  awarded  the  majority  of  the  "All  Eng- 
land" prizes  this  autumn;  also  their  improved  haymaker,  which  carried 
off  the  first  prize  at  Plymouth.  We  noticed  a  novelty  here  in  their 
double  furrow  plough,  provided  with  a  ribbed  steel  beam,  which  imparts 
extraordinary  lightness  and  strength  to  the  implement.  A  new  rota- 
tory harrow,  pulverizer,  and  twitch  extirpator  is  exhibited  by  Holmes 
&  Sons,  of  Norwich.  This  machine,  which  obtained  the  silver  medal 
at  Plymouth,  forks  out  the  twitch  or  stubble  without  breaking  it ;  and 
by  the  fork  barrel  revolving  at  a  great  speed,  leaves  it  lightly  on  the 
surface  of  the  soil.  It  pulverizes  the  soil,  moreover,  to  the  depth  of 
five  inches  in  light  soil,  getting  completely  under  the  twitch,  and  bring- 
ing it  up  to  the  surface  without  breaking  it.     For  clearing  stubbles 
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aud  for  spring  cultivation  this  implement  will  be  most  valuable.  The 
Beverley  Iron  and  Waggon  Company  (Limited)  make  an  excellent 
show  of  carls  and  farm  waggons,  and  exhibit  one  of  their  well-known 
reapers.  A  large  assortment  of  grinding  and  bruising  mills  is  exhibited 
by  Woods  &  Cocksedge,  and  by  E.  R.  &  F.  Turner — which  latter  firm 
has  gained  an  excellent  name  for  this  class  of  implements. 

In  the  galleries,  we  find  on  our  left  Weston's  differential  pulley 
blocks  in  full  action,  at  the  stand  of  S.  &  E.  Ransome  &  Co.,  and 
deservedly  attracting  a  large  share  of  attention.  A  more  unassuming 
and,  at  the  same  time,  useful  instrument  bas  probably  never  been 
introduced  to  the  public.  Several  ingenious  three-motion  churns,  and 
a  colour  mixer  on  the  same  principle,  are  exhibited  by  Messrs.  Carring- 
ton  &  Turner.  The  dash  of  the  churn  receives  a  vertical,  rotatory,  and 
oscillating  motion  by  means  of  a  crank,  on  wbich  there  is  a  bevel  wheel, 
and  attached  to  the  centre  of  which  is  another  bevel  wheel,  connected 
with  a  socket,  in  which  the  rod  of  the  dash  is  placed.  On  imparting  a 
rotatory  motion  to  the  crank,  the  dash  rises  and  falls,  and  oscillates  with 
it,  whilst  at  the  same  time  it  receives  a  rotatory  motion  on  its  axis.  In 
the  colour  mixer,  the  dash  or  agitator  does  not  oscillate,  but  simply 
revolves,  and  rises  and  falls  in  the  mixing  vessel.  W.  N.  Nicholson,  of 
the  Trent  Iron-works,  Newark,  has  a  good  show  of  haymakers  and  horse 
rakes.  Brick  and  tile  making  machinery  is  ably  represented  by  E.  Page 
&  Co.,  Bedford  ;  Henry  Clayton  &  Co.,  and  John  Whitehead,  of  Pres- 
ton, Lancashire. 

We  noticed  an  excellent  new  patent  grass-mowing  machine,  exhibited 
by  Samuelson  &  Co.,  of  Banbury.  This  machine  is  most  simple  in  its 
construction :  the  small  number  of  the  parts,  and  the  fact  of  the  fram- 
ing being  entirely  of  iron,  gives  not  only  a  light  appearance,  but  lessens 
the  liability  to  derangement.  The  operations  of  throwing  the  machine 
in  and  out  of  gear,  lifting  the  cutter  bar,  &c,  in  lieu  of  being  effected 
by  hand,  are  entirely  under  the  control  of  the  driver's  foot,  whose  atten- 
tion is  consequently  never  taken  away  from  his  horses.  The  bar  is 
jointed  for  the  facility  of  cutting  over  sideling  lands,  aud  a  spring  arrange- 
ment is  provided  for  easing  it  over  inequalities  of  surface.  Richmond 
&  Chandler  have  a  large  display  of  chaff  cutters  of  all  sizes.  An 
ingenious  compound  lever  cheese-press  is  exhibited  by  Hurst  &  Picker- 
ing ;  in  whose  neighbourhood  is  Hancock's  useful  little  butter  purifier, 
noticed  by  us  in  our  last  report,  and  which  still  attracts  a  large  share  of 
attention.  Messrs  Nalder  &  Nalder  exhibit  their  admirably-constructed 
corn  screens  and  noiseless  winnower,  which  have  attained  a  wide-spread 
reputation.  At  this  part  of  the  gallery  we  unexpectedly  come  across 
a  well-arranged  horizontal  tank  engine,  by  Henry  Kinsey,  of  the  Robin 
Hood  Works,  Carrington  Bridge,  Nottingham.  These  engines  are 
entirely  self-contained,  requiring  no  expensive  foundation,  but  simply 
a  good  floor.  The  tank  is  contained  within  the  bedplate;  and  by 
making  it  a  feed-water  heater,  a  great  saving  is  effected.  The  engine 
is  strong,  and  all  the  parts  are  easy  of  access. 

A  corn-dressing  machine,  fitted  with  a  patent  screen,  is  exhibited  by 
R.  &  J.  Reeves,  of  the  Bratton  Iron  Works,  Westbury,  Wilts.  This 
machine  combines  a  blower,  a  riddle,  and  a  screen,  and  the  sample 
obtained  at  one  operation  is  equal  to  that  of  other  dressing  machines 
after  undergoing  the  subsequent  process  of  screening.  The  corn  is  fed 
from  the  hopper  in  a  thin  stream  before  the  blast,  eo  that  the  wind  has 
full  power  to  carry  to  the  tail  all  light  corn  ;  after  passing  the  wind  the 
corn  falls  on  the  riddle,  which  takes  out  all  large  substances  and 
"  whitecoats ;"  then  dropping  on  the  patent  screen,  the  small  corns  and 
seeds  are  taken  out.  These  screens  are  made  of  perforated  zinc,  with 
different-sized  holes.  The  surface  of  the  screen,  in  lieu  of  being  flat, 
consists  of  a  series  of  longitudinal  ridges  and  furrows ;  the  corn  enters 
at  one  end,  and  is  shaken  from  side  to  side  of  the  ridges  by  the  motion 
of  the  machine,  and  thus  a  large  screening  surface  is  obtained.  The 
holes  are  kept  clean  by  strips  of  iron  hung  under  the  ridges,  which,  by 
the  motion  of  the  machine,  prevent  the  corn  from  stopping  the  holes, 
and  so  keep  the  screen  clear. 

J.  Patterson  &  Co.  (Limited),  Beverley,  exhibit  several  of  their  com- 
pound action  mills,  already  illustrated  in  our  pages.  These  mills, 
although  of  recent  date,  have  already  attained  a  wide  notoriety,  wdiich 
speaks  well  for  their  practical  utility.  Owing  to  the  peculiar  and  very 
simple  arrangement  of  the  grinding  surfaces,  they  are  both  crushing 
and  grinding  mills.  They  will  split  beans  and  crush  oats,  gorse, 
locusts,  &c,  in  a  most  effective  manner,  and  will,  without  any  change 
or  alteration  of  parts,  grind  wheat,  barley,  linseed,  cotton  seed,  &c  ,  to 
meal  for  feeding  purposes,  even  when  the  grain  is  in  too  bad  a  con- 


dition for  grinding  in  other  mills.     A  bone-dust  mill   on  the  same 
principle  is  also  here  exhibited. 

Some  of  the  most  useful  articles  in  the  Show  are  to  be  found  at  the 
stand  of  Alfred  E.  Peirce,  of  Hammersmith,  who  exhibits  a  variety  of 
galvanized  metal  articles  in  the  shape  of  feeding  troughs,  wheelbarrows, 
water  tanks,  piggeries,  and  pumps.  The  feeding  troughs  are  con- 
structed wholly  of  wrought  iron,  with  turned-over  edge  and  smooth 
surface  of  equal  strength  throughout,  thus  avoiding  dangerous  keen 
edges  and  numerous  rivets,  and  as  the  trough  is  galvanized  after  it  is 
made,  all  leakage  is  avoided,  and  the  joints  thoroughly  protected.  The 
wheelbarrow,  composed  entirely  of  galvanized  iron,  a  great  portion  of 
which  is  tubular,  not  only  presents  a  light  appearance,  but  is  in  reality 
light.  The  arms  of  the  wheel  and  the  frame  are  tubular,  the  latter 
consisting  of  two  bent  tubes  extending  from  front  to  rear,  and  forming 
not  only  the  supports  for  the  wheel,  but  also  the  legs  and  handles. 
Another  article  is  a  universal  drinking  trough,  cattle-crib  water  cart, 
garden  or  fire  engine,  or  dipping  apparatus.  The  body  of  the  cart, 
constructed  on  the  trough  principle,  is  mounted  upon  three  wheels, 
with  turn-over  shafts  and  covers,  loose  hay  grid,  and  watering  spread 
with  rotatory  or  lever  pumps  for  ordinary  pumping,  and  jets  to  throw 
a  continuous  stream  of  twenty  gallons  per  minute  to  a  height  of  fifty  feet. 
This  is  really  a  multum  in  parvo,  and  should  be  seen  to  be  thoroughly 
appreciated.  The  piggeries  and  kennels  are  also  constructed  wholly 
of  galvanized  wrought  iron.  The  framing  of  each  is  of  angle  iron, 
secured  to  tubular  hinged  pillars  covered  with  corrugated  iron,  to  fold 
for  transit,  and  to  enable  a  labourer  to  fix  or  take  down  in  a  few  min- 
utes at  pleasure.  The  pumps  are  mounted  upon  a  tubular  wheel  and 
barrow  frame,  precisely  similar  to  the  wheelbarrow,  are  light  and  easy 
of  transport,  and  are  entirely  self-contained.  They  are  useful  either  as 
ordinary  pumps,  or  as  fire  or  garden  engines. 

A  simple,  cheap,  and  efficient  portable  farm  railway,  with  truck  and 
turntable,  is  exhibited  by  the  inventor,  Mr.  John  Grant,  of  Linton, 
Kent.  The  object  of  Mr.  Grant's  improvements  is  to  supply  a  cheap 
but  thoroughly  practicable  tramway  system  for  the  use  of  farmers  in 
carting  manure  and  farm  produce  over  their  land.  The  portable  rail- 
way consists  of  light  wrought-iron  rails,  secured  to  longitudinal  wooden 
sleepers,  to  the  ends  of  each  of  which,  on  the  underside,  there  is  secured 
a  plate  of  sheet  iron,  which  at  one  end  forms  a  projecting  tongue,  and 
at  the  other  end  a  socket,  to  receive  the  corresponding  tongue  on  the 
adjoining  end  of  the  next  rail  and  sleeper,  wdiich  is  readily  slipped  into 
its  place  by  a  boy,  and  requires  no  fastenings,  as  the  weight  of  the  truck 
in  passing  over  the  joint  nips  the  tongue  in  its  socket  as  in  a  vice,  and 
leaves  it  free  again  to  be  removed  and  replaced  for  forming  a  second 
track  as  soon  as  the  train  has  passed.  In  manuring  a  field  on  this 
system,  the  second  track  would  be  laid  parallel  to  the  first  and  about 
two  rods  removed  from  it,  and  so  on  throughout  the  width  of  the  field, 
the  different  tracks  being  connected  by  a  cross  track  and  portable  turn- 
tables of  very  simple  construction.  There  is  much  that  is  worthy  of 
commendation  in  Mr.  Grant's  system,  which  has  already  been  in  opera- 
tion in  various  parts  of  Kent,  and  has  given  great  satisfaction.  As  a 
saving  in  draught  power,  it  is  decidedly  a  step  in  the  right  direction. 
We  refer  such  of  our  readers  as  may  be  interested  in  knowing  more 
about  Mr.  Grant's  portable  railway  system  to  a  paper  read  by  that 
gentleman  before  the  Maidstone  Farmers'  Club,  in  January,  1864. 
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IMPROVED  JACQUARD   MACHINE. 

James  Melvin,  Dunfermline. — Patent  dated  May  10;  1864. 

Mr.  Melvin's  invention  relates  to  certain  improvements  in  jacquard 
machines,  whereby  a  great  reduction  in  the  number  of  cards  required 


Jnnnary  1,  1S65. 


THE  PRACTICAL  MECHANIC'S  JOURNAL. 


301 


for  forming  a  pattern  on  the  cloth  is  effected.  The  arrangement  of 
mechanism  under  which  this  invention  is  carried  into  effect,  consists  of 
a  rectangular  frame  containing  the  set  of  needles  which  act  upon  the 
wires  to  which  the  harness  is  attached.  The  needles  are  arranged  so  that 
their  ends  pass  through  both  plates  or  sides  of  the  frame,  and  a  spring  is 
placed  at  either  end  of  them  ;  shoulders  or  collars  being  formed  on  the 
needles,  so  that  the  springs  may  be  kept  in  position  between  these  collars 
or  shoulders  and  the  interior  sides  of  the  frame.  The  frame  contain- 
ing the  needles  is  made  capable  of  sliding  to  a  small  extent  horizontally, 
so  that  by  moving  it  in  one  direction  or  the  other  the 
springs  on  opposite  ends  of  the  needles  are  alternately 
brought  into  a  state  of  compression  or  inactivity  ;  that  is 
to  say,  the  springs  when  in  a  state  of  compression  act 
upon  the  needles.  Accordingly,  when  the  springs  on  one 
end  of  the  needles  are  released  the  opposite  ones  ars 
compressed,  and  the  needles  are  forced  in  the  opposite 
direction.  To  utilize  this  arrangement  of  the  needles  two 
jacquard  barrels  are  used,  one  being  situated  on  either 
side  of  the  machine,  so  as  to  act  upon  the  adjacent  ends 
of  the  needles.  Two  sets  of  cards  are  employed,  one  on 
each  barrel. 

From  the  foregoing  description  of  needle  arrangement 
and  jacquard  barrels,  it  is  obvious  that,  when  working  in 
one  direction,  the  vertical  needles  or  wires  (except  when 
pushed  off  by  means  of  blanks  in  the  cards)  will  be  situ- 
ated as  bearing  upon  the  bars  of  the  lifting  frame  or 
"  brander;"  and  that  when  working  in  the  opposite  direc- 
tion, the  opposite  springs  being  compressed,  the  vertical 
wires  will  be  all  pushed  off  the  "  brander,"  except  when 
forced  against  it  so  as  to  be  lifted  up  by  it.  The  cards 
working  on  the  second  jacquard  barrel  are  therefore 
punched  reversely  to  the  first;  that  is  to  say,  when  there 
is  a  hole  in  the  first  jacquard  card  there  would  be  a  blank 
in  the  second,  so  that  when  the  barrel  is  brought  near  to  and  upon  the 
needles  the  requisite  needles  may  be  forced  against  the  "  brander"  to 
be  lifted  by  it,  and  then  the  pattern  is  formed  by  means  of  the  opposite 
or  second  jacquard  barrel.  The  "brander"  is  lifted  by  means  of  a 
connecting  rod  driven  by  a  crank  from  the  loom,  and  the  jacquard 
barrels  are  actuated  by  means  of  cranks  or  eccentrics  on  a  second  shaft, 
and  provided  with  a  clutch  so  as  to  put  either  one  or  the  other  of  them 
in  or  out  of  gear. 

When  using  the  aforementioned  jacquard  machine  the  loom  is  stopped 
when  one  section  (either  the  cross  border  or  ground)  is 
woven,  and  the  barrel  with  the  cards  used  for  that  part  is 
thrown  out  of  gear.  At  the  same  time  the  barrel  and  cards 
for  forming  the  pattern  on  the  next  portion  of  the  cloth  are 
brought  into  gear. 

Fig.  1  of  the  engravings  is  a  side  elevation  of  the 
improved  jacquard  machine ;  fig.  2  is  a*  corresponding  front 
elevation  thereof,  with  the  jacquard  barrel  removed.  As 
previously  mentioned,  the  essential  feature  of  this  invention 
consists  especially  in  the  application  of  two  jacquard  barrels 
to  one  set  of  needles ;  these  barrels  are  shown  of  the  hexa- 
gonal form  at  A  and  B,  fig  1 ;  the  barrels  not  being  shown 
at  fig.  2,  in  order  that  other  parts  of  the  apparatus  may 
be  more  distinctly  visible.  The  two  barrels,  A  and  B,  are 
carried  on  bearings  in  the  upper  ends  of  two  levers,  c  and 
d;  these  levers  are  broken  off  short  in  fig.  2,  and  are  keyed 
or  fixed  upon  cross  shafts,  E  and  F,  one  of  which,  namely, 
E,  is  seen  at  fig.  2.  The  shafts,  e  and  f,  are  caused 
to  partly  rotate  in  their  bearings  by  motion  derived  from  a 
crank,  or  cam,  on  a  second  shaft  driven  off  the  first  motion 
shaft  of  the  loom,  not  seen  in  the  engravings,  the  motion 
being  communicated  to  the  shafts  E  and  F,  by  connecting 
links  and  levers,  G,  H,  I,  and  K.  The  second  shaft 
carrying  the  cranks  or  cams  is  provided  with  clutches,  so  that  the 
links,  G  and  n,  may  be  alternately  engaged  or  disengaged,  by  which 
arrangement  it  is  only  possible  that  one  of  the  barrels,  A  or  B,  can  be 
actuated  at  once.  It  is  to  be  understood  that  this  arrangement  of 
jacquard  machine  is  intended  only  to  be  used  in  producing  goods, 
part  of  which  are  formed  with  a  repeated  centre,  and  part  with  a  plain 
ground  or  figured  cross  border.  One  of  the  barrels,  for  instance  the 
barrel  A,  carries  a  chain  of  cards  punched  according  to  the  pattern  to 


be  produced  on  the  cloth  ;  the  other,  B,  carries  a  chain  of  cards  punched 
to  shed  the  warps  in  such  manner,  that  a  plain  ground,  or  figured  cross 
border,  only  can  bo  produced.  In  changing  the  machine  from  working 
the  centre  or  cross  border  portions  of  the  cloth,  the  loom  is  stopped,  and 
either  one  or  the  other  of  the  barrels,  A  or  B,  is  put  out  of  action  by 
means  of  the  clutches  on  the  second  shaft,  as  before  described.  Another 
very  important  part  of  this  invention  consists  in  arranging  the  horizontal 
needles,  a,  a,  a,  figs.  1  and  2,  in  such  manner  that  they  are  capable 
of  being  acted  upon  at  both  ends,  and  by  the  barrels.     To  effect  this 

Fig.  1. 


object,  the  needle  guides,  M  and  N,  one  at  either  side,  contain  the 
ordinary  springs  used  for  pushing  the  needles  outwards  in  ordinary 
jacquard  machines.  Beyond  the  two  needle  guides,  M  and  N,  metallic 
plates,  or  movable  spring  boards,  O  and  P,  are  situated ;  these  are 
fixed  on  the  ends  of  two  bars,  R  and  s,  which  slide  in  the  bearings,  T, 
fig.  1,  and  shown  in  dotted  lines  in  fig.  2.  On  portions  of  the  horizontal 
needles  at  either  end,  and  at  any  suitable  distance  from  the  end,  shoulders 
are  formed,  against  which  one  end  of  the  spiral  spring  abuts,  the  other  end 
abutting  against  the  inner  side  of  the  needle-guides.    It  is  thus  evident, 


ng.  2. 


that  as  either  of  the  plates,  o  or  p,  is  brought  nearer  against  its  adjacent 
needle-board,  M  or  N,  the  ends  of  the  needles  on  that  side  will  protrude 
through  the  holes  in  the  plates,  O  or  P,  to  such  a  length,  that  they  are 
capable  of  being  acted  upon  by  the  jacquard  barrels.  But  owing  to  the 
fact  that  the  vertical  wires  of  the  jacquard  apparatus  are  made  with  a 
single  hook  or  crook  at  their  upper  end,  A,  and  that  these  wires  or  needles 
are  acted  upon  by  springs  at  both  ends,  it  is  evident  that  whilst,  they 
are  pressed  off  the  bars  of  the  brander,  u,  by  the  action  of  the  spring  at 
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one  side  of  the  machine,  that  when  the  springs  at  the  opposite  side  of 
the  machine  are  in  action,  they  will  he  pushed  against  the  brander.  It 
therefore  becomes  necessary  to  punch  the  cards  on  the  one  barrel,  that 
one  on  the  side  when  the  wires  are  all  pushed  off  the  brander,  in  a 
manner  precisely  the  reverse  of  what  would  be  the  case  if  the  wires 
were,  by  the  action  of  the  springs,  all  maintained  against  the  brander ; 
that  is  to  say,  that  in  those  places  where  in  an  ordinary  jacquard 
machine,  holes  would  be  punched  to  allow  the  needles  to  enter,  so  that 
the  wires  might  be  lifted  by  the  brander,  in  this  case  blanks  would  be 
left  on  the  cards,  so  that  the  wires  might  be  pushed  on  the  brander.  A 
lever,  w,  is  attached  to  a  cross  shaft,  v,  to  which  other  levers,  x,  are 
fixed,  for  bringing  either  one  or  other  of  the  plates,  o  and  p,  into  action, 
as  may  be  required.  It  is  to  be  understood  that  one  of  the  most 
important  features  of  the  present  invention,  consists  in  the  great  saving 
of  cards  which  is  effected  by  its  adoption ;  it  being  only  necessary  to 
employ  a  chain  of  cards  on  one  barrel,  containing  no  greater  number 
than  is  required  to  form  one  repeat  of  the  pattern,  and  on  the  other 
barrel  a  chain  consisting  of  a  few  cards  to  work  the  plain  ground  or 
figured  cross  border,  instead  of  using  a  long  chain  of  cards  as  usual 
with  the  pattern  repeated,  as  is  done  in  the  ordinary  mode  of  weaving 
ornamental  or  figured  goods. 


CORES  AND  MOULDS. 

J.  Henry  Johnson,  London  and  Glasgow. —  Communicated  by  3 osei'h 
Harrison,  Philadelphia,  U.S.A. — Patent  dated  May  25,  1865. 

Mk.  Hakkison's  invention  consists  in  forming  cores  and  parts  of  moulds 
of  moist  sand  or  other  material,  for  pipes  or  other  castings,  on  a  perfo- 
rated tube  or  other  form  of  any  desired  length  or  shape,  such  tube  or 
other  form  having  certain  attachments  described  below,  so  that  the 
tilled  of  a  vacuum  may  be  obtained  in  order  to  strengthen  the  core 
or  mould  at  the  moment  of  casting,  and  at  the  same  time  to  rapidly 
take  away  from  the  core  or  mould  the  gases  generated  by  the  molten 
metal,  thus  preventing  the  tendency  to  blowing  or  making  imper- 
fect, work. 

One  or  both  ends  of  the  tube  may  be  attached  by  any  of  the  ordinary 
means  to  an  air  pump,  or  to  a  vacuum  chamber,  placed  at  a  con- 
venient distance  from  the  mould.  When  the  casting  is  to  be  poured, 
the  air  pump  is  first  to  be  started,  or  a  connection  with  the  vacuum 
chamber  opened,  which  will  immediately  cause  the  air  surrounding  the 
core  to  enter  and  permeate  through  the  sand,  and  to  find  at  length  an 
entrance  into  the  tube  through  the  perforations  therein.  As  the  metal 
rises  under  and  around  the  core,  the  gases  that  are  produced  inside  the 
core  by  the  heat  of  the  metal  will  be  forced,  by  the  effect  of  the 
vacuum,  into  the  tube,  a,  and  thence  discharged  by  the  air  pump,  or 
made  to  occupy  the  empty  space  in  the  vacuum  chamber.  The  core 
or  mould  is  thus  much  more  effectually  vented,  than  when  the  gases 
are  taken  off  in  the  ordinary  maimer,  whilst  at  the  same  time,  in  con- 
sequence of  the  partial  vacuum  which  takes  place  through  the  whole 
length  of  the  core,  the  sand  forming  the  core  is  relieved  of  the  pres- 
sure at  or  near  its  centre ;  the  pressure  of  the  atmosphere  being  against 
its  external  surface,  the  whole  core  is  much  strengthened,  and  a  better 
class  of  casting  is  the  result. 

The  annexed  engraving  represents  a  longitudinal  sectional  eleva- 
tion of  a  core,  constructed  according  to  this  invention,  adapted  for 
casting  a  pipe  having  a  series  of  spherical  chambers  or  enlargements 
formed  therein,  a  is  the  perforated  tube,  provided  with  any  convenient 
coupling,  or  with  a  union  joint  at  each  end,  for  the  facility  of  connect- 
ing it  with  an  air  pump  or  vacuum  chamber,  b  is  the  sand  of  the  core, 
which  is  rammed  round  the  perforated  surface  of  the  tube,  a. 


of  a  vacuum,  has  been  proposed  for  the  purpose  of  obtaining  a  more 
correct  product  from  the  mould,  but  the  two  methods  have  entirely 
different  aims.  In  the  former  case  the  moulds  are  made  of  metal  or 
other  solid  material,  and  the  sole  object  is  to  exhaust  the  cavity  of  the 
mould  by  means  of  the  vacuum,  whilst  the  plastic  material  is  being 
run  into  the  mould.  Whereas,  according  to  the  present  invention,  no 
effort  to  exhaust  the  cavity  of  the  mould  is  made,  but  it  is  left,  in  the 
usual  manner,  open  to  the  external  air.  These  cores  or  moulds  are 
made  of  porous  moist  sand,  or  similar  material,  and  the  present  object 
is  to  convey  away,  by  means  of  a  vacuum,  the  gases  that  are  always 
generated  in  such  material  as  these  cores  or  moulds  ai'e  made  of, 
whenever  molten  metal  is  run  into  the  cavity  of  the  mould. 


It  is  also  intended  to  apply  the  same  mode  of  venting  and  strength- 
cuing  moulds  or  other  forms  made  of  sand  or  other  material,  for  the 
purpose  of  making  castings,  where  such  moulds  or  forms  might  not  be 
properly  called  cores.  A  method  of  exhausting  moulds  for  molten 
metal,  or  plastic  material,  such  as  gutta  percha  and  the  like,  by  means 


FREEZING  AND  COOLING  LIQUIDS. 

J.  Henry  Johnson,  London  and  Glasgow. — Communicated  by  H.  N. 
Dallemagne,  of  Paris. — Patent  dated  22nd  Mat/,  1865. 

This  invention  has  reference  to  a  simple  and  economical  apparatus, 
which  may  be  constructed  in  the  form  of  a  decanter,  or  carafe,  for  the 
purpose  of  obtaining  ice,  or  for  simply 
iceirjg  or  cooling  liquids,  and  consists 
in  the  employment,  for  such  purpose, 
of  an  outer  and  an  inner  vessel  of  glass, 
or  other  suitable  material,  each  of 
which  is  provided  with  a  separate 
moulh,  or  orifice,  of  its  own — the  two 
vessels  being  so  disposed  that  there 
shall  be  no  communication  between 
their  interiors.  For  this  purpose,  the 
neck  of  the  inner  vessel  is  brought 
through  the  side,  or  other  convenient 
part  of  the  outer  vessel,  and  is  pro- 
vided with  a  stopper  of  its  own,  whilst 
the  outer  vessel  is  provided  with  the 
usual  or  other  neck,  suitable  for 
decanters  or  water  bottles,  if  the  appa- 
ratus is  required  for  use  on  the  table ; 
any  shape  or  configuration  ma}',  how- 
ever, be  given  to  the  two  vessels. 
The  relative  capacities  of  the  liquid 
spaces  of  the  two  vessels  should  be  in 
the  following  proportions — namely,  if 
the  capacity  of  the  inner  vessel  be  1 
quart,  that  of  the  surrounding  space 
inside  the  outer  vessel  should  be  about 
0-750  of  a  quart.  The  inner  vessel  contains  the  freezing  or  cooling 
mixture,  and  the  outer  one  the  liquid  to  be  frozen,  iced,  or  cooled.  Any 
well-known  freezing  mixture  may  be  used,  but  it  is  preferred  to  employ 
the  following,  viz.: — 

Sal  ammoniac, 5  parts. 

Nitrate  of  potash, 5     " 

Water, 16     " 


Nitrate  of  ammonia, 1  part. 

Hydrated  carbonate  of  soda, 1     " 

Water, 1     " 

The  annexed  engraving  represents  an  elevation  of  a  carafe  constructed 
according  to  this  invention.  A  is  the  external  vessel,  and  B  the  internal 
one,  which  is  blown  inside  the  first.  The  liquid  to  be  iced  is  intro- 
duced through  the  neck,  a,  which  is  closed  by  an  ordinal  y 
stopper,  c,  whilst  the  freezing  ingredients  are  introduced  into 
the  vessel,  B,  through  the  mouth  thereof,  which  passes  through 
the  side,  or  other  convenient  part,  of  the  outer  vessel,  A,  and  is 
closed  by  a  ground  stopper,  D.  E  is  the  handle  of  the  complete 
apparatus.  In  some  cases  the  inner  vessel  may  be  connected 
to  the  outer  one  by  screwing,  so  that  when  used  for  iceing  the  two  may 
be  combined,  but  when  no  longer  required  for  that  purpose  they  may 
be  disconnected  from  each  other. 
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COMMUNICATION  IN  TRAINS. 
J.  Henkt  Jounson,  London  and  Glasgov). — Communicated  by 
Thomas  Hunt  of  Bilboa,  Spain, — Patent  dated  April  11,  18C5. 

This  invention  consists  in  the  application  of  one  continuous  main  or 
line  extending  throughout  the  length  of  a  train,  or  between  any  speci- 
fic situations,  from  which  branches  communicate  with  the  insides  of 
the  vehicles,  or  with  an)'  other  desirable  locality.  The  main  or  line 
may  be  of  cord  or  chain,  or  a  combination  of  chains,  rods,  or  cords; 

and  its  connection  with  the 
branches  is  so  arranged,  that 
when  actuated  by  any  one 
branch  by  the  person  desir- 
ous of  communicating,  no 
other  branch  is  affected.  In 
connection  with  each  branch 
there  is  a  disc  or  other  sig- 
nal, exposed  by  the  action 
of  the  branch  only,  and  not 
by  the  main  or  line,  which 
latter  only  affects  a  signal 
placed  contiguous  to  the 
guard  or  person  whose  at- 
tention is  required. 

To  execute  the  actions 
above  described,  one  or 
more  pulleys  are  placed  in 
convenient  situations,  round 
which  the  main  or  cord  is 
wound ;  or  it  may  only  be  in 
contact  therewith,  each  pul- 
ley having  a  stop  which  on]}' 
permits  it  to  move  in  one 
direction,  when  communi- 
cation is  only  required  one 
way ;  or  the  pulleys  may  be 
free  of  any  stop  when  com- 
munication is  made  both 
ways  ;  or  by  giving  a  more 
extended  movement  to  the 
branch,  the  pulleys  may  be 
made  without  stops  when 
communicating  in  both  di- 
rections ;  and  the  same 
results  may  be  produced  by 
means  of  levers  or  quad- 
rants, instead  of  pulleys.  Close  to  each  pulley,  or  lever,  or  quadrant, 
and  between  them  when  two  are  used,  there  is  a  branch  at  right  angles 
to  the  main  or  cord,  passing  to  any  convenient  place  inside  of  the 
vehicle,  or  to  any  other  desired  locality.    The  movement  of  the  branch 

Fig.  2. 


Fig.  3. 


Fig.  4. 


by  a  passenger  or  other  operator,  disengages  a  disc  or  other  signal  placed 
in  a  position  to  be  seen  by  the  individual  called,  and  at  the  same  time 
indicates  the  locality  of  the  caller. 

The  connection  between  the  main  or  line,  and  the  branch,  is  formed 


by  one  or  more  pulleys  in  simple  contact  therewith,  and  held  in  guides 
which  permit  of  a  longitudinal  movement  of  the  main  or  line,  without 
affecting  the  branch,  it  being  exclusively  the  power  of  the  latter  which 
actuates  the  former. 

In  a  convenient  place  in  the  guard's  van  is  placed  a  bell,  or  gong, 
sounded  by  a  bolt  disconnected  from  the  end  of  the  main  or  line  when 
the  latter  is  operated  upon  by  a  passenger  or  other  person  requiring 
attention.     Instead  of  a  bell,  or  gong,  any 
other  signal  which  produces  a  report  when 
operated  upon  may  be  used. 

Fig.  1  of  the  engravings  represents  a 
transverse  vertical  section  of  a  portion  of  a 
railway  carriage  fitted  with  one  arrangement 
of  the  improved  apparatus  for  communicating 
between  the  passengers  and  guard.  Fig.  2 
is  a  plan  of  one-half  of  the  underside  of  the 
carriage  framing,  with  the  side  and  end  of 
the  carriage  in  horizontal  section.  The  remaining  figures  are  enlarged 
details  of  the  principal  working  parts  hereafter  more  fully  described. 

A  is  the  main  under-framing  of  the  carriage,  and  B  the  body, 
or  top,  bottom,  and  sides  thereof.  In  each  compartment  of  every 
carriage  in  the  train  there  is  provided  a  handle,  c,  fig.  1,  attached  to  a 
rod  which  passes  out  through  the  roof,  and  is  connected  to  a  short 
length  of  chain,  D,  which  passes  over  a  guide  pulley,  d',  carried  by  a 
bracket  fixed  on  the  roof  of  the  carriage.  In  order  to 
protect  the  chain  and  rod  as  much  as  possible  from  exter- 
nal injury,  they  are  inclosed  in  a  short  length  of  tube,  E, 
secured  hy  a  flange  to  the  roof  of  the  carriage.  P  is  a  rod 
passing  vertically  down  the  outside  of  the  carriage,  and 
attached  at  its  upper  end  to  the  chain,  D,  whilst  its  lower 
extremity  is  connected  to  the  short  length  of  chain,  g. 
This  rod,  f,  is  provided  with  a  projecting  lug,  a,  to  which 
is  suspended  the  pin  or  bolt,  b.  To  the  outside  of  each 
of  the  several  compartments  of  the  carriages,  there  is  fitted 
a  spring-actuated  disc,  H,  of  which  figs.  3,  4,  and  5 
represent  respectively  an  enlarged  detail  plan,  front  eleva- 
tion, and  section  at  right  angles  to  the  latter.  This  disc 
is  so  constructed,  that  when  no  signal  is  required,  it  will 
be  maintained  close  against  and  parallel  to  the  side  of  the 
carriage  ;  but  so  soon -as  it  is  released  by  the  pulling  of 
the  handle,  C  (fig.  1),  as  hereafter  explained,  it  will 
instantly  be  forced  into  a  position  at  right  angles  to  the 
carriage  side,  and  will  consequently  be  readily  seen  by  the 
guard  when  looking  along  the  side  of  the  train.  The  releas- 
ing of  the  disc  is  effected  in  the  following  manner : — The 
disc  itself,  h,  turns  on  a  spindle,  c,  in  a  fixed  bracket,  d,  to  which  a 
blade  spring,  e,  is  secured.  The  free  end  of  this  spring  presses  against 
an  anti-friction  roller  in  the  end  of  an  arm,  f,  secured  to  the  spindle,  c, 
at  right  angles  to  the  disc,  and  consequently  tends  to  turn  the  spindle 
and  disc  through  an  arc  of  90°  when  the  disc  is  released.  In  its 
normal  or  "all  right"  condition,  however,  the  disc  is  locked  parallel 
to  the  side  of  the  carriage  by  the  pin  or 
bolt,  b,  passing  through  an  eye,  g,  in  the 
upper  part  of  the  fixed  bracket,  d,  and 
through  a  corresponding  eye  in  the  end  of 
the  short  arm,  h,  also  secured  to  the  spindle, 
c,  near  its  upper  end,  and  in  a  position  at 
right  angles  to  the  disc.  So  long  as  the  pin 
or  bolt,  b,  remains  in  these  two  eyes,  the  disc, 
H,  will  be  locked  in  the  "  all  right "  posi- 
tion ;  but  immediately  the  handle,  c,  is 
pulled  by  a  passenger,  the  pin  or  bolt,  b, 
will  be  raised,  and  the  disc  will  be  instantly 
turned  outwards,  assuming  the  position 
shown  in  figs.  1,  2,  and  3,  by  the  pressure 
of  the  blade  spring  against  the  anti-friction 
roller  in  the  end  of  the  arm,  /,  and  will 
thereby  indicate  to  the  guard  the  particular 
compartment  of  the  train  to  which  his  atten- 
tion has  been  called.  The  same  operation  which  releases  the  disc, 
simultaneously  sounds  a  gong  or  other  convenient  alarm  apparatus  in 
the  guard's  van  at  the  end  of  the  train,  and  this  is  effected  in  the  fol- 
lowing manner: — The  chain,  G,  attached  to  the  lower  end  of  the  vertical 
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Fig.  5. 


sliding  rod,  F,  is,  where  requisite,  guided  to  a  convenient  position  under- 
neath the  main  framing  by  means  of  guide  pulleys,  I  and  K  (figs.  1  and 
2),  and  is 'Connected  to  one  end  of  a  horizontal  rod,  L,  which  slides  in  one 
or  more  fixed  guide  eyes  secured  to  the  framing,  A,  and  which  carries  at 
its  centre  a  pulley,  M.  This  rod  and  pulley,  with  the  chains,  G  and  D, 
rod,  F,  and  handle,  C,  constitute  the  branch  connection  with  the  main 
or  principal  line  of  communication,  N,  which  extends  from  end  to  end 
of  the  train ;  the  branch  acting,  as  will  be  presently  seen,  upon  the  main 
line,  N,  in  a  direction  at  right  angles  thereto.  In  front  of  each  of  the 
several  movable  pulleys,  m,  throughout  the  train,  there  is  fixed  to  the 
main  framing  a  pair  of  stationary  pulleys,  O  o',  shown 
in  enlarged  detail  side  elevation  and  plan  at  figs.  6 
and  7.  These  pulleys  revolve  nearly  the  whole  of  a 
revolution  on  stud  pins  or  centres,  i  i',  fixed  into  the 
opposite  ends  of  a  plate,  P,  bolted  to  the  underside  of 
the  main  framing.  On  the  upper  surface  of  each 
pulley  there  is  a  circular  groove,  h  lc,  forming  the 
greater  part  of  a  circle,  and  in  these  grooves  project 
respectively  the  ends  of  the  fixed  pins  or  studs,  I  I', 
secured  to  the  plate,  P.  The  main  line  of  chain  or 
cord,  n,  is  passed  one  or  more  times  round  these 
pulleys,  so  as  to  have  a  firm  bite  thereon  ;  and,  if 
desired,  a  pin  may  be  inserted  into  one  of  the 
links,  and  into  the  pulley,  with  a  view  to  the 
securing  of  the  chain  or  cord  thereon,  and  prevent- 
ing any  slip.  The  direction  of  coil  round  each  pulley  is  from  left 
to  right,  if  the  motion  of  the  cord  is  to  be  transmitted  to  the 
right ;  or  from  right  to  left,  if  the  motion  is  to  be  conveyed  to  the  left, 
in  which  latter  case  the  positions  of  the  circular  grooves,  h  h',  and 
studs,  11',  will  have  to  be  reversed;  there  are  guards  partially  embracing 
the  pulleys,  0  O',  in  order  to  maiutain  the  position  of  the  main  cord, 
N,  thereon.  That  portion  of  the  continuous  main  or  line,  N,  which 
extends  between  the  pulleys,  o  o',  is  acted  upon,  or  pulled  laterally  by 
the  movable  pulley,  M,  in  connection  with  the  branch  line,  when  the 
handle,  c,  in  the  carriage  is  drawn  down ;  the  result  being  that  the  con- 
tinuous main  will  be  drawn  from 


Fig.  6.  the  position  shown  in  fig.  7,  to 

the  position  shown  in  fig.  2.  The 
pulley,  o,  is  prevented  from 
revolving  in  the  direction  of  the 
arrow,  and  giving  off  cord  during 
the  action  of  the  pulley,  M,  by 
the  fact  of  the  stud,  I,  being  at 
the  end  of  the  groove,  lc,  but  the 
pulley,  o'  allows  the  cord  to  be 
given  off  freely,  as  the  stud,  I', 
is  in  such  a  position  in  the 
groove,  lc',  as  to  admit  of  the 
pulley,  o',  making  nearly  a  com- 
plete revolution  in  the  direction 
of  the  arrow;  and,  consequently, 
the  whole  of  the  slack  formed 
between  the  two  pulleys  will  be 
taken  from  the  rear  end  of  the 
continuous  main,  N,  and  will  not 
affect  in  any  way  that  portion  in  advance  of  the  pulley,  o,  or  which 
extends  to  the  front  of  the  train ;  consequently,  the  power  required  to 
actuate  the  apparatus  is  reduced  to  a  minimum,  and  the  slack  to  be 
taken  up  is  only  that  portion  between  the  operator  and  the  signal.  It 
will  be  readily  understood  that  this  movement  of  the  rear  end  of  the  con- 
tinuous main,  N,  may  be  easily  made  to  actuate  a  signal  or  alarm  apparatus 
in  the  guard's  van,  with  a  view  to  calling  his  attention  to  some  one  of  the 
compartments  of  the  train,  the  particular  compartment  being  at  once 
indicated  to  him  by  the  position  of  its  disc,  H,  which  has  been  released, 
as  before  described,  by  the  pulling  of  the  branch  connection.  After  a 
signal  has  been  made  in  the  guard's  van,  and  before  the  guard  leaves  it 
for  the  locality  of  the  operator,  he  connects  the  main,  N,  with  the  alarm, 
which  operation  draws  or  straightens  the  main,  as  shown  in  fig.  7. 
The  signal  apparatus  which  it  is  preferred  to  employ  in  the  guard's  van, 
is  represented  in  sectional  elevation,  fig.  8.  It  consists  simply  of  a 
gong,  Q,  struck  by  a  sliding  hammer,  R,  acted  upon  when  released  by  a 
helical  spring,  s.  When  set,  the  hammer  is  drawn  back  and  held  in 
that  position  by  a  claw  on  the  end  of  a  bell  crank  lever,  T,  engaging 


with  a  pin  in  a  collar,  Q,  fast  on  the  stem  of  the  hammer.  The  other 
end,  v,  of  the  bell  crank  is  connected  to  the  end  of  the  continuous 
main  or  line,  N,  before  referred  to,  so  that  on  pulling  the  same,  the 
claw  will  release  the  hammer,  and  allow  it  to  strike  the  gong.  A 
guide  eye  should  be  attached  to  each  end  of  each  carriage,  through 
which  the  main,  N,  is  passed,  and  a  connection  or  joint  is  formed  between 
each  length  of  main,  between  the 
several  carriages,  by  a  spring  hook 
or  otherwise,  so  as  to  afford  facility 
for  the  ready  making  up  of  a  train, 
or  of  the  removal  of  one  or  more 
carriages  therefrom.  The  carriages 
composing  a  train   being  connected 


Fig.  8. 


together  in  the  ordinary  way,  and 
the  signal  which  passengers  are  to  operate  upon  being  at  the  rear  end, 
the  main  line,  N,  of  each  carriage  is  drawn  towards  the  rear  end  of  the 
train,  until  the  pulleys,  O  o',  are  in  contact  with  their  stops,  I  I',  and 
the  main  or  line  of  each  is  then  coupled  with  its  neighbour,  beginning 
with  the  signal  van  and  the  next  carriage,  and  so  on  until  all  are  con- 
nected. Other  modifications  are  specified,  but  the  foregoing  descrip- 
tion amply  illustrates  the  invention. 


LAW    REPORT. 


Tangye  v  Stott. — Weston's  Patent  Pulley  Blocks. — Before  Vice- 
Chancellor  Sir  W.  P.  Wood  and  a  jury,  December  11th,  12th,  13th,  15th,  and 
16th,  1865. 

This  was  a  trial  by  special  jury  of  certain  issues  directed  in  the  cause  for  the 
purpose  of  determining  the  validity  of  letters  patent  for  an  invention  of  "a  new 
or  improved  pulley,"  granted  to  Thomas  Aldridge  Weston  in  April,  1859.  The  case 
raised  a  very  curious  conflict  of  testimony  upon  the  question  of  novelty,  and  excited 
much  interest.  The  defendants  were  charged  by  the  plaintiffs  with  having  manu- 
factured and  sold  between  the  1st  of  October,  1864,  and  the  14th  of  March,  1865, 
pulleys  constructed  according  to  Weston's  patent.  The  particulars  of  objections 
delivered  by  the  defendants  raised  the  case  that  Weston  was  not  the  true  and  first 
inventor,  and  that  the  invention  was  not  new  within  the  United  Kingdom  at  the 
date  of  the  patent,  having  been  anticipated  by  prior  publication  by  a  working  model 
exhibited  at  Bristol  in  1831,  and  also  by  a  description  of  that  invention  contained  in 
Dr.  Carpenter's  ''Mechanical  Philosophy,  Horology,  and  Astronomy,"  edition  1844; 
and  also  that  there  had  been  manufacture  and  user  by  various  persons  (named) 
including  the  principal  defendant,  James  Stott,  prior  to  April,  1859,  the  date  of 
the  letters  patent.  It  was  also  suggested  that  the  invention  was  borrowed  from  a 
similar  model  which  had  been  lent  by  Moore  to  the  plaintiffs,  at  a  period  alleged  by 
the  defendants  to  have  been  antecedently  to  the  same  date.  According  to  the 
description  contained  in  the  specification,  Weston's  invention  consisted  of  a  new  or 
improved  pulley  for  raising  weights,  moving  heavy  bodies,  actuating  presses,  and 
for  other  like  purposes,  and  which  was  constructed  in  the  manner  described  in  the 
specification,  and  illustrated  in  the  accompanying  drawing.  In  the  construction  of 
this  invention,  an  endless  chain  was  so  applied  to  an  axle  of  two  different  diameters 
in  the  two  parts  to  which  the  chain  was  applied,  or  to  two  pulleys  of  different 
diameters,  that  two  depending  loops  were  formed  by  the  endless  chain,  each  of  the 
said  loops  hanging  from  one  side  of  one  part  of  the  axle,  or  one  pulley,  to  the  ( 
opposite  side  of  the  other  part  of  the  axle,  or  the  other  pulley.  When  pulleys  were 
used  they  were  made  to  rotate  together  by  being  fixed  together,  or  fixed  to  the  same 
axis — the  axis  in  this  case  rotating  with  the  pulleys.  The  specification  proceeded 
to  describe  the  mode  of  applying  the  endless  chain  and  the  details  of  the  invention 
by  reference  to  the  drawing  (the  figure  in  the  margin  being  the  figure  in  the  draw- 
ing representing  the  pulley  in  front  elevation),  and  then  continued  : — "  The  peri- 
pheries of  the  pulleys,  a  b,  are  shaped  so  as  to  receive  and  engage  with  the  links  of 

the  chain,  as  hereinafter  described  and  illustrated  in  the  drawings Upon 

the  pin  or  rivet,  f,  fixed  in  the  frame  of  the  pulley,  is  a  roller,  g,  of  two  different 
diameters,  leaving  equal  spaces  between  itself  and  the  pulleys,  a2  and  ia,  at  those 
parts  opposite  the  said  pulleys,  and  at  such  a  distance  from  them  that  the  chain 
can  only  pass  when  the  links  are  in  the  places  formed  to  receive  them.  This  device 
prevents  the  weight  falling  from  the  chain  getting  out  of  gear  with  the  pulleys,  and 
also  forces  back  any  link  which  may  have  begun  to  rise  from  its  place  in  the  peri- 
phery of  either  pulley h  h  are  bits  projecting  from  the  peripheries  of  the 

pulleys,  a2  and  62,  against  which  bits  those  links  lying  flatwise  catch — the  links 
which  go  on  the  pulleys  edgewise  being  received  into  a  groove  formed  all  round  the 
pulleys,  as  shown  in  the  drawing."  The  specification  contained  the  following 
passage  in  conclusion: — "Having  now  described  the  nature  of  my  invention,  and 
the  manner  of  carrying  the  same  into  effect,  I  wish  it  to  be  understood  that  I  do 
not  limit  myself  to  the  precise  details  herein  described  and  represented,  as  the  same 
may  be  varied  without  departing  from  the  nature  of  my  invention ;  but  I  claim  as 
my  invention  the  new  or  improved  pulley  hereinbefore  described  and  illustrated  in 
the  accompanying  drawing — that  is  to  say,  a  pulley  consisting  of  an  axle  of  different 
diameters  in  different  parts,  or  consisting  of  two  or  more  single  pulleys  of  different 
diameters,  the  said  pulleys  being  fixed  together,  or  fixed  upon  the  same  axis,  an 
endless  chain  being  passed  twice  over  the  pulley  in  the  manner  described,  and  form- 
ing two  depending  loops ;  in  one  or  both  of  which  loops  is  a  snatch-block,  to  which 
the  article  to  be  moved  is  connected."  The  passage  from  Dr.  Carpenter's  book 
commenced  as  follows  (s.  351): — "An  extremely  simple  and  ingenious  application 
to  the  pulley  of  the  principle  which  has  been  mentioned  under  the  head  of  the 
Chinese  wheel  and  axle  (s.  325),  has  been  devised  by  Mr.  Moore,  of  Bristol.     Its 
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beauty  consists  in  permitting  an  increase  of  power  to  any  extent  by  the  employ- 
ment of  onlv  two  pulleys."  Or.  Carpenter,  after  describing  and  explaining  the 
process  in  which  a  fixed  pulley  with  two  grooves,  one  larger  than  the  other,  and 
with  an  endless  cord  passing  over  the  larger  groove,  and  then  beneath  a  lower 
movable  pulley,  was  used,  concluded  as  follows: — "As  the  cord  has  no  fixed 
extremitv,  and  as  the  action  of  the  pulleys  would  be  altogether  destroyed  if  it  had 
the  power  of  sliding  over  them,  it  is  necessary  to  take  some  means  of  preventing 
this.  The  simplest  is  the  employment  of  a  chain  instead  of  a  cord,  the  links  of 
which  are  laid  hold  of  by  pins  projecting  from  the  surface  of  the  wheels.  The 
author  may  express  his  surprise  that  this  ingenious  invention  has  not  come  into 
more  general  use,  since  it  enables  any  amount  of  power  to  be  obtained  without  any 
corresponding  enlargement  of  the  apparatus  or  increase  of  friction."  The  contest 
in  favour  of  the  patent  was,  in  effect,  that  Weston  had  been  the  first  to  succeed  in 
preventing  the  slipping  or  sliding  of  the  chain,  alluded  to  by  Dr.  Carpenter,  and 
that  he  had  effected  this  by  the  peculiar  conformation  of  the  peripheries  of  the 
pulleys  for  receiving  and  engaging  with  the  links  of  the  chain,  as  described  in  the 
specification  and  drawing ;  and  that  he  was  the  first  who  introduced,  for  commercial 
or  manufacturing  purposes,  the  differential  pulley  as  a  practic- 
able machine.  In  June,  1861,  the  plaintiffs,  Messrs.  Tangye, 
Brothers,  who  carry  on  business  in  partnership  as  engineers 
at  Birmingham,  obtained  from  Weston  the  exclusive  license  to 
use  the  patent,  and  in  August,  1864,  the  patent  itself  was 
assigned  to  them.  At  the  International  Exhibition  of  1862  a 
set  of  the  patented  pulleys  was  exhibited,  and  a  prize  medal 
was  awarded  to  Weston  for  his  invention,  the  award  being  thus 
^  stated  in  the  report  of  the  jurors: — "Class  VIII. — 2020. 
*  Weston,  T.  A  ,  differential  pulleys,  original  application,  practi- 
cal utility,  and  success."  The  defendant,  James  Stott,  was  a 
retail  ironmonger  in  Rochdale;  and  the  circumstances  arising 
ont  of  the  alleged  manufacture  and  sale  by  him  of  pulleys 
identical  with  Weston's  prior  to  the  date  of  the  patent,  will  be 
found  in  the  statement  of  counsel  and  the  evidence. 

The  bill  was  filed  in  March,  1865,  and  the  usual  interlocu- 
tory motion  for  an  injunction  having  been  directed  to  stand 
over  until  the  hearing,  issues  were  directed  for  trial  before  his 
Honour  without  a  jury.  The  case  was  specially  fixed  for  hear- 
ing on  Tuesday,  the  5th  December,  but  after  the  opening  on 
behalf  of  the  plaintiffs,  the  Vice-chancellor  intimated  that  in 
such  a  case  the  assistance  of  a  jury  ought  to  be  called  in,  and 
the  defendant's  counsel  requesting  tiiat  there  might  be  a  jury, 
the  case  stood  over  for  that  purpose.  Since  the  opening  of 
the  case  on  the  oth,  the  defendant  had  moved  for  and  obtained 
leave  to  amend  his  particulars  of  objections  by  stating  that  in 
and  about  1835,  and  at  other  times  prior  to  April,  1859,  the 
invention  was  publicly  used  at  Bristol  in  the  construction  of 
a  steam  engine  by  Moore,  and  in  the  business  of  a  currier  aud 
tanner  in  lifting  weights  and  otherwise. 

A  special  jury  having  been  summoned,  the  trial  commenced 
on  the  11th  December,  and  was  continued  during  the  above 
days. 

Mr.  Grove,  Q.C.,  Mr.  Giffard.  Q.C.,  Mr.  Theodore  Aston, 
and  Mr.  Lawson  (instructed  by  Mr.  J.  Henry  Johnson  of  Lin- 
coln's Inn  Fields,  London,  and  Glasgow),  were  counsel  for  the 
plaintiffs;  Mr.  Willcoek,  Q.C.,  Mr.  Daniel,  Q.C.,  Mr.  Lorence 
Bird,  and  Mr.  Druce  were  for  the  defendants. 

Mr.  Grove,  Q.C.,  opened  the  case  on  behalf  of  the  plaintiffs, 
and,  after  describing  the  nature  of  the  invention,  stated  that 
one  question  for  the  determination  of  the  jury  would  be  whether 
Weston's  patent  had  been  anticipated  by  the  passage  in  Dr. 
Carpenter's  "  Mechanical  Philosophy,  Horology,  and  Astro- 
nomy," published  in  1844,  and  containing  a  description  of  a 
pulley  invented  in  1830  by  Mr.  Moore,  of  Bristol,  the  model  of 
which  had  been  deposited  by  that  gentleman  in  the  Philo- 
sophical Institution  of  Bristol  in  1831.  The  case  of  the 
plaintiffs  was  that,  although  the  differential  principle  as  applied 
to  pulleys  had  undoubtedly  been  put  forward  in  Dr.  Carpenter's 
book,  and  illustrated  bySIoore's  model,  yet  the  actual  working 
of  that  model  and  the  description  given  in  Dr.  Carpenter's 
book  were  so  imperfect  that  the  proposed  result  could  not  be 
effected,  and  the  system  had  been  found  practically  useless 
until  Weston  had  supplied  the  defects  by  using  teeth  or  inden- 
tations in  the  peripheries  of  the  pulleys,  so  as  to  receive  the 
links  of  the  chain,  as  it  wound  round,  and  prevent  the  slipping 
of  the  weight.  In  Moore's  model  pins  were  employed,  the 
effect  of  which  was  that  the  chain  was  constantly  thrown  out  of  gear  and  the  weight 
slipped.  Further  than  this,  the  defendant  was  challenged  to  produce  any  evidence 
of  the  actual  and  not  merely  experimental  use  of  pulleys  made  according  to  Mr. 
Moore's  model.  Without  wishing  to  cast  any  discredit  upon  Mr.  Moore,  it  was,  as  far 
as  practical  working  went,  inoperative,  and  this  was  shown  to  be  so  by  the  present 
suit.  It  was  not  disputed  that  Dr.  Carpenter's  publication  was  anterior  to  Weston's 
patent,  and  all  the  world  had  a  right  to  make  what  use  they  could  of  it.  If,  then, 
Moore's  pulley  answered  all  the  purposes  of  Weston's,  why  did  the  defendant  prefer 
to  ose  Weston's,  and  to  incur  the  expensive  luxury  of  a  patent  suit?  With  respect 
to  the  second  branch  of  the  case,  the  questions  of  the  anticipation  of  the  patent  by 
the  alleged  prior  manufacture  and  sale  by  the  defendant,  James  Stott,  and  the 
infringement  of  the  patent  by  that  defendant,  would  form  a  curious  and  not  very 
pleasant  inquiry,  and  one  upon  which  there  would  no  doubt  be  great  conflict  of 
evidence.  In  1861  Mr.  Lampen,  the  traveller  for  Messrs.  Ransome,  the  wholesale 
agents  for  the  sale  of  these  pulleys,  called  on  the  defendant,  James  Stott,  at 
Kochdale,  showed  him  a  model  of  the  pulley,  and  solicited  orders.  Stott  took 
some  time  to  understand  the  action  of  the  pulley,  but  at  last,  when  it  had  been 
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explained  to  him,  gave  an  order  for  one  of  them.  He  subsequently,  by  letter, 
ordered  another  of  Messrs.  Ransome,  and  on  the  19th  of  August,  1863,  he  exhi- 
bited one  of  the  pulleys  which  he  had  bought  at  the  Rochdale  Agricultural  Show, 
the  description  given  in  the  catalogue  being,  "  Goods  exhibited  by  James  Stott, — 
Weston's  Patent  Pulley  Blocks."  It  would  further  appear  that  some  time  after- 
wards the  attention  of  Stott  was  called  to  the  passage  in  Dr.  Carpenter's  book,  and 
that  thereupon  he  entirely  changed  his  tactics,  and  setting  Messrs.  Tangye  at 
defiance,  represented  himself  as  the  inventor  of  the  differential  pulley,  subject  to 
Dr.  Carpenter's  book.  His  story  was,  that  he  and  one  of  his  workmen  had  set  to 
work  upon  Dr.  Carpenter's  book  long  before  his  letter  to  Messrs.  Ransome,  before 
the  visit  from  Lampen,  and  even  before  1859 — the  date  of  Weston's  patent — and 
that  he,  and  not  Weston,  was  the  inventor.  Such  a  story  was  simply  preposterous. 
When  Lampen  called  and  showed  him  the  pulley  in  1861,  why  did  he  not  at  once  say, 
"  That  is  as  old  as  the  hills ;  I  want  no  explanation  ;  I  know  all  about  it ;  I  made 
it  myself?  "  But  this  was  not  all.  In  1864  he  undoubtedly  began  to  make  pulleys 
himself,  taking  Weston's  pulley  as  the  pattern,  and  copying  it  servilely.  Furthei 
than  this,  he  had  put  forward  three  men  to  make  affidavits  in  his  favour  as  to 
certain  alleged  sales  of  this  pulley  anterior  to  the  patent.  One  of  them,  Farrall, 
had  recently,  without  the  slightest  persuasion  or  inducement,  voluntarily  written  a 
letter  to  the  plaintiff's  solicitor,  expressing  his  contrition  for  having  lent  himself  to 
such  a  disgraceful  business,  and  for  having  given  so  much  trouble  to  the  plaintiffs, 
who  never  injured  him.  If  the  defendant,  who  had  relied  on  Farrall,  dared  not  call 
him  as  a  witness  on  this  trial,  the  plaintiffs  would  certainly  avail  themselves  of 
their  privilege,  and  call  him  in  reply.  Without  attempting  to  justify  or  to  white- 
wash Farrall,  the  circumstantial  evidence  of  his  latter  story  being  true,  and  his 
former  false,  was  clear.  It  would  be  for  the  jury  to  say  whether  the  entries  in 
Stott's  books,  as  to  the  sale  of  pulleys  prior  to  the  patent,  were  or  were  not  fictitious. 
The  case  of  the  plaintiffs  was  that  they  were.  Further  than  this,  there  was 
evidence,  uncontradicted,  that  a  letter  had  been  written  by  Stott  in  a  false  name, 
applying  for  one  of  the  blocks,  and  stating  that  he  did  not  quite  understand  the 
principle.  This  was  the  gentleman  who  was  the  inventor!  One  more  circumstance 
remained,  and  that  was  that  a  pulley  was  produced  which  was  alleged  by  the 
defendant  to  have  been  one  of  those  which  was  made  antecedently  to  the  date  of 
the  patent  and  sold  by  him.  It  was  apparently  rusty,  but  upon  inspection  Dr. 
Odling  had  found  upon  it  traces  of  chlorine,  and  had  pronounced  the  rust  to  have 
been  artificially  produced,  to  give  the  thing  the  appearance  of  age,  and  not  by  the 
oxygen  of  the  air  acting  upon  the  iron.  This  was  the  plaintiffs'  case,  and  it  would 
be  for  the  jury  to  say  whether  the  patent  was  invalidated  by  a  prior  disclosure  of 
the  invention  in  Dr.  Carpenter's  book,  and  whether  the  inconsistencies  in  the 
defendant's  conduct  could  be  satisfactorily  explained.  Was  his  story  true  or  false  ? 
That  was  the  real  issue  for  them  to  try. 

Evidence  was  given  on  behalf  of  the  plaintiffs  by  Mr.  Fothergill,  C.E.,  Mr. 
Mallet,  C.E.,  and  other  witnesses,  as  to  the  merits  and  originality  of  Weston's  patent, 
and  that  no  ordinary  skilled  workman  would  have  been  able  to  construct  Weston's 
pulley  from  the  description  given  in  Dr.  Carpenter's  book.  With  respect  to  Moore's 
pulley,  which  was  produced  in  court,  they  insisted  that  it  was  of  no  practical  use 
for  commercial  or  manufacturing  purposes,  and  that,  from  the  absence  of  the 
ordinary  signs  of  wear  and  tear,  very  little  work  could  ever  have  been  done  by  it. 

On  the  second  branch  of  the  case,  the  question  of  anticipation  and  infringement 
by  the  defendant,  James  Stott,  evidence  was  given  by  Mr.  Lampen,  traveller  for 
the  plaintiffs'  agents  (Messrs.  Ransome),  to  the  effect  already  stated.  Evidence  was 
also  given  that  the  defendant  visited  Birmingham  in  1864,  and  procured  admission 
to  the  plaintiffs'  works,  and  endeavoured  to  get  some  pulley  chains  manufactured 
by  the  chain  maker  for  the  plaintiff's,  on  the  footing  that  he  was  making  Weston's 
patent  pulley  blocks,  and  was  provided  with  a  proper  introduction  from  the  plaintiffs. 
A  pair  of  pulleys  purchased  from  the  defendant  in  October,  1864,  from  the  block  of 
which  the  words  "  Weston's  patent"  had  been  partially  erased,  were  produced,  and  a 
letter  was  produced  (now  admitted  to  have  been  written  by  the  defendant  in  1S64) 
applying  to  Mr.  Carter,  of  Manchester,  an  agent  of  the  plaintiffs,  for  a  model  of 
Weston's  pulley,  as  he  did  not  quite  understand  the  principle.  This  letter  was 
signed  "For  Samuel  Harrop,  per  John  Easop." 

This  was  in  substance  the  case  of  the  plaintiffs. 

Mr.  Willcoek,  Q.C.,  for  the  defendant  (James  Stott)  opened  the  defence.  The 
real  question  for  the  decision  of  the  jury  would  be  whether  the  invention  patented 
by  Weston  was  new,  for  although  the  issues  raised  the  double  question  of  novelty 
of  inventiou  and  infringement  by  the  defendant,  yet  if  the  jury  should  find  that 
Weston's  invention  was  new  and  not  invalidated  by  prior  publication  or  user,  then 
it  would  be  idle  to  deny  that  the  defendant  had  been  guilty  of  infringement.  The 
defendant's  case  was  based  upon  this,  that  Weston's  patent  was  bad,  as  having  been 
anticipated  by  prior  invention,  by  prior  publication,  and  by  prior  user.  As  to  prior 
invention  it  would  be  shown,  and  indeed  it  was  not  denied,  that  Mr.  Moore,  of 
Bristol,  had  invented  and  publicly  exhibited  the  model  of  a  differential  pulley  as 
long  ago  as  1831,  and  had  afterwards,  about  1835,  used  a  pulley  made  after  this 
model  in  the  construction  of  a  locomotive  engine,  and  for  other  purposes.  With 
respect  to  Moore's  working  block,  a  case  of  publication  and  application  to  useful 
purposes  in  England  long  before  the  date  of  Weston's  patent  would  be  shown 
conclusively.  It  would  be  for  the  jury  to  say  whether,  looking  at  Weston's  specifi- 
cation, there  was  any  substantial  difference  between  Moore's  and  Weston's  process. 
As  to  prior  publication,  the  principle  was  discussed  and  explained  in  Dr.  Carpenter's 
book  in  1844,  and  although  Weston  might  have  improved  upon  the  system  of 
pulleys  previously  in  use,  by  adopting  teeth  or  indentations  by  which  the  endless 
chain  should  be  held  upon  the  wheel  in  place  of  pins,  yet  the  real  question  was 
what  he  claimed  by  his  specification,  and  whether  those  improvements  were  in  any 
part  of  the  specification  prominently  put  forward  as  essential  to  the  pulley  therein 
described.  With  respect  to  prior  user,  evidence  would  be  given  that  Stott,  after 
seeing  Dr.  Carpenter's  book  in  1855,  turned  his  attention  to  the  subject,  and  with 
the  assistance  of  an  ingenious  workman,  named  Hardcastle,  had  formed  a  perfect 
working  model  of  Moore's  differential  pulley,  first  using  the  pins,  which  did  not  answer, 
and  then  substituting  indentations  or  recesses  in  the  peripheries  of  the  pulleys,  so  as  to 
prevent  the  chain  from  slipping.  Stott  made  but  slow  progress.  His  capital  was  small. 
It  would  be  shown  however,  that  he  had  made  and  sold  these  differential  pulleys  from 
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1858  to  1863,  though  not  to  any  great  extent,  and  that  the  pulleys  so  made  had  been 
used  and  seen  in  use.  No  doubt  many  things  bad  been  deposed  to  by  plaintiffs'  wit- 
nesses which  might  prejudice  the  defendant,  and  that  prejudice  might  not  be  entirely 
removed.  But  at  the  same  time,  the  jury  would  not  bear  too  hardly  upon  him  on 
that  account.  The  conduct  of  the  defendant  showed  that  he  considered  himself  as 
a  competitor  with  the  plaintiffs,  and  equally  entitled  to  manufacture  and  sell  pulleys 
of  the  description  called  "Weston's  patent  pulleys,"  believing,  as  he  did,  that 
Weston's  patent  could  not  be  supported.  At  any  rate  there  had  been  no  misrepre- 
sentation or  attempt  to  palm  off  his  goods  as  those  of  the  plaintiffs.  His  attitude 
had  been  one  of  bold  defiance.  He  had  directly  challenged  the  patent  by  sending 
Messrs.  Ransome  his  circular,  and  soliciting  their  agency.  Throughout  the  pro- 
ceedings Stott  would  be  found  constantly  asserting  his  right  to  make  these  pulleys. 
In  conclusion,  he  would  urge  upon  the  jury  the  duty  of  closely  scanning  the  mode 
in  which  the  plaintiffs'  case  had  been  got  up,  and  the  sort  of  trap  that  had  been  set 
for  the  defendant.  Any  evidence  given  in  reply,  especially  of  a  man  like  Farrall, 
who  was,  so  it  was  stated,  about  to  swear  the  reverse  of  what  he  had  previously 
sworn,  must  be  regarded  with  the  greatest  suspicion. 

For  the  defence  the  following  evidence  was  given  : — 

Mr.  Moore,  of  Bristol,  deposed  to  having  invented  a  differential  pulley  (that 
referred  to  by  Dr.  Carpenter  in  his  book)  in  1830,  and  deposited  a  model  of  it  at 
the  Bristol  Philosophical  Institute,  and  at  the  Adelaide  Gallery.  Had  used  a  pulley 
constructed  according  to  the  model  about  1838,  in  making  a  locomotive  engine 
which  was  to  be  worked  along  the  turnpike  road  by  gunpowder,  and  also  in  lifting 
weights.  Several  of  Mr.  Moore's  workmen  were  called  who  had  assisted  in  the 
construction  of  the  engine,  and  saw  the  pulley  in  use  about  1838.  The  pulley, 
however,  had,  like  the  gunpowder  engine,  been  thrown  aside,  and  was  only  lately 
discovered  lying  with  old  iron  and  fragments  of  unsuccessful  experiments  of  Mr.  Moore 
at  a  back  yard  in  Bristol.  Mr.  Carpmael,  C.E.,  and  Mr.  Imrie,  C.E.,  were  called  as 
scientific  witnesses.  Mr.  Carpmael  stated  that  Moore's  model,  and  Dr.  Carpenter's 
book,  would  enable  a  mechanic  to  construct  a  pulley  for  practical  purposes,  and  Mr. 
Iinrie  stated  that  although  for  flat  link  chains  pins  would  be  a  convenient  contriv- 
ance, for  an  ordinary  chain  projections  to  catch  the  sides  of  the  links  would  be 
better.  On  the  question  of  anticipation  by  the  defendant  himself,  evidence  was 
given  of  his  having  made,  with  the  assistance  of  a  workman  named  Hardcastle 
(who  came  forward  as  a  witness)  a  differential  pulley  in  1857,  and  sold  it  to  one 
Hartley,  who  swore  to  having  paid  a  man  named  Farrall  (then  in  the  defendant's 
employ)  for  it,  and  used  it  at  the  building  of  the  Wesleyan  schools  at  Rochdale  in 
1858,  and  at  other  places.  Hartley  swore  that  a  pulley  now  produced  in  court 
(which  was  identical  with  that  of  Weston)  was  the  one  bought  by  him  in  1857,  and 
that  it  had  only  left  his  possession  (with  his  permission)  once,  when  it  was  sent  to 
the  defendant  to  be  repaired.  It  was  in  the  same  condition  as  when  it  left  his 
hands,  "only  a  little  rustier."  It  appeared  that  the  receipt  produced  by  Hartley 
as  the  one  given  to  him  at  the  time  of  his  purchase  of  the  pulley  in  1857  had  been 
lost  since  his  cross-examination  before  the  special  examiner  last  June,  when  it  was 
handed  over  to  defendant's  solicitor. 

Evidence  was  given  by  persons  who  had  been  engaged  on  the  Wesleyan  schools  in 

1858,  that  they  had  seen  a  "differential  pulley  block  with  an  endless  chain"  used. 
One  Gill  also  deposed  to  having  purchased  a  pair  of  pnlley  blocks  from  the 

defendant  in  1857,  and  paid  ready  money  for  them.  This  witness  had  made 
an  affidavit  in  which  he  had  sworn  that  a  person  on  behalf  of  the  plaintiffs  had 
called  on  him  while  these  proceedings  were  pending  and  offered  him  .£20  to  go  to 
Manchester  and  swear  an  affidavit. 

On  cross-examination  and  to  the  Vice-Chancellor  he  persisted  in  his  belief  that 
the  man  had  come  from  the  plaintiffs,  though  without  any  definite  ground,  as  it 
appeared,  beyond  his  opinion.  He  was  severely  reprimanded  by  the  Vice-Chancellor 
as  lie  left  the  witness-box. 

The  defendant  was  called  and  deposed  to  having  made  the  pulleys  first  in  1857 
with  the  assistance  of  Hardcastle  and  on  the  suggestion  contained  in  Dr.  Carpenter's 
book,  first  trying  pins,  which  did  not  succeed,  and  then  using  recesses  or  indenta- 
tions, and  denied  much  of  what  had  been  stated.  He  was  subjected  to  a  long  and 
severe  cross-examination,  in  the  course  of  which  he  was  involved  in  several  contra- 
dictions between  his  present  evidence  and  that  given  in  his  affidavit.  He  admitted 
that  the  letter  already  referred  to  contained  a  falsehood,  and  was  written  in  a 
fictitious  name  for  a  person  whose  permission  to  write  the  letter  he  had  not  got. 

With  respect  to  the  rust  on  the  pulley  sold  to  Hartley  in  1857,  Mr.  Mattey  (a 
metallurgical  cbemi.st)  deposed  that  he  had  found  traces  of  acid  and  ammonia 
(negativing  the  inference  that  the  rust  was  artificial),  but  admitted  that  he  had  not 
analyzed  it  with  the  express  view  of  finding  chlorine,  and  that  the  tests  that  he  had 
used  would  not  be  reliable  for  that  purpose. 

At  the  conclusion  of  the  defendant's  evidence  the  plaintiffs  gave  evidence  in 
reply,  and  called  Farrall,  who  had  been  in  defendant's  employment  in  1857,  and 
for  several  years  afterwards,  and  had  made  an  affidavit  strongly  supporting  the 
defendant's  case.  The  evidence  of  this  man  produced  a  marked  impression  on  all 
present.  It  was  given  slowly  and  distinctly,  and  in  a  sad  tone  of  voice,  quite  bearing 
out  his  own  words  that  he  had  been  conscience- stricken  ever  since  he  had  forsworn 
himself  in  his  affidavit,  that  he  had  found  no  peace,  and  that  he  was  so  troubled 
he  could  not  stand  it  any  longer.  He  now  stated  that  the  contents  of  his  affidavit 
were  false,  and  under  the  direction  of  Stott  he  had  fabricated  in  1864  on  an  old 
bill-head  a  receipt  for  a  pair  of  endless  chain  blocks,  purporting  to  be  sold  to  Hartley 
in  1857.     lie  denied  that  such  blocks  had  ever  been  sold  in  that  year  or  before 

1859,  and  deposed  to  the  falsification  of  certain  entries  in  the  defendant's  hooks, 
and  in  the  book  of  one  of  the  defendant's  witnesses  named  Crabtree,  who  was  one 
of  the  men  engaged  in  this  act.  Witness  had  seen  him  a  few  days  ago,  and  told 
h'un  "  whatever  he  did,  not  to  push  his  soul  further  into  purgatory  than  it  was,  but 
to  make  a  clean  breast  and  speak  the  truth." 

Crabtree  was  called  by  the  defendant,  and  had  been  seen  about  the  court  during 
the  trial,  hut  did  not  appear. 

Farralfs  statement  was  confirmed  by  a  Mr.  Collie,  to  whom  he  had  unbur- 
dened himself.  Collie  told  him  that  it  was  a  duty  he  owed  to  society  to  make 
reparation  by  coming  forward  and  telling  the  truth,  whatever  might  be  the 
cousequence. 


Dr.  Odling  had  found  distinct  traces  of  chlorine  upon  the  rusty  pulley,  and  in 
answer  to  the  Vice-Chancellor  said  that  the  quantity  was  so  obvious  that  it  could 
not  have  been  produced  by  the  mere  atmospheric  influences  of  a  manufacturing 
town. 

Mr.  Daniel,  Q.C.,  summed  up  the  evidence  on  behalf  of  the  defendant,  and 
pressed  upon  the  jury,  that  whatever  irregularities  there  might  have  been  in  the 
conduct  of  the  defendant,  they  ought  to  pause  before  they  ascribed  perjury  and 
conspiracy  of  the  grossest  character  to  the  defendant  and  his  witnesses  on  the  testi- 
mony of  a  man  like  Farrall,  who  had  admittedly  perjured  himself. 

Mr.  Grove,  Q.C.  (in  the  course  of  an  able  and  very  eloquent  reply),  contended 
that  the  evidence  showed  conclusively  that  Moore's  pulley,  though  an  ingenious 
attempt,  was  not  a  practical  invention  in  the  fair  sense  of  the  term.  If  so,  why 
had  it  been  abandoned  and  tossed  on  one  side  till  it  was  rescued  from  that  limbo  of 
abandoned  speculations  in  Mr.  Moore's  back  yard  in  Bristol?  Why  was  it  not 
shown  at  work  in  court?  and  why  did  defendant's  witnesses  content  themselves 
with  stating  it  to  be  useful  as  a  mere  matter  of  opinion  ?  In  the  second  branch  of 
the  case  the  various  inconsistencies  between  Stott's  conduct  and  his  present  story, 
3nd  the  many  suspicious  circumstances  in  the  defendant's  case,  were  pointed  out.  No 
doubt  a  double  pulley  of  some  kind  was  in  use  at  the  Wesleyan  schools  in  1858,  hut 
there  was  no  trustworthy  evidence  to  show  that  the  thing  then  used  was  a  differen- 
tial pulley,  such  as  that  invented  by  Weston.  The  more  respectable  witnesses  could 
say  but  little  about  it.  They  had  not  examined  it.  The  nearer,  however,  that  the 
pinch  of  the  case  was  approached,  the  worse  the  class  of  witnesses  for  the  defendant. 
The  defendant,  Gill,  Hardcastle,  and  Hartley,  were  not  the  witnesses  of  truth.  Their 
story  was  a  fabrication.  With  respect  to  Farrall,  the  jury  had  seen  his  demeanour 
in  the  witness  box.  He  had  been  warned  in  solemn  and  impressive  terms  by  the 
Vice-Chancellor,  before  he  gave  his  evidence,  of  the  consequences  to  himself,  but  he 
adhered  to  his  better  determination.  Having  been  dragged  into  the  depths  of 
perjury,  he  halts  and  says  he  will  go  no  further.  However  gross  his  former 
misconduct,  his  present  tale  bore  the  stamp  of  truth,  and  unless  the  jury  were 
prepared  to  say  that  the  whole  thing  was  a  dramatic  representation  got  up  between 
Farrall  and  Collie,  their  evidence  must  be  believed.  Where  was  Crabtree?  He 
dared  not  come  fonvard  after  the  solemn  warning  given  to  him  by  Farrall.  Where 
were  those  others  who  would  have  supported  the  defendant  and  his  witnesses  in  their 
story?  That  story,  as  it  stood,  was  inexplicable,  and  he  called  upon  them  to  believe 
the  evidence  now  given  by  Farrall,  who,  goaded  by  the  stings  of  conscience,  had,  at 
the  eleventh  hour,  come  forward  as  a  repentant  sinner. 

The  Vice- Chancel  lor  summed  up.     His  Honour  said — 

Gentlemen  of  the  Jury — You  have  been  summoned  in  this  very  painful  inquiry 
for  reasons  which  I  will  very  briefly  state  to  you.  Had  the  case  turned  upon  "what 
you  have  heard  with  regard  to  Mr.  Moore's  proceedings  and  Mr.  Moore's  invention, 
I  should  not  have  thought  it  necessary  to  have  asked  for  your  assistance.  With 
regard  to  that  part  of  the  case,  there  has  been  from  the  first  so  little  controversy  as 
to  fact,  that  I  should  not  have  felt  myself  justified  in  imposing  upon  you  the  duty 
of  leaving  your  businesses  and  your  homes  for  the  purpose  of  aiding  me  in  that  part 
of  the  inquiry.  But  it  was  opened  the  other  day  when  I  first  heard  of  the  case, 
and  when  I  was  led  to  suppose  I  was  about  to  hear  and  determine  these  issues 
which  are  now  brought  before  you,  without  any  assistance  whatever,  in  the  mode 
in  winch  we  are  accustomed  to  determine  many  questions  of  importance  in  this 
court — it  was  opened  to  me  that  there  was  a  case  of  fraud,  such  as  has  now  been 
stated  before  you,  alleged  on  behalf  of  the  plaintiffs,  with  circumstances  of  so  much 
intricacy  and  complication  as  regards  the  persons  supposed  to  be  implicated,  to  say 
the  least,  of  great  novelty  with  reference  to  the  position  of  the  witness  Farrall,  that 
although  I  had  been  invited  to  determine  the  case  without  the  assistance  of  a  jury, 
and  though  I  should  not  have  shrunk  at  the  last  from  assuming  that  duty  under 
all  the  circumstances  of  the  case  if  it  had  been  desired,  I  thought  it,  nevertheless, 
my  clear  duty  to  say — Do  not  all  the  parties,  or  at  least  one  of  the  parties,  desire 
the  assistance  of  a  jury?  and  the  moment  I  was  informed  that  either  party  desired 
that  the  court  should  be  so  assisted,  it  became  my  imperative  duty  to  ask  you  to 
assist  me,  in  order  that  gentlemen  like  yourselves,  conversant  with  mankind,  not 
embarrassed,  perhaps,  with  some  of  those  prejudices  from  which  no  man  can  be 
exempt,  and  from  which,  probably,  a  judge  of  this  court  may  find  it  in  some  degree 
difficult  to  be  free,  accustomed,  as  be  is,  unfortunately,  to  the  investigation  of  many 
cases  involving  charges  of  fraud — in  order  that  you,  free  from  those  embarrassments 
and  prejudices,  might  give  your  attention — and  undoubtedly  you  have  given  the  most 
marked  attention — to  every  portion  of  this  most  painful  inquiry,  and  then  determine 
in  favour  of  the  right. 

Now  as  regards  the  general  question  of  law,  I  shall  have  very  little  difficulty  in 
discharging  that  portion  of  my  duty  which  it  is  necessary,  of  course,  the  judge 
should  discharge  before  the  jury  take  the  question  into  their  consideration,  namely, 
informing  them  what  his  view  of  the  law  on  the  subject  is  to  which  their  attention 
is  to  be  directed,  what  are  the  facts  to  which  their  minds  are  to  be  directed  with 
reference  to  the  position  of  the  law,  and  if  I  err  in  giving  you  a  direction  on  that 
point,  of  course  that  error  will  be  corrected  in  another  quarter,  and  on  different 
principles  from  any  error  which  you  may  commit.  I  need  not  tell  you  that  any 
error  you  may  commit  in  point  of  judgment  not  being  so  remediable  as  those  which 
the  judge  may  commit  in  point  of  law,  because  it  is  far  more  difficult  to  interfere 
with  the  verdict  of  a  jury  when  once  given,  than  it  is  to  correct  any  errors  of  the 
judge  in  the  direction  which  he  may  have  given  to  the  jury  in  point  of  law,  I 
shall  give  my  direction  to  you,  by  preference  not  in  my  own  words,  though  I 
adopt  them  and  they  become  my  own  in  this  case,  but  rather  in  the  words  of  a 
judge  of  much  more  eminence  and  experience,  Mr.  Justice  Patteson,  in  one  of  those 
cases  to  which  Mr.  Grove  has  referred,  Jones  v.  Pearce ;  in  order  that  you  may 
have  in  your  minds  what  it  is  you  have  to  consider  with  regard  to  Moore's  case, 
and  with  regard  to  which  you  will  not  have  so  much  difficulty  as  you  will  have  with 
regard  to  the  alleged  prior  invention  of  Mr.  Stott. 

Now  as  to  what  I  call  Moore's  branch  of  the  case,  the  case  alleged  on  the  part 
of  the  defendant  is,  that  the  patent  is  not  a  new  invention  (that  is  the  main  issue 
you  have  to  try,  because  as  to  the  infringement  there  is  no  doubt,  if  the  patent  be 
new);  that  the  patent  is  not  a  new  invention  for  two  reasons,  first,  because  it  was 
anticipated  by  Moore  through  the  assistance  of  Dr.  Carpenter's  book;  secondly,  that 
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it  was  anticipated  by  Stott.  As  regards  Moore  it  is  alleged  that  Dr.  Carpenter  in 
that  book  (of  which  there  can  be  no  doubt,  for  you  have  had  it  before  you)  in  1844, 
stated  that  which  is  now  proved  by  Moore's  evidence,  that  Moore  ingeniously  con- 
trived on  the  principle  of  the  Chinese  windlass,  a  pulley,  which  may  be  called  a 
pulley  on  the  differential  principle.  I  think  Mr.  Moore  was  one  of  the  first  who  gave 
it  that  name,  it  having  a  double  pulley  or  system  of  pulleys,  the  diameter  of  which 
was  of  different  dimensions,  and  would,  therefore,  in  the  mode  which  is  here  des- 
cribed, and  I  do  not  here  more  particularly  enter  into  what  Stott's  did,  give  a  great 
advantage  in  point  of  power  to  any  system  of  pulleys  which  had  ever  yet  been 
adopted;  the  common  system  being  one  which  at  first  sight,  as  explained  by  Mr. 
Grove,  would  not  produce  such  an  advantage  of  power  as  is  here  produced.  That 
power  is  enormously  multiplied  by  the  system  here  adopted  if  it  worked  perfectly 
and  clearly;  and  it  is  said  by  Dr.  Carpenter  that  Mr.  Moore  had  invented  a  device 
of  this  description,  and,  as  Dr.  Carpenter  says,  it  would  be  necessary  in  any 
arrangement  of  this  description,  where  the  object  was  that  great  weights  should  be 
dealt  with,  because  the  object  is  to  multiply  power  for  the  purpose  ol'  moving  great 
weights — it  is  necessary,  says  Dr.  Carpenter,  that  some  device  should  be  adopted  to 
prevent  the  slipping  of  the  chain.  u  As  the  cord  has  no  fixed  extremity,  and  as 
the  action  of  the  pulleys  would  be  altogether  prevented  if  it  had  the  power  of  sliding 
over  them,  it  is  necessary  to  take  some  means  of  preventing  this.  The  simplest  is 
the  employment  of  a  chain  instead  of  a  cord,  the  links  of  which  are  laid  hold  of 
by  pins  projecting  from  the  surface  of  the  wheels.  The  author  may  express  his 
surprise  that  this  ingenious  invention  has  not  come  into  more  general  use,  since  it 
enables  any  amount  of  power  to  be  obtained  without  any  corresponding  enlargement 
of  the  apparatus  or  increase  of  friction."  There,  says  the  defendant,  the  principle 
is  pointed  out — the  invention  itself  is  pointed  out.  There  is  a  drawing  by  Dr. 
Carpenter  which  shows  what  Moore  had  done.  From  that  drawing,  says  the 
defendant,  and  he  calls  Mr.  Carpmael  to  assist  him  in  proving  it,  any  ordinary 
mechanic  might  have  made  a  pulley,  and  up  to  the  time  of  this  case  being  presented 
to  you,  gentlr men  of  the  jury,  the  case  rested  on  a  brass  model  of  Moore's  following 
the  design  which  is  mentioned,  agreeing  with  the  design  mentioned  in  Carpenter's 
book,  and  there  was  no  proof  before  me,  or  before  the  court,  up  to  the  present 
hearing,  of  any  pulley  being  actually  made  according  to  that  brass  model.  That 
was  the  defendants'  case.  Now  he  superadds  to  the  book  of  Dr.  Carpenter  and  the 
model  made  by  Moore,  the  fact — and  I  am  now  taking  it  as  an  undisputed  fact, 
because  there  is  no  dispute  upon  it — of  an  actual  pulley  being  made  (which  was 
produced),  and  which  pulley  has  been  used  by  Moore  in  a  manner  which  I  shall 
presently  more  particularly  describe,  but  it  is  the  making  of  that  pulley  with  all 
the  previous  advantage  you  may  have  of  the  description  in  Dr.  Carpenter's  book, 
the.existing  model,  and  the  use  of  that  pulley,  all  of  which  took  place  before  1859, 
by  which  the  defendant  says  the  plaintiffs'  invention,  or  alleged  invention,  has  been 
superseded.  On  the  other  hand,  Mr.  Weston  says,  I  never  saw  Moore's  model,  much 
less  the  pulley.  I  have  invented  the  process  which  I  have  adopted,  entirely  myself; 
I  brought  it  to  perfection ;  I  have  described  it  in  my  specification ;  and  I  am  there- 
fore the  inventor,  and  I  contend  that  the  invention  is  therefore  entirely  new.  I 
need  not  tell  you  that  it  would  not  be  of  the  least  consequence  whether  he  ever 
saw  Moore's  invention  or  not,  if  he  simply  did  that  which  some  others  have  done 
effectively,  and  in  such  a  way  as  to  prevent  the  possibility  of  taking  out  a  new 
patent,  though  he  bad  never  seen  what  had  been  done  by  his  predecessor.  If  his 
predecessor  had  done  that  which  was,  in  effect,  the  invention,  and  was  to  be  taken, 
in  point  of  law,  as  the  true  invention,  it  is  not  of  the  slightest  consequence  whether 
another  alleged  inventor,  who  takes  out  a  subsequent  pateut,  had  ever  heard,  seen 
it,  or  known  of  it,  because  the  law  does  not  allow  that  any  of  the  public  should  be 
excluded  from  the  benefit  of  the  invention  through  the  ignorance  of  some  after 
inventor  that  he  was  reinventing  that  which  the  public  hud  full  possession  of  before. 
Whether  Mr.  Weston,  therefore,  was  aware  or  not  of  the  existence  of  Moore's 
model,  or  of  the  existence  of  Dr.  Carpenter's  book,  or  the  existence  of  the  pulley, 
is  in  that  sense  unimportant.  It  is  only  in  one  sense  it  can  be  of  the  least  impor- 
tance, namely,  that  if  you  thought  Weston  had  ever  seen  that,  you  would  come  to 
the  conclusion  to  discredit  Weston's  evidence  upon  the  subject  altogether. 

Now,  I  am  going  to  tell  you  how  your  minds  are  to  be  applied  to  this  class  of 
evidence  in  the  words  of  a  learned  judge,  who  has  had  to  give  directions  on  a  very 
similar  subject,  and  what  he  says  is  this — I  address  this  to  you  as  the  learned  judge 
addressed  it  to  the  jury  before  whom  he  was  summing  up  the  evidence  : — "  If  then, 
on  the  whole  of  the  evidence  either  on  one  side  or  the  other,  the  wheel  constructed 
in  1814"  (I  may  here  say  the  pulley  constructed  in  1830),  "was  constructed  on 
the  same  principle,  and  in  substance  the  same  pulley,  as  the  other  for  which  the 
plaintiff  has  taken  out  his  patent,  and  that  was  used  openly  in  public,  so  that  every- 
body might  see  it,  and  had  continued  to  use  the  same  thing  up  to  the  time  of  tak- 
ing out  the  patent,  undoubtedly  then  that  would  be  a  ground  to  say  that  the  plain- 
tiffs' invention  is  not  new,  and  if  it  is  not  new  of  course  his  patent  is  bad,  and  he 
cannot  recover  in  this  action ;  but  if  on  the  other  hand  "  (this  is  the  other  side  to 
which  you  are  to  direct  your  attention),  "  you  are  of  opinion  that  Blr.  Moore's  was  an 
experiment,  and  that  he  found  it  did  not  answer,  and  ceased  to  use  it  altogether, 
and  abandoned  it  as  useless,  and  nobody  else  followed  it  up,  and  that  the  plaintiff's 
invention  which  came  afterwards,  and  remedied  the  defects,  if  I  may  so  say,  although 
he  knew  nothing  of  Mr.  Moore's  pulley,  he  remedied  the  defects  of  Mr.  Moore's 
pulley,  then  there  is  no  reason  for  saying  the  plaintiff's  patent  is  not  good."  I 
cannot  put  it  in  clearer  language.  I  do  not  know  that  it  has  ever  been  quarrelled 
with,  and  I  much  prefer  adopting  that  language  because  it  may  be  known  in  after 
stages  of  thi3  cause  what  words  I  used  to  you  in  the  clearest  possible  manner.  His 
Honour  then  went  through  the  evidence  which  was  adduced  as  to  the  use  by  Moore  of 
his  pulley  as  alleged  in  the  objection,  and  the  absence  of  evidence  of  any  use  of  it 
subsequently  to  the  year  1841,  and  then  continued — Mr.  Daniel  has  very  properly 
admitted  that  Moore  must  have  been  mistaken  in  a  fact  of  some  importance,  namely, 
that  he  had  shown  the  brass  model  to  Mr.  George  Tangye  before  the  date  of  the 
patent  in  1859.  Mr.  George  Tangye  has  been  called,  and  proves  by  the  date  of 
it  to  his  school  and  other  circumstances  connected  with  a  building  going  on 
at  Bristol,  that  that  interview  was  in  1862,  at  all  events  two  or  three  years  after  the 
date  of  the  patent,  and  Mr.  Daniel  says  very  properly,  I  cannot  rely  on  Mr.  Moore's 
evidence  as  contradicting  that  statement,  and  he  does  not  wish  you  to  descredit 


Mr.  Tangye's  belter  memory  ou  the  eunject.  All  these  facts  are  quite  within  your 
province,  and  open  to  your  better  recollection  of  the  evidence,  or  your  better  view  of 
the  evidence.  But  I  myself  believe  those  to  be  facts  which  Mr.  Grove  in  no  way 
impugns  or  disputes. 

Then  you  have  to  apply  to  those  facts  that  doctrine  winch  I  have  stated  to  you 
was  laid  down  by  Mr.  Justice  Patteson,  which  you  have  to  consider,  whether  or  not 
this  was  a  user  going  on,  open  to  everybody,  and  up  to  the  date  of  the  patent,  f'<r 
the  purpose  which  Mr.  Moore  has  mentioned,  or  whether  it  was  a  user  by  way  of 
experiment  by  Mr.  Moore,  used  for  a  certain  time  at  least,  put  by  before  the  date 
of  the  patent  as  useless,  and  not,  as  Mr.  Justice  Patteson  says,  afterwards  taken 
up  by  any  one  else,  but  brought  forward  by  the  plantiff  in  this  new  and,  as  he  says, 
totally  altered  condition,  because,  gentlemen,  you  see  what  the  ground  of  such  a 
view  of  the  law  is.  It  is  this,  that  the  public  should  have  given  to  them  something 
which  is  strictly  useful  as  a  manufacture  when  you  are  dealing  with  manufactures  or 
otherwise  for  commercial  purposes  and  objects — something  which  shall  be  practically 
useful  in  life.  It  is  that  to  which  the  patent  laws  are  addressed.  The  patent  laws  are 
not  addressed,  as  Mr.  Grove  has  properly  told  you,  to  questions  of  principle ;  questions 
of  principle  never  arise  in  any  of  these  patents  which  relate  to  mechanical  application, 
for  I  suppose  there  is  no  single  mechanical  principle  that  is  not  as  old  as  the  time  of 
Archimedes.  Every  mechanical  principle  is  well  known.  The  only  question  is  the 
application  of  these  principles  to  useful  and  important  discoveries.  It  is  not  mere  user. 
If  you  think  a  matter  has  been  so  clearly  described  in  a  previous  book,  or  a  previous  writ- 
ing— I  am  bound  to  add  that  if  you  think  either  the  book  of  Dr.  Carpenter,  or  the 
model  of  Mr.  Moore,  still  more  the  book  of  Dr.  Carpenter,  or  Moore's  pulley  as  it  stood, 
was  in  such  a  state  as  that  all  the  world  by  seeing  it,  for  that  is  what  is  meant  by  its 
being  used  or  being  seen  by  all  the  world,  when  I  say  all  the  world  I  mean  all  the 
mechanical  world,  persons  not  engaged  as  engineers,  not  as  contractors,  not  as 
inventors,  not  as  Mr.  Carpmael,  instructed  persons  on  the  subject,  but  if  ordinary- 
mechanics  by  the  assistance  of  those  means  previously  known  could  arrive  at  the 
invention  which  the  plaintiffs  have  here  patented,  then  the  patent  would  of  course  be 
void.  That  involves  this  question.  You  have  there  on  this  part  of  the  case — and 
this  is  the  only  part  that  appears  to  me  to  offer  much  for  your  consideration  upon 
the  alleged  invention  by  Moore — if  you  think  upon  the  evidence  being  balanced,  Mr. 
Fothergill,  Mr.  Mallet,  and  Mr.  Holman  on  the  one  hand,  and  Mr.  Carpmael 
and  Mr.  Imrie  on  the  other,  if  you  think  yon  can  come  to  the  conclusion  that  Dr. 
Carpenter's  description  would  enable  any  intelligent  mechanic  to  make  this  work, 
I  do  not  say  the  identical  work  in  its  highest  perfection,  because  it  has  been  improved 
since  the  patent,  but  to  make  a  pulley  which  would  work  commercially  and  in  a 
sense  which  would  make  it  useful  for  manufacturing  purposes,  then  you  must  give 
the  defendant  the  benefit  of  your  verdict  with  reference  to  the  question  of  novelty. 
If,  on  the  other  hand,  you  come  to  the  conclusion  that  these  various  assistances,  Dr. 
Carpenter's  book,  Sir.  Moore's  model,  Sir.  Moore's  pulley,  were  not  such  as  would 
lead  to  a  practical  result  such  as  has  been  opened  without  any  question  by  the 
plaintiffs'  invention ;  if  they  were  not  in  themselves  calculated  so  to  do,  then  the 
plaintiffs,  nnder  the  direction  I  have  given  you,  would  be  entitled  to  your  verdict. 

The  two  first  issues  are — Was  Weston  the  inventor?  secondly,  Was  the  thing  new? 
The  first  one  is  a  little  different  from  the  second,  although  at  first  sight  they  may 
seem  to  be  the  same,  because  although  the  thing  might  be  new  Weston  might  not 
be  the  inventor.  That  is  to  say,  a  workman  of  Moore  or  somebody  else  might  have 
told  him,  and  in  that  case  the-  patent  would  fail  although  the  thing  was  new,  because 
no  man  is  allowed  to  take  out  a  patent  in  his  own  name  when  the  invention  is  that 
of  another.  Therefore,  the  first  issue  is  that  which  I  have  stated,  Did  Weston 
invent,  or  did  Moore  invent  ?  Now,  unless  you  could  suppose  that  Moore  handed 
over  that  model  to  Weston  (which  has  been  abandoned),  I  think  you  can  have  no 
hesitation  in  saying  that  Weston  was  the  first  inventor,  if  the  patent  is  new.  If 
the  second  issue  is  found  against  him  then  both  points  are  gone,  because  Weston  is 
not  the  inventor.  But  if  you  find  it  to  be  new  I  think  you  will  have  no  difficulty 
in  finding  that  Weston  is  the  inventor.  The  question  for  you  is  whether  the  inven- 
tion is  new.  Then  the  second  question  being  whether  it  is  new,  I  have  told  you 
all  that  occurs  to  me  on  Moore's  case.  I  have  given  my  direction,  which  if  I  am 
wrong  can,  be  quarrelled  with  in  another  way  from  your  verdict.  If  I  had  thought 
there  were  any  other  facts  which  are  important,  it  would  be  my  duty  to  lay  them 
before  you.  I  think  I  have  collected  and  extracted  all  the  facts,  and  I  leave  them  to 
you  whether  the  whole  that  was  done  by  Moore,  including  of  course  Dr.  Carpeuter's 
book,  and  all  that  took  place  afterwards — whether  or  not  you  conceive  there  was 
such  an  invention  as  in  the  definition  I  have  given  you  in  Mr.  Justice  Patteson's 
words  would  amount  to  an  invention,  of  which  the  public  had  the  benefit,  so  as  to 
deprive  Mr.  Weston  of  saying  afterwards  that  he  had  become  the  inventor. 

His  Honour  then  commented  upon  the  part  of  the  case  relating  to  the  alleged 
anticipation  of  the  invention  by  the  manufacture  of  the  defendant  James  Stott,  and 
the  sale  by  him  of  pulleys  of  the  description  in  question  before  1859. 

As  regards  the  other  branch  of  the  case,  his  Honour  said — I  wish  that  could  be 
disposed  of  as  easily.  If  it  could  I  should  not  have  summoned  you  here.  As 
regards  that  other  part  of  the  case,  it  is  one  of  the  most  painful  that  it  has  been 
my  lot  to  witness,  either  with  or  without  a  jury.  I  think  I  never  had  a  case  before 
a  jury,  with  the  exception,  possibly,  of  one  ;  but  certainly  I  have  never  had  a  case 
approaching  this  in  its  details,  some  of  them  being  of  a  painful  and  startling 
novelty.  You  have  to  determine,  undoubtedly,  a  very  grave  question  with  respect 
to  the  character  of  no  less  than  three  at  least  of  the  defendant's  witnesses,  including 
the  defendant  Stott  himself— the  defendant  Stott  himself,  and  the  witnesses  Hart- 
ley, Gill,  and  Hardcastle.  Their  story  is  plain  and  explicit ;  and  if  their  story  be 
true,  Stott  is  the  inventor.  There  can  be  no  question  about  that,  subject,  of  course, 
to  the  defendant  having  derived  aid  from  Moore ;  but  as  between  Stott  and  Weston, 
Stott  is  the  inventor.  He  anticipated  Weston  clearly  and  distinctly,  and  made  the 
identical  thing,  for  there  is  next  to  no  difference  between  Exhibit  D  (the  identical 
pulley  sworn  to  have  been  made  and  used  by  Stott  in  1S57,  and  purchased  by 
Hartley  in  the  same  year)  and  the  plaintiffs'  pulleys.  I  should  not  be  justified  in 
calling  on  you  to  listen  to  Mr.  Justice  Patteson's  words.  It"  D  was  in  existence  and 
invented  before  the  date  of  the  plaintiffs'  patent,  there  is  an  end  of  the  plaintiffs' 
patent.  If,  on  the  other  hand,  the  case  set  up  by  the  plaintiffs  is  the  correct  one, 
and  if  you  do  disbelieve  those  witnesses,  then,  of  course,  the  plaintiffs  stand,  subject 
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to  the  question  with  regard  to  Mr.  Moore,  on  perfectly  firm  ground  as  regards  Stott's 
invention.  But,  on  the  other  hand,  what  do  you  do?  You  say  you  disbelieve 
Stott,  or  you  say  you  believe  that  he  is  perjured;  you  believe  Hartley  is  perjured 
(for  I  think  you  can  hardly  escape  from  that);  you  believe  Gill  is  perjured,  and 
you  believe  that  Hardcastle  is  perjured  (for  I  think  it  ail  but  impossible  to  escape 
from  that  conclusion);  and  you  believe  those  four  have  been  involved  in  the  addi- 
tional offence  of  conspiracy  with  reference  to  defrauding  the  present  plaintiffs  of 
their  rights  under  the  assignment  of  the  patent.  Now,  the  case  as  it  stands  here  is 
certainly  one  of  an  extremely  painful  character.  You  have  to  weigh  and  balance 
the  testimony  of  those  witnesses,  accompanied  with  a  charge  on  the  part  of  Farrall, 
who  is  brought  here  to  allege  distinctly  perjury,  fraud,  and  conspiracy.  You  have 
to  balance  those  statements  of  the  one  against  the  other,  and  you  have  also  to  bear 
in  mind  what  are  the  facts  which  can  bear  on  the  alleged  conspiracy  and  perjury  on 
the  one  side,  and  the  alleged  integrity  and  innocence  on  the  other.  You  have  had 
so  much  assistance  from  the  learned  counsel  on  both  sides:  and  I  do  not  know  any 
better  way  of  arriving  at  the  truth  than  having  the  facts  put  before  you  in  a  most 
able  manner  by  each  person  on  his  own  side.  There  is  no  more  useful  mode  of 
arriving  at  the  truth  than  that,  coupled  with  the  power  which  the  Court  has  of 
correcting  any  exaggerated  statement  of  facts,  which  counsel  rarely  do,  for  it  would 
only  prejudice  their  case.  I  say  I  know  of  no  better  mode  of  arriving  at  the  truth  ; 
and  it  will  be  my  duty  to  make  only  a  few  observations  after  all  you  have  heard  on 
this  particular  part  of  the  case. — And  after  reading  over  the  evidence  of  Stott  as  to 
his  alleged  working  from  Dr.  Carpenter's  book,  and  discovery  of  Weston's  system 
antecedently  to  the  patent,  and  the  evidence  as  to  the  proceedings  of  Stott  at 
the  interview  in  18G1  with  Lampen,  continued  thus: — Then  you  have  the  fact 
of  his  afterwards  ordering  a  patent  pulley  there,  of  his  afterwards  exhibiting  that 
pulley  as  Weston's  Patent  Pulley,  not  exhibiting  one  of  his  own  with  it,  which  might 
have  been  contrasted  with  it  and  exhibited  with  it ;  and  you  find  him  afterwards, 
long  after  the  date  of  the  patent,  in  fact  very  near  the  matter  in  question  in  the 
cause,  visiting  Birmingham,  and  representing  himself  as  a  person  desiring  to  see 
curious  and  interesting  objects  at  Birmingham;  going  to  Messrs.  Tangye's  manu- 
factory, obtaining  the  address  of  manufacturers  of  Tangye's  chains,  going  to  Tangye's 
manufacturer,  and  asking  him  to  furnish  a  chain  for  a  pulley.  All  these  things  you 
will  balance,  and  judge  how  far  they  are  consistent  or  not  with  his  having  invented 
this  pulley,  D,  which  seems  to  be  identical  with  the  pulley  of  the  plaintiff. 

His  Honour  then  called  the  attention  of  the  jury  to  the  evidence  which  had  been 
given  by  Hardcastle,  Gill,  and  Hartley,  commenting  strongly  upon  certain  portions, 
and  then  referred  to  Farrall,  who,  he  said,  broadly  charged  Stott,  Hardcastle,  and 
Gill,  distinctly  with  fraud.  He  charged  them  with  agreeing  to  make  a  fraudulent 
entry  in  the  books  of  Stott — charged  them  with  having  dealt  and  tampered  with  a 
book  of  Crabtree's  with  the  purpose  of  affecting  the  entries  in  Stott's  books.  The 
importance  about  the  entries  was  this,  that  having  lost  Hartley's  receipt,  and  having 
nothing  of  Hartley's  to  go  to,  who  kept  no  books,  and  having  only  Stott's  books,  the 
integrity  of  Stott's  books  becomes  a  matter  of  strong  importance  in  the  case.  Then 
that  integrity  of  the  books  was  impeached  by  the  plaintiffs.  The  jury  would  have 
them  to  look  at,  and  examine  as  they  might  think  fit.  He  would  make  no  observa- 
tion on  them. 

As  regarded  Farrall,  his  Honour  said  he  should  waste  lime  if  he  said  that  a  jury 
would  give  the  slightest  weight  to  a  man  placed  in  his  unfortunate  position,  when 
he  was  not  corroborated  by  circumstances.  It  was  for  them  to  consider  whether 
circumstances  did  corroborate  him;  for  if  not  the  man's  evidence  was  worthless. 
He  would  not  venture  to  offer  them  any  observations  upon  it.  They  had  seen  the 
demeanour  of  the  witness,  and  he  offered  no  observation  on  that.  They  had  also 
heard  Collie's  testimony.  His  Honour  did  not  find  any  trace  of  a  suggestion  to 
impeach  Collie.  There  was  a  vague,  indefinite  suggestion  about  Gill  and  the  £20, 
as  if  the  Tangyes  had  been  dealing  with  Collie  in  the  same  way.  Every  one  of  the 
Messrs.  Tangye  had  been  called.  Mr.  Price,  their  partner,  the  only  other  plaintiff, 
had  not  h  en  put  into  the  box  because  they  had  been  told  he  was  ill  in  bed.  Mr. 
Neale,  the  solicitor's  clerk,  had  been  put  in  the  witness-box,  and  he  (his  Honour) 
did  not  think  there  was  a  tittle  of  evidence  to  connect  them  with  any  improper 
tampering  on  the  plaintiffs'  part  either  upon  Collie  or  Farrall.  It  appeared  to  him, 
therefore,  that  as  far  as  Collie  was  concerned,  his  statement  did  not  seem  to  have 
been  prejudiced  by  cross-examination  or  anything  else  that  had  taken  place  in  the 
cause.  Of  course,  as  regarded  Farrall,  it  must  be  for  them  to  judge  which  of  his 
two  tales,  utterly  inconsistent  and  contradictory  to  each  other,  they  choosed  to  give 
weight  to.  As  regarded  circumstances,  the  allegation  of  the  fact  about  Crabtree's 
books,  and  Crabtrec  not  being  present  to  be  called,  after  Farrall's  remark  to  him 
— uDo  not  put  yourself  in  purgatory  any  further" — and  other  matters,  which  the 
Vicc-Chaneellor  specially  referred  to,  were  material  for  their  consideration.  That 
was  a  position  of  things  which  became  extremely  painful,  and  he  could  not  conceive 
any  duty  more  arduous  than  that  which  had  been  thrown  on  them,  of  determin- 
ing, on  the  one  hand,  whether  they  believed,  with  all  the  circumstances  of  the 
case— hearing  in  mind  all  that  had  been  observed  to  them  by  the  counsel  of  Stott's 
singular  conduct  in  buying  and  exhibiting  a  patent  article — making  the  inquiries 
about  the  model,  and  taking  the  curious  mode  of  getting  at  the  model — visiting 
the  manufactory,  and  not  giving  his  name  at  the  manufactory,  and  obtaining  the 
address  of  the  makers  of  the  chain  ;  whether  all  those  circumstances  were  consistent 
with  his  having  manufactured  the  identical  article  now  produced,  or  whether  Hartley 
had  wilfully,  or  by  some  mistake  which  it  was  most  difficult  to  impute  to  him — 
Hartley  not  being  charged  with  conspiracy  by  Farrall — whether  Hartley  bad  been 
deluded  into  speaking  to  this  as  being  the  identical  article  that  he  purchased. 
Certainly,  there  wis  the  hare  possibility  of  Hartley  mistaking  the  thing  which  he 
sent  to  be  repaired  two  or  three  years  ago,  with  the  thing  now  produced  in  court. 
That  was  for  them  to  consider.  It  did  not  seem  probable  that  the  man  could  make 
such  a  mistake. 

On  the  question  of  rust  on  Hartley's  pulley  his  Honour  remarked — Certainly,  in 
any  other  case  than  this,  I  should  have  thought  that  a  very  idle  inquiry;  but  in 
such  a  case  as  this,  we  are  obliged  to  weigh  all  the  minutest  points  that  arise  on 
the  evidence.  You  have  it  from  Dr.  Odling  that  chlorine  is  there,  that  chlorine  is 
a  substance  that  cannot  be  produced  except  by  the  action  of  salt :  salt  is  the  most 
common  article  containing  chlorine  that  can  bo  suggested.     Of  course,  a  dishonest 


person  might  pour  any  sort  of  chloric  acid  he  liked  on  the  article;  but  common 
salt  being  the  common  mode  of  arriving  at  chlorine,  he  says  you  cannot  get  such 
rust  as  I  analyzed  without  having  some  distinct  trace  of  chlorine  in  it,  without  its 
having  had  some  distinct  article  containing  chlorine.  Very  properly,  he  says,  I  do 
not  say  what  it  was;  but,  he  says,  I  do  say  this,  that  exposure  to  atmospheric  air 
would  not  produce  it;  exposure  to  atmospheric  air  in  a  manufacturing  town  would 
not  produce  it;  exposure  to  lime  would  not  produce  it:  it  would  be  rather  the 
reverse,  for  he  was  cross-examined  on  that;  and  there  is  this  importance  in  the 
evidence  of  Dr.  Odling,  which  you  will  consider,  namely,  that  Mr.  Grove  some  days 
ago  opened  the  case  and  announced  what  he  was  going  to  prove,  and  was  going  to 
prove  why  it  was  artificial  rust.  Therefore,  the  defendant  ought  to  have  come  pre- 
pared with  any  explanation  that  he  might  have  to  offer  with  regard  to  this  substance 
being  there.  But  the  course  which  the  defendant  took  was  this: — He  called  in 
another  chemical  professor,  an  analytical  chemist  of  eminence,  and  that  gentleman, 
unfortunately,  from  his  instructions,  not  in  the  least  from  any  fault  of  his,  did  not 
look  for  chlorine.  I  can  easily  see  how  the  thing  might  happen,  but  it  is  odd  that 
the  attention  of  the  legal  advisers  should  not  be  directed  more  completely  to  the 
point.  They  say,  on  the  other  side,  it  was  nothing  but  atmospheric  air,  and  we 
ask  you  to  look  in  the  rust  for  those  ingredients  of  atmospheric  air.  Then  he 
looked  for  ammonia,  and  found  it.  The  other  side  say,  there  is  a  badge  of  fraud 
there — there  is  chlorine.  Unluckily  he  is  not  asked  to  look  for  it,  and  he  used 
that  which  would  have  driven  it  all  away  if  it  had  been  there — nitric  acid;  and, 
after  it  had  been  partially  driven  away,  he  said  he  found  a  very  faint  trace  of 
chlorine.  I  should  be  sorry  myself  if  property  were  to  depend  on  such  nice  distinc- 
tions, except  it  might  be  in  a  case  where  evidence  is  nicely  balanced,  and  then  you 
look  for  every  little  ingredient.  If  you  think  it  clear  from  Stott's  conduct,  that  the 
statement  he  has  made  is  so  inconsistent  with  his  being  the  inventor  that  Hartley 
must  be  either  perjured  or  mistaken  as  not  to  be  believed ;  or  if  you  believe,  on  the 
other  hand,  that  Hartley's  character  is  so  unimpeached  as  to  cany  the  case  against 
such  improbabilities  which  Stott's  own  conduct  offers,  then  it  may  be  time  for  you 
to  consider  all  these  nicer  facts.  The  two  broad  points,  if  I  may  be  excused  for  the 
suggestion,  are  these — the  conduct  of  Stott,  and  how  far  that  is  consistent  with  the 
possibility  of  the  invention  which  he  describes,  on  the  one  hand;  and  the  character 
and  position  of  Hartley,  and  the  positiveness  with  which  he  swears  to  that  thing 
which  was  out  of  his  possession  only  for  a  short  interval  of  time.  You  have  had 
it  before  you,  gentlemen,  and  seen  it  with  your  own  eyes,  and  you  will  have  it  again. 
You  will  look  at  the  pulley.  There  was  some  important  evidence  given  by  a  gentle- 
man from  Mr.  Penn's  establishment.  He  produced  a  pulley  which  had  been  used 
for  six  weeks.  It  had  been  used,  he  said,  perhaps  twenty  times  a  day;  it  had  been 
employed  in  raising  weights  from  half  a  ton  to  something  more ;  and  that  being  the 
state  of  its  user,  you  saw  how  it  was  used,  and  to  what  extent.  Hartley  tells  you 
that  this  thing  was  used  by  him  at  the  two  places  he  has  mentioned — the  school, 
and  some  other  institution  he  mentioned ;  that  he  had  it  in  frequent  and  constant 
use  besides;  because,  he  says,  whenever  my  workmen  chose  they  would  take  it  out. 
I  cannot  fix  more  places  than  two,  but  I  know  it  was  used  elsewhere,  in  this  sense, 
that  it  left  my  yard;  the  workmen  took  it  out  whenever  they  liked;  the  men  come 
and  go;  he  does  not  put  their  names  down  in  a  book;  he  never  sees  any  more  of 
them  if  they  do  not  come  for  a  second  job ;  he,  therefore,  cannot  assist  us  with 
names;  he  has  no  dates  to  go  by,  except  looking  at  the  date  of  the  contract;  that 
makes  him  positive  about  the  dates ;  and  then  it  is  for  you  to  consider  whether  the 
degree  of  use  he  assigns  to  it,  which  is  very  considerable,  it  having  been  let  out  to 
all  these  places — whether  that  use  is  inconsistent  with  the  state  in  which  the 
thing  is  seen.  Gentlemen,  I  leave  this  painful  case  entirely  in  your  hands,  desir- 
ing you  in  all  respects  to  bear  in  mind  what  I  am  sure  you  need  hardly  require 
me  to  tell  you,  that  in  a  case  of  so  contradictory  a  character,  what  is  more  even 
than  the  weight  of  character — more  even  than  the  weight  of  demeanour — the  weight 
of  facts.  Whatever  facts  you  can  arrive  at  in  this  case  which  seem  to  you  to  be 
inconsistent  with  what  the  witnesses  have  deposed  to,  in  a  case  of  this  contradictory 
character  you  must  give  far  greater  weight  to  the  ascertained  facts  which  are  agreed 
to  in  this  case,  than  the  testimony  of  any  witnesses,  however  unimpeachable. 
Having  made  that  last  observation,  I  leave  the  case  entirely  in  your  hands.  I  am 
only  sorry  you  should  have  been  troubled  with  this  painful  inquiry. 

The  Foreman — Will  your  Honour  be  good  enough  to  give  us  what  the  issues  are? 

The  Vice-Chancellor — The  first  is — Was  Weston  the  true  inventor?  If  you  find 
it  to  be  novel,  you  will  find  him  to  be  the  inventor;  if  not  novel,  you  will  find 
against  him  on  that.  The  second  is  the  important  one — Was  the  invention  new 
within  the  United  Kingdom  of  Great  Britain  and  Ireland  at  the  date  of  the  patent? 
If  you  find  it  was  new,  you  will  find  him  to  be  the  true  inventor;  if  you  find  it  was 
not  new,  you  will  find  him  not  to  be  the  true  inventor.  Then  there  is  a  third  thing 
which  in  form  you  must  find — Did  the  specification,  filed  in  pursuance  of  the  letters 
patent,  particularly  describe  and  ascertain  the  nature  of  the  invention,  and  in  what 
manner  the  same  was  to  be  performed?  I  have  not  heard  a  suggestion  against 
that  fact  beyond  this,  that  it  is  called  an  ordinary  chain,  and  it  took  a  month  or 
two's  trial  to  get  a  good  chain  made.  On  that  part  of  the  case  I  cannot  have  any 
hesitation  in  saying  you  will  not  find  any  difficulty  on  that.  You  had  witness  after 
witness,  and  Mr.  Carpmael,  who  says  you  may  make  the  article  from  Dr.  Carpen- 
ter's book.  If  you  can  make  it  from  Dr.  Carpenter's  book,  you  will  have  no  diffi- 
culty in  finding  that  you  can  make  it  from  the  drawing  and  specification.  It  must 
be  an  extraordinary  good  ordinary  chain,  that  is  what  they  call  the  oval  chain, 
but  a  good  article.  The  last  is — Whether  he  has  infringed?  The  infringement  is 
without  doubt  if  the  patent  is  new. 

The  jury  retired,  and  after  a  deliberation  of  about  twenty-five  minutes,  returned 
into  court  and  found  a  verdict  for  the  plaintiffs  on  all  the  issues. 

The  judge  granted  the  usual  certificate  that  the  validity  of  the  letters  patent 
came  in  question,  and  directed  certain  of  the  pulleys  which  hud  been  produced  as 
evidence  in  the  case,  including  exhibit  D,  to  be  retained  by  the  registrar. 
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REVIEWS    OF    NEW    BOOKS. 


1.  AbHANDLUNGEN  UDETJ  DIE  MECIIANISCIIE  Wakmtiieorie.  Von 
R.  Clausius.      8vo.      Wiewig  und  Sohn,  Braunschweig.      18G4. 

2.  GrUNDZUGE  DER  MeCHANISCHEN  WaRMTHEORIE,  MIT  ANWEKF- 
DUNGEN  AUF  DIE  DER  WaRMLHIIRE  ANGEHORIGKN  TIIE1LE  DER 
MaSCHINENLLHRE,   INBESONDERE   AUF  DIE   THEORIE   DER   CALOR- 

isciien  JJaschinen  und  Dampfmaschinen.     Von  Dr.  Gustav 
Zeuner,  Professor  zu  Zurich,  &c.     8vo.     Felix,  Leipzig.      18G5. 

3.  Theorie  Mecanique  de  la  Chaleur,  Exposition  Analytique 
et  Experimemtale.  Par  G.  A.  Hirn.  Edition  second.  8vo. 
Gauthier  Villars,  Paris.      1865. 

4.  On  Heat  considered  as  a  Mode  of  Motion  ;  being  Lectures 
delivered  at  the  Royal  Institution,  London.  8vo.  Long- 
mans &  Co.  (This  work  has  been  translated  into  French  by  L'Abbe 
Moigno,  Paris.) 

Whosoever  in  England,  -whether  moving  in  the  serene  atmosphere  of 
the  professorial  world  of  physics,  or  in  the  go  ahead  region  of  mechani- 
cal engineering  in  practice,  that  wishes  to  find  at  one  view,  and  in  a 
settled  and  digested  form,  what  has  been  the  past  progress  in  England 
and  abroad  of  the  mechanical  theory  of  heat  and  of  its  applications,  and 
to  know  exactly  the  most  recent  advances  made  in  the  investigation  of 
this,  we  may  say  foremost  advanced  post  of  physics,  had  best  read  the 
above  works,  or  at  any  rate  one  or  other  of  the  first-named,  together 
with  Hirn's,  the  third  on  the  list. 

Curiously  enough,  the  first  three  works  have  as  yet  only  advanced  to 
the  publication  of  Part  I.,  and  besides  being  incomplete,  have  the  incon- 
venience of  being  as  yet  without  indices.  Clausius  and  Zeuner  both 
hail  from  Zurich,  a  strangely  unlikely  spot  of  Europe,  one  would  have 
thought,  whence  to  find  some  of  its  most  advanced  philosophical  views. 
Clausius'  name  has  so  far  been  better  known  in  England  than  that  of 
Zeuner,  through  frequent  reference  made  by  Dr.  Rankine  to  his  anterior 
investigations  and  papers ;  as,  on  the  other  hand,  Rankine  and  Wm. 
Thomson's  names  are  best  known  abroad  through  the  references  of  these 
authors  to  their  published  papers.  Both  these  works  are  purely  theoreti- 
cal. Each  is  preceded  by  a  brief  history  of  the  gradual  letting  in  of  light 
after  light,  from  the  days  of  Rtimford  and  Davy  to  those  of  Carnot, 
Mayer,  and  Joule,  and  ending  with  a  consistent  theory  of  heat  as  a 
mode  of  motion,  the  nature  of  which  is  set  forth  with  exactness  and 
generality.  Its  applications  to  the  theory  of  the  steam  engine,  and, 
indeed,  of  all  heat  machines,  air  engines,  &c,  &c  ,  are  then  given. 
These  subjects  are,  however,  treated  with  considerable  difference  of 
method  by  each  of  these  authors ;  the  one  work  can  he  by  no  means 
viewed  as  a  counterpart  of  the  other.  Indeed,  Clausius'  work,  with 
more  brevity  in  each  particular,  carries  the  subject  further  than,  so  far, 
Zeuner  has  done  ;  the  last  chapter  of  the  former  treating  "  of  the  Con- 
centration of  the  Rays  of  Heat  and  Light  and  of  the  limits  of  their 
operation."  The  work  of  Hirn  is  partly  experimental,  but  mainly 
theoretic,  and  embraces  in  the  five  chapters  of  its  first  book,  the  transla- 
tion into  French  of  such  portions  of  Zeuner's  labours  that  the  reader, 
as  Hirn  says,  cannot  lose  anything  essential  of  these. 

It  would  be  impracticable,  and,  if  practicable  useless,  to  attempt  to 
give  any  extracts,  or  partial  view  of  the  subject  of  these  works,  which, 
to  be  understood  at  all,  must  be  begun  at  the  beginning  and  studied  as 
a  whole. 

To  the  merely  practical  mechanic  engaged  in  steam-engine  work,  or 
indeed  furnace  work  of  any  sort,  perhaps  the  matter  at  present  may 
stand  by,  as  too  immature  to  render  hirn  much  practical  service,  although 
the  day  will  come  when  it  will  be  much  otherwise.  As  yet,  nearly  all 
that  thermodynamics  can  do  will  be  greatly  to  clear  the  ideas  of  every 
one  who  shall  master  even  the  great  outlines  of  the  theory,  as  to  all 
that  passes  not  only  in  the  production  and  transfer  of  steam  power, 
but  as  to  the  whole  range  of  technology  wdierever  temperature  is  con- 
cerned, and,  indeed,  as  to  the  working  of  whole  cosmical  machine. 

Except  isolated  memoirs,  nothing  systematic  has  been  as  yet  published 
in  English  on  the  subject,  except  the  brilliant  and  most  luminous  and 
exact  popular  view  of  it  given  by  Professor  Tyndall  in  his  work  on  "Heat 
as  a  Mode  of  .Motion,"  which  ends  our  list,  and  which  is  undoubtedly  the 
best  introduction  to  the  subject  to  which  the  British  mechanical  engineer 
can  apply  himself;  and  excepting,  also,  those  portions  of  Professor 
Rankine's  work  on  the  steam  engine  in  which  he  has  developed  the 


branch  of  the  subject  which  refers  to  the  steam  engine,  &c.  It  is 
much  to  be  desired  that  Dr.  Rankine  would  give  to  the  English  reader  a 
general  treatise  on  this  sid  ject,  as  complete  and  as  condensed  as  possible, 
and  (let  us  add  in  the  interest  of  the  practical  man)  with  as  much  mathe- 
matical simplicity  as  possible.  To  a  large  proportion  of  our  readers  the 
works  (except  the  last)  at  the  head  of  this  article  are  sealed  books,  both 
on  the  score  of  mathematical  treatment,  and  on  that  of  the  language  in 
which  this  is  conveyed.  —  Ed. 


Tables  of  Tangential  Angles  and  Multiples  for  Setting  out 
Curves  (of  Railways,  &c),  from  5  to  200  (units)  Radius. 
By  Alexander  Beazeley,  Mem.  Inst.  C.E.  Lockwood,  London. 
1865. 

This  constitutes  a  very  acceptable  addition  to  the  outfit  for  the  field  of 
the  railway  surveyor. 

The  method  of  setting  out  circular  curves  upon  which  these  tables 
are  based,  is  that  which  Professor  Rankine  invented  and  brought  before 
the  Institution  of  Civil  Engineers  in  1843.  (Minutes  of  Proceedings, 
vol.  ii.,  p.  108.)  The  method,  which  is  much  employed,  and  charac- 
terized by  its  simplicity,  and  therefore  by  its  exactness,  may  be  briefly 
given  thus : — 

Let  R  =  the  radius  of  the  curve  given, 

A  =  the  angle  at  the  intersection  of  tangents  to  the  extremities 

of  the  curve  or  part  of  the  curve, 
B  =  the  corresponding  angle  of  the  centre, 
C  =  the  tangeutial  angle  in  degrees  and  minutes  for  each  chord 
of  same  denomination  with  radius, 


x  =  —  in  minutes  : 
2 


Then   C 


1718-87338734 


and 


The  length  of  either  tangent  ==  nat.  tan.  —  R  ; 


The  length  of  the  curve 
The  number  of  chords  = 


=  -000582  R  (5400  —  x)  ; 
5400  —  x 


O 


Those  who  are  not  already  acquainted  with  the  method  should  con- 
sult Professor  Rankine's  "  Elements  of  Civil  Engineering,"  where  it  is 
fully  described,  along  with  several  other  methods  also,  more  or  less 
in  use. 

Tables  of  these  tangent  angles  have  been  already  published  in  book 
form.  The  improvement  and  novelty  here  is  that  they  are  printed  fur 
each  radius  on  a  small  card  of  about  3  inches  by  1|  inch,  which  can 
be  readily  set  up  by  an  india-rubber  ring  or  other  convenient  method, 
upon  the  legs  or  frame  of  the  theodolite,  so  that  the  surveyor  has  no 
fumbling  with  leaves,  has  both  hands  free,  and  his  figures  constantly 
before  him. 

The  whole  set  of  tables,  descriptive  preface  inclusive,  fits  into  a  little 
stiff  case  of  3  X  1|  X  1J,  for  the  pocket.  It  is  an  excellent  notion,  and 
might  perhaps,  with  like  advantage,  be  extended  to  a  few  other  tables 
that  have  to  be  employed  in  the  field.  It  would  be  an  improvement 
also  to  print  these  on  cards  of  Delarue's  artificial  parchment,  or  to 
saturate  the  common  cards  with  paraffiue,  or  in  any  other  way  make 
them  waterproof. 

One  problem  relative  to  railway  curves,  still  remains  to  reward  any 
one  who  will  devise  a  good  and  simple  method  of  setting  out  with 
exactness  the  elastic  curve  (as  the  best  possible  for  railway  purposes), 
either  in  lieu  of  circular  curves  altogether,  or  in  substitution  of  the 
extremities  for  a  given  length,  of  circular  curves  previously  set  out  as 
first  approximations. — Ed. 


Axnales  du  Conservatoire   Imperial  des  Arts  et  Metiers 
pouk  1865.     Noblet  et  Bandry,  Paris. 

In  the  July  part  of  this  ably  conducted  journal  of  progress  is  contained 
the  highly  interesting  experimental  and  theoretic  memoir  of  M.  Tresca, 
the  sub-director  of  the  Consenatoire,  upon  the  flow  through  apertures 
of  solid  bodies  (as  usually  so  called)  under  hydrostatic  pressure.  These 
experiments  fully  establish  the  saying  of  Leibnitz,  that  in  nature  there 
are  no  abrupt  changes. 

Solids  the  most  rigid  with  which  we  are  acquainted  would,  under 
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sufficient  and  continued  hydrostatic  pressure,  conduct  themselves  as 
liquids.  This  is  here  experimentally  shown  of  solids  as  rigid  as  lead  at 
the  ordinary  temperature;  stiffly-tempered  pottery  clays  conduct  them- 
selves thus. 

The  general  fact  that  lead  and  tin  could  be  squeezed  into  new  forms 
under  severe  pressure,  without  breach  of  continuity,  was  indeed  long 
known.  It  had  been  proved  for  lead  in  the  manufacture  of  lead  pipes 
as  long  ago  as  by  Joseph  Bramah,  whose  process  is  now  employed  so 
largely  for  forcing  out  of  a  cylinder  of  lead  (heated,  however,  to  save 
power)  of  10  inches  or  so  diameter,  continuous  rods  of  the  small  diameter 
of  the  Minie  bullet,  at  Woolwich  and  elsewhere.  It  was  also  known  for 
tin  since  the  days  of  Rand's  patent  collapsible  vessels,  in  which  paints 
and  perfumes,  &c,  are  now  sold ;  and  of  Bett's  patent  capsules,  made 
by  a  like  process.  And  the  extreme  case  as  respects  rigidity  has 
been  proved  masterable  more  recently,  in  the  drawing  of  steel  seamless 
lubes  for  gun  barrels  and  other  purposes.  Ill  all  these  the  facts  of 
ductility,  or  squeezability,  to  coin  a  word,  were  known ;  but  how  the 
internal  particles  of  the  metals  comported  themselves  was  not  ascer- 
tained. This  was  reserved  for  M.  Tresca,  whose  labours  have  proved 
that  the  impressed  movements  analogize  perfectly  with  those  of  liquids. 
When,  for  example,  lead  is  forced  from  the  large  cylinder  through  the 
conical  die  into  the  small  bullet  rod,  the  rod  is  formed  of  concentric 
(imaginary)  cylindric  couches,  which  have  flowed  from  the  respective 
couches  of  the  large  cylinder  exactly  as  if  it  had  been  a  jet  of  Water 
flowing  from  an  adjutage  in  the  bottom  of  a  cylindrical  cistern  of  water. 
M.  Tresca  has  deduced  empirical  formula?  from  his  experiments,  and 
upon  certain  hypotheses  enunciated  a  theory  of  the  intermolecular  move- 
ments. He  applies  the  results  to  several  interesting  questions  in 
relation  to  geology,  vegetable  physiology,  &c. 

This  part  also  contains  the  valuable  report  of  General  Mprin  on  the 
heating  and  ventilation  of  the  hospitals  of  Paris,  prepared  for  the 
French  Government  Commission,  in  accordance  with  the  imperial 
decree  of  29th  August,  1802. 

There  are  also  two  other  papers  of  more  than  usual  interest.  One 
is  by  M.  Payen,  upon  the  application  of  a  sort  ot  gigantic  blowpipe- 
flame  to  the  disaggregation  of  rocks,  in  place  of  blasting. 

In  the  pages  of  the  Practical  Mechanic's  Journal,  a  year  or  two  ago, 
we  gave  some  account  of  the  proposed  French  method  of  superficial 
charring  of  timber  by  means  of  a  gas  blowpipe-flame,  in  order  to 
prevent  decay,  &c.  M.  Hugon  has  since  substituted  a  small  furnace, 
closed  except  at  one  side,  fed  with  coke  or  coal,  and  urged  by  an  air 
blast,  as  a  means  of  supplying  a  flame  as  powerful  and  cheaper  than  that 
of  the  coal-gas  blowpipe  for  the  purpose,  as  devised  by  M.  Lapparent. 
The  furnace  is  very  much  of  the  sort  that  was  tried  some  years  ago  at 
Woolwich  dockyard  for  welding  the  seams  of  iron  ships,  boilers,  &c. 
M.  Hugon  now  proposes  to  employ  his  coal-furnace  blowpipe  as  a 
means  of  suddenly  and  partially  heating  rock  faces,  so  as  to  cause  them 
to  split  oft  by  unequal  expansion,  and  so  do  on  them  the  work  of 
gunpowder.  The  idea  of  rock-splitting  by  fire  is  very  old,  older  than 
the  days  of  Agricola's  work,  "  De  Re  Metallica,"  published  in  1563,  or 
earlier  :  in  fact,  there  is  every  reason  to  suppose  it  was  practised  by 
ancient  Greeks  and  by  the  Romans ;  and  to  the  present  day  it  is  in  use, 
and  found  to  be  the  cheapest  method  of  working  a  great  silver  mine  in 
Saxony.  There,  simply  a  great  heap  of  faggots — adroitly  laid  against 
the  rock  so  as  to  permit  air  currents  through  the  wood — is  fired,  and 
after  an  hour  or  more  the  rock  is  heard  splitting  and  coming  down  in 
thundering  masses. 

M.  Hugon's  instrument  will,  we  make  no  doubt,  be  found  efficacious, 
and  probably  under  some  conditions,  economical ;  and  we  imagine  that 
in  difficultly  accessible,  wild,  afforested  mining  countries  it  might  be 
made,  with  wood  fuel,  a  valuable  substitute  for  gunpowder  and  jumpers 
in  the  miner's  hands. 

The  other  memoir  to  which  we  have  referred  is  by  M.  Tresca,  giving 
an  account  of  a  series  of  experiments  made  by  him  at  the  Conservatoire 
with  the  double  fan  of  M.  Perrigault ;  that  is  to  say,  with  a  fan  realizing 
the  old  idea  of  the  air  driven  out  from  one  fan  supplying  that  to  be 
passed  through  a  second  at  a  higher  velocity  or  not.  It  has  been 
proved  that  such  fans  can  supply  a  blast  capable  of  supporting  a  column 
of  water  in  the  gauge  of  04  metres  of  water,  which  is  greatly  above 
the  power  of  common  fans  to  produce,  even  when  driven  at  a  dangerous 
velocity,  as  in  the  case  of  the  Patent  Fan,  which  quite  recently  flew  to 
pieces  and  killed  one  or  more  persons  in  the  north  of  England. 

Vi  e  have  in  England  no  periodical  that  corresponds  to  this  well- 


conducted  Annates ;  nor,  indeed,  any  institution  really  parallel  to  the 
Conservatoire.  It  would  be  well  if  some  of  the  money  wasted  at  South 
Kensington  were  applied  in  the  formation  and  conduct  (under  different 
management,  as  we  would  hope)  of  such  a  college  of  directly  practical 
experimental  exposition  and  research  in  Great  Britain. 


Traite  Pratique  de  l'Entretien  et  de  sexploitation  des 
Chemins  de  Fer,  a  i.'usage  des  Ingenieurs,  des  Agents,  des 
constructeurs  de  materiel,  &c.  par  charles  goschler, 
Ingenieur  aux  Chemins  de  Fer  d'Alsace,  &c,  &c  2  vols.,  8vo. 
Noblet  et  Baudry,  Paris.      1865. 

Tins  is  a  very  admirable  work  which  has  just  made  its  appearance  at 
Paris — one  to  which  we  have  no  analogue  in  English.  It  does  not 
deal  with  the  subject  of  railway  making  or  construction  proper.  It 
takes  the  railway  as  already  made,  and  it  deals  with  all  that  belongs 
to  its  maintenance  and  working.  These  subjects  it  treats  in  a 
thoroughly  systematic  and  fundamental  style,  describing,  upon  every 
point  of  the  subject,  each  known  and  established  form  of  construc- 
tion, and  then  discussing  briefly  and  practically  the  reasons  why  it  is 
better  or  worse,  and  in  each  instance  deciding  and  describing  how,  in 
the  given  conditionsof  construction  or  of  traffic,  &c,  the  best  may  be 
made  of  it,  and  the  line,  quoad  that  special  point,  worked  to  the  best 
advantage  in  economy,  safety,  &c,  &c.  The  work  is  in  two  thick  oetavo 
volumes,  with  a  great  many  woodcuts  (such  woodcuts  as  Paris  pub- 
lishers, or  some  German  ones,  only  now  turn  out  in  their  technical  works, 
and  far  beyond  our  English  cuts  in  clearness  and  beauty),  and  is  divided 
into  four  main  parts,  viz.: — 1,  The  service  of  the  line;  2,  The  plant 
(rolling  stock  and  other)  and  the  haulage  ;  3,  The  working  of  the  line  ; 
4,  The  administration,  i.e.,  the  staff — the  whole  being  about  1300  pages. 
Some  notion  of  the  work  may  best  be  given  by  the  heads  of  the 
chapters. 

The  Introduction  deals  generally  with  the  projecting  and  choice  of 
lines,  avoiding  engineering  or  geodetic  considerations.  Then  we  have 
Chap.  I.,  Earthworks.  Chap.  II.,  Constructions  of  all  sorts  on  the 
line.  Chap.  III.,  The  cultivation  {cultures)  of  the  slopes,  &c,  and 
fences,  including  gates,  level  crossings,  &c,  &c.  Chap.  IV.,  Materials 
of  the  way — a  first-rate  chapter — treating  separately  of  ballast,  rails, 
chairs  and  supports,  fastenings,  &c,  &c.  Chap.  V.,  Preparation, 
laying,  and  maintenance  of  way  ;  and  concluding  the  first  part  with  an 
annexe,  or  appendix,  of  various  data — prices,  clearing  of  snow,  and  a 
vast  deal  more  of  a  useful  nature. 

Part  II.  begins  with  Chap.  VI.,  Apparatus  connected  with  the  per- 
manent way,  points  and  crossings,  turn-tables,  level  crossings,  &c,  and 
winter  maintenance  of  all  these.  Chap.  VII.,  Accessories  of  the  way, 
such  as  signals,  goods  sheds,  cranes,  amongst  which  is  given  a  description 
of  the  hydraulic  lifts  as  used  at  the  docks  of  Marseilles,  which  are  now 
in  direct  connection  with  the  railways  to  Lyons,  &c;  water  supply  and 
cranes,  and  weigh  bridges,  with  indicators  of  various  sorts,  as  for  mile- 
age, gradients,  stoppages,  &o.,  &c,  with  occasional  signals.  Chap. 
VIII.,  Stations — an  admirable  chapter,  in  which  the  necessary  and 
proper  wants  and  requirements  of  each  class  of  stations — terminal, 
lateral,  small,  &c. — are  considered ;  then  the  buildings,  their  best  con- 
struction, and  then  how  they  should  be  managed,  including  all  the 
business  of  the  stationmaster,  &c.  Chap.  IX.,  Organization  of  the 
service  staff  of  the  way — all  grades  and  sorts — from  the  resident 
engineer  and  manager,  down  to  the  milesman  and  porter.  Chap.  X., 
The  carrying  on  the  working  of  the  line,  including  in  this  the  budget, 
or,  as  we  say,  the  receipts  and  expenditure,  and  half-yearly  accounts ; 
and  lastly,  the  system  of  accounts,  both  as  regards  money  and  materials, 
including  in  the  latter  repairs. 

This  finishes  the  systematic  part,  so  to  say,  of  the  work ;  but.  a 
supplement  follows,  in  which  several  questions  as  to  continuous  iron 
way,  iron  sleepers,  and  Lapparent's  process  of  charring  the  sleepers, 
are  discussed.  Lastly,  Part  II.  finishes  also  with  an  appendix,  com- 
prising a  great  number  of  useful  skeleton  forms  for  various  returns, 
accounts,  &c,  relative  to  the  personelle  and  working  of  the  line — in  fact, 
a  small  library  of  cut  and  dry  information  for  the  railway  manager; 
and  treating  also  of  the  periodical  reports  to  Directory,  and  from  subor- 
dinates to  heads  of  departments,  along  with  the  definitions  of  the  duties 
and  responsibilities  of  the  various  railway  officers  and  servants. 

The  whole  work  may  be  said  to  be  a  great  course  of  staff  college 
instruction  for  all  concerned  with  railways  or  railway  management. 
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An  English  edition,  with  such  modifications,  in  the  form  of  a  continu- 
ous set  of  footnotes  or  commentaries,  as  would  adapt  the  whole  to  our 
English  system,  and  especially  if  produced  hy  a  man  thoroughly  up  to 
the  American  methods  and  management,  would  form  a  noble  addition 
to  our  Euglish  railway  literature. — Ed. 


CORRESPONDENCE. 


We  do  not  hold  ourselves  responsible  f»r  the  views  or  statements  of  our 
Correspondents. 


RECENT  IMPROVEMENTS  IN  TUNNELLING.— HISTORY  OF  THE 
MONT  CENIS  APPARATUS. 

(To  the  Editor  of  the  Practical  Mechanic's  Journal.') 

Monsieur, — En  faisant  dans  votre  remarquable  article  sur  la  percee  du  Mont 
Cenis  l'histoire  des  machines  qu'on  a  employees  pour  vaincre  des  difficulties  extva- 
ordinaires,  vouz  avez  public  un  extrait  d'une  petition  que,  dans  le  1857,  j'ai 
pre"sente>  an  gouvernement  Piemontais  pour  revendiquer a  moi  le  droit  de  priority, 
soit  d'invention  que  de  proposition  au  gouvernement  Sardc,  du  complexe  des  appureils 
par  lequel  on  ailait  alors  entreprendre  la  perforation  des  Alpes. 

En  vous  remerciant  de  cela,  je  regrette  que  vous  n'uyez  pas  eu  connnissance  des 
autres  documents  que  j'ai  publie's  eu  Italie,  avant  et  apres  la  pre'sentation  au  Parle- 
ment  Piemontais  de  la  pe'tition  que  vous  avez  mentionnee ;  car,  si  cela  eut  ete,  vous 
aariez  pu  fournir  a  vos  lecteurs  des  plus  amples  informations.  Ces  documents  sont 
n  imbreux,  et  ci-joint  je  vous  envoie  une  copie  du  dernier  memoire  que  j'ai  publie 
i'annee  passee  dans  le  vol  xxiii.  du  Polite •crricoi  dans  lequel  sont  resumees  presque 
toutes  les  publications  que  j'ai  faites  antecedemment. 

Permettez-moi,  Monsieur,  de  vous  donner  ici  un  extrait  de  cc  memoire. 

Dans  le  184-1  le  gouvernement  Piemontais  fit  faire  les  Etudes  necessaires  pour 
voir  s'il  y  avait  la  possibilite'  de  percer  les  Alpes,  afin  de  relier  ses  chemins  de  fer 
avec  ceux  de  la  France  et  de  la  Suisse.  Ces  etudes  continuerent  quelques  anne'es, 
et  plusieurs  ingenieurs,  Italiens  et  etrangers,  y  ont  pris  part;  mais  aucun  n'a  pas 
pu  trouver  le  moyrn  de  resoudre  le  probleme,  parceque  tous  croyaient  qu'il  etait 
impossible  de  pratiquer  les  mines  dans  une  galcrie  de  plus  de  12,000  metres  de 
longueur  et  entierement  sans  puits. 

A  ce  temps-la  je  me  trouvais  en  Angleterre,  oil  je  faisais  des  experiences  sur 
l'application  de  l'air  comprime,  notamment  pour  la  locomotion  sur  les  chemins  de 
fer.  Quand  j'ai  su  qu'au  Ministere  Piemontais  on  avait  abandonne'  Tespoir  de 
trouver  le  moyen  de  pratiquer  la  gigantesque  perforation  de  la  chaine  des  Alpes,  alors 
je  me  suis  occupe  a  mon  tour  de  la  solution  du  difficile  probleme. 

II  fallait  vaincre  des  difficultes  formidables,  et  en  consequence: — 

1.  Rendre  praticables  les  mines  dans  une  galeiie  d'une  longueur  immense  et  sans 
puits,  et  prodnire  en  elle  une  bonne  ventilation. 

2.  Executer  les  mines  avec  une  grande  cele'rite,  afin  d'abre'ger  le  plus  possible  la 
duree  des  travaux,  car  autrement  il  aurait  fallu  pas  moins  de  quarante  ou  cinquante 
ana. 

3.  Empecher  Tele'vation  continuelle  de  la  temperature  du  souterrain,  laquelle, 
dans  le  milieu  du  tunnel,  pourrait  arriver  jusqua  50  degre*s  du  thennometre 
centigrade. 

4-   Deblayer  promptement  les  de'combres. 

Comme  on  voit,  il  s'agissait  de  trouver  tout  un  systeme  combine  de  moyens 
nouveaux  et  extraord  in  aires,  a  Ta'ide  duquel  pouvoir  triompher  de  difficultes  insur- 
montables  par  les  moyens  ordinaires. 

J'ai,  en  consequence : — 

1.  Imagine*  de  rendre  praticables  les  mines  (sans  lesquelles  je  ne  croyais  pas  pos- 
sible la  percee  des  Alpes),  moyennant  Introduction  dans  le  tunnel  d'une  masse 
tres-grande  d'air  comprime  et  envoye*e  par  un  tuyau  jusqua  Tendroit  des  travaux, 
afin  de  disperser  les  produits  de  l'explosion  de  la  poudre,  et  v  assainir  et  rafraichir 
l'air  ambiant. 

2.  J'ai  imaging  de  faire  les  trous  de  mine  par  des  machines,  et  de  faire  agir  ces 
machines  par  la  force  de  tension  de  l'air  comprime',  ported  dans  l'interieur  du  tunnel 
par  le  meme  tuyau  qn'y  conduirait  l'air  comprime  pour  la  ventilation. 

3.  J'ai  pense^  de  faire  eclater  les  mines,  en  grande  nombre  a  la  fois,  par  le  gal- 
vanisme. 

4.  Pour  le  transport  des  de'combres  et  des  materiaux  de  construction,  j'ai  songe  a 
la  propulsion  par  l'air  comprime. 

5.  Pour  avoir  facilement  et  economiquement  la  grande  quantite  d'air  comprime 
ne'cessaire,  soit  comme  moyen  de  ventilation  que  comme  force  motrice,  j'ai  eu  Tidee 
de  comprimer  l'air  moyennant  Taction  directe  de  Teau. 

6.  Et  en  dernier  lieu,  comme  presque  toute  la  ligne  du  chemin  de  fer  de  Suse  a. 
Modane  aurait  eu  des  pentes  tres- fortes,  et  d'ailleurs  ayant  presque  entierement  a  ses 
Bancs  une  immense  force  hydraulique,  j'ai  cru  qu'il  serait  convenable  d'exercer  le 
chemin  par  la  propulsion  a  air  comprime",  que  quelques  ans  avant  j'avais  expcri- 
mente'e  dans  l-.s  environs  de  Londres. 

De  tout  cela  j'ai  formule  un  projet  de  maxime,  dans  lequel  j'ai  donne  toutes  les 
indications  necessaires  pour  bien  comprendre  les  nouveaux  systemes  que  je  pro- 
posals; et,  afin  de  le  faire  examiner,  non  seuleinent  par  le  gouvernement,  mais  bien 
aussi  par  le  public,  je  1'ai  fait  imprimer  et  distribuer. 

Ce  fut  le  19  Ft-vrier,  1853.  que  j'ai  pre"sente  ce  projet  au  gouvernement  Piumon- 
tais,  auquel  j'ai  demande'  de  faire  juger  son  merite  par  une  Commission. 

M.  le  Ministre  des  travaux  publics  a  voulu  d'abord  sentir  l'avis  de  M.  Grattoni; 
puis,  le  29  Mai  de  la  meme  annee,  il  a  officiellement  charge  de  l'examen  de  mon 
projet  une  Commission,  dans  laquelle  MM.  Sommeiller  et  Grandis  faisaient  partie. 

M.  Grattoni,  qui  n'a  pas  tarde*  a  s'apercevoir  de  la  grande  importance  des 
diffJrents  systemes  que  j'avais  imagines  pour  resoudre  le  probleme  du  passage  des 


Alpes,  s'est  mis  d'accord  avec  les  deux  membres  de  la  Commission  susdite;  et  une 
societe,  sous  le  nom  de  Grandis,  Grattoni,  et  Sommeiller,  s'est  formed  dans  le  but  de 
perfectionner  et  exploiter  a  son  propre  profit  quelques-unes  des  inventions  que  j'avais 
propose'es  au  gouvernement  Piemontais. 

Le  premier  acte  de  cette  societe  fut  d'empecher  que  la  Commission  fasse  son 
rapport  au  Ministere.  En  efiet,  la  Commission  ne  s'est  jamais  assembled  pour 
traiter  du  jugement  de  mon  projet,  et  jamais  aucun  rapport  legal  a  ete  fait.  Ensuite 
elle  a  modifie  (plus  avant  on  verra  de  quelle  maniere)  la  machine  a  action  directe 
de  l'eau  que  j'avais  imaginee  pour  la  compression  de  l'air;  et,  profitant  de  la  circon- 
stance  que,  allant  en  toute  bonne  fois  avec  le  gouvernement  et  ses  agents,  je  ne 
m'etais  pas  assure*  aucun  brevet,  elle  en  demanda  un  dans  les  Etats  Sardes  le  20 
Septeinbre  de  la  meme  annde  1853;  et,  aideY-  par  un  metnbre  de  l'Academie  des 
Sciences  de  Turin,  le  General  Menabrea  (alors  Colonel),  lequel,  pour  pouvoir  favorisei* 
la  demande  de  ses  amis,  s'est  fait  accorder  de  TAcadi'mie  un  vote  de  conjiance,  le 
brevet  fut  octroye'  h,  MM.  Grandis,  Grattoni,  et  Sommeiller  le  15  Janvier,  1854. 

Appuyee  sur  ce  brevet,  la  societe  des  trois  ingenieurs  fit  contrat  le  28  Mars  de 
la  meme  anne'e  1854  avec  le  gouvernement  pour  appliquera  la  rampe  des  Appe*mns, 
sur  le  chemin  de  fer  de  Gene  a  Turin,  le  systeme  de  propulsion  a  air  comprime 
que  j'avais  propose  pour  le  chemin  des  Alpes  entre  Suse  et  Modane ;  mais  ce  con- 
trat a  ete  dans  la  suite  abandonne'  h,  cause  des  emendements  que  la  Chambre  des 
Deputes  y  a  faits,  en  consequence  surtout  d'une  protestation  que  j'avais  lui  adressee. 

II  faut  que  je  note  ici  que,  voyant  que  toutes  reclamations  faites  au  Ministere 
n'ont  pas  eu  aucun  resultat,  j'ai  cherche  alors  a  obtenir  un  brevet  dans  les  Etats 
Sardes,  afin  de  prote'ger  les  inventions  que  je  me  voyais  enleve*es  par  les  employes 
du  gouvernement  meme,  auquel  je  les  avais,  comme  j'ai  dit,  proposes  en  toute  bonne 
foi;  mais  le  Ministere  ne  voulant  pas  que  le  brevet  me  fut  accorde,  quoique 
l'Acaddmie  des  Sciences  de  Turin  et  la  Cliambre  de  Commerce  de  la  meme  ville 
aient  votes  en  faveur  de  la  concession  du  dit  brevet,  il  a  tronque'  le  cours  a  ma 
demande  au  lieu  de  l'envoyer  au  Conseil  d'Etat  pour  l'approbation. 

Deux  ans  apres,  un  projet  pour  la  percee  du  Mont  Cenis  fut  presente  au  Minis- 
tere par  la  societe  Grandis,  Grattoni,  et  Sommeiller.  Ce  projet  consistait  dans 
l'usage  des  mines  trouees  a  machine,  dans  celui  du  galvanisme  pour  allumer  la  poudre, 
dans  l'emploie  de  l'air  comprime  comme  force  motrice  applicable  aux  perforateurs, 
et  comme  ventiluteur  pour  chasser  les  gaz  et  la  fumee  de  la  poudre,  et  dans  la  com- 
pression de  l'air  par  Taction  directe  de  Teau:  le  tout  comme  en  maxime  trois  ans 
avant  j'avais  propose  au  meme  Ministere. 

A  la  suite  d'experiences  pratiqudes  pies  de  Gene,  une  Commission  fut  cbargee 
par  le  gouvernement  de  constater  les  eft'ets  pratiques  du  nouveau  systeme  d'excava- 
tion.  Cette  Commission,  dans  laquelle  faisait  partie  le  Ge'neral  Menabrea,  savait 
tres-bien  que  celui  qu'avait  imagine  et  que  fut  le  premier  a  proposer  au  gouverne- 
ment d'operer  la  percee  du  Mont  Cenis  par  le  moyen  des  mines  trouees  par  des 
machines  a  air  comprime*,  allumees  par  Telectricite,  et  ventile*es  par  Tair  comprime 
obtenu  directement  de  la  pression  de  Teau,  avait  *Ste  moi ;  neanmoius,  obeissant  a 
un  mot  d'ordre,  elle  ne  nt  dans  son  rapport,  qui  etait  tres-etendu,  aucune  mention  de 
mon  nom,  de  mes  travaux,  et  de  mes  propositions  faites  au  gouvernement,  et  attri- 
bua  tout  le  merite  du  nouveau  systeme  a,  MM.  Grandis,  Grattoni,  et  Sommeiller,  et 
a  quelqu'un  autre. 

Le  rapport  de  cette  Commission  ayant  ete*  tres-favorable,  le  gouvernement  presents 
au  Parlement  un  projet  de  loi  pour  operer  la  percee  du  Mont  Cenis.  Cela  fut  dans 
le  commencement  du  mois  de  Mai  de  Tannee  1857. 

Le  meme  jour  que  ce  projet  de  loi  venait  presente  a  la  Chambre  des  Deputes, 
j'ai  envoyee  h.  celle-ci,  au  Senatet  au  Roi,  une  petition  dans  laquelle,  declarant  que 
le  nouveau  systeme  d'excavation  a  ete*  propose  par  moi,  quatre  ans  avant.  au 
gouvernement,  je  priais  qu'une  Commission  fut  cbarge*e  d'examiner  mes  litres  et 
mes  reclamations.  Cette  petition  fut  publie'e  dans  les  journaux  de  Turin,  et  est 
celle  meme  dont  vous  avez  donne  un  extrait  dans  votre  journal. 

Pendant  que  ma  petition  e'tait  sous  l'examen  de  la  Commission  de  la  Chambre 
des  Deputes  que  devait  referer  sur  le  merite  du  projet  de  loi  pour  la  perforation  des 
Alpes,  une  defense  s'est  orgamsee  entre  le  Ministere  et  la  sociC'te  des  trois  ingen- 
ieurs. Celle-ci  publia  une  brochure  en  reponse  a  mes  accusations,  dans  laquelle 
toutes  les  questions  ont  ele*  deplacees  et  de'naturees;  et  pour  ne  pas  me  laisser  le 
temps  d'en  dt'montrerla  fausset^,  elle  Ta  publiee  seuleinent  le  jour  avant  celui  dans 
lequel  devait  avoir  lieu  a  la  Chambre  la  discussion  sur  ma  petition.  Cette  reponse, 
qu'a  ete*  signde  par  M.  Sommeiller  seul,  est  celle  dont  vous  avez  fait  mention 
dans  votre  article  sur  l'histoire  des  appareils  du  Mont  Cenis.  Le  Ministere,  de  son 
cote\  a  opere  de  maniere  a  ce  que  la  Commissiou  d'Enquete  que  j'avais  demandee 
aux  trois  pouvoirs  de  l'Etat  ne  fut  pas  nommde. 

De  la  reponse  de  M.  Sommeiller  h,  mes  accusations  je  n'ai  pas  besoin  d'en  parler 
ici,  car  vous  en  avez  dit  assez  dans  votre  article ;  je  dirai  seulement  quelques  mots 
sur  les  moyens  dont  on  s'est  servit  pour  faire  repousser  ma  petition. 

Ce  fut  dans  la  se'ance  du  25  Juin,  1857,  qu'elle  a  ete'  discute'e  a  la  Chambre  des 
Deputes.  Deux  choses  on  vouliit  obtenir  coute  que  coiite:  de  faire  passer  sans 
delai  la  loi  sur  la  perforation  du  Mont  Cenis,  et  faire  tomber  toutes  mes  accusations. 

En  consequence  M  Sommeiller  repeta  a  vive  voix  une  bonne  partie  des  etrangetes 
qu'il  avait  6*crites  dans  sa  brochure,  qui  fut  distribuee  a  tous  les  deputes;  et,  en  se 
posant  presque  en  cr&iteur  de  Tair  comprime,  il  a  conclut  en  s'ecriant .  "  L'air 
comprime*  est  trouve,  Messieurs;  il  n'est  pas  trouve  depuis  longtemps,  il  Test 
depuis  que  notre  machine  marche;"  et  il  a  dit  cela  quoiqu'en  Piemont  meme,  et 
presque  aux  portes  du  Turin,  on  avait  vu  pendant  des  annees  employer  Tair  com- 
prime pour  batir  les  piles  des  deux  ponts  sur  la  Stura  et  sur  la  Po. 

M.  le  Ministre  des  travaux  publics,  il  son  tour,  faisant  echo  a  ce  que  M. 
Sommeiller  avait  dit,  doclara  que  tout  le  merite  de  la  solution  du  grand  probleine 
de  la  perforation  des  Alpes  consistait  dans  les  modifications  que  MM.  Grandis, 
Grattoni,  et  Soinmeiller  avaient  faites  a  Tappareil  que  j'avais  propose  pour  com- 
primer Tair  moyennant  Taction  directe  de  Teau ;  et  a  ses  yeux  les  autres  idees  que 
j'ai  eu,  savoir:  de  rendre  praticables  les  mines  et  produire  une  bonne  ventilation, 
d'en  percer  les  trous  avec  des  machines,  de  faire  agir  ces  machines  par  Tair  corn- 
prime',  d'allumer  les  mines  par  le  galvanisme,  et  de  transporter  les  de'L-ombres  et  les 
materiaux  par  la  traction  a-  air  comprime,  toutes  ces  idees,  dis  je,  n'avaient  aucune 
valeur  a  ses  yeux.  Le  fait,  cependant,  est  venu  bien  vite  a  dementir  ses  assertions 
et  a  lui  prouver  que  ce  qu'il  avait  meprise'  alors,  etait  la  veritable  solution  du 
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probleme  de  la  perce'e  du  Mont  Cenis,  et  que,  au  contraire,  ce  qu'il  avait  exalte 
n'ctait  qu'un  accessoire,  base  sur  une  illusion  qui  devait  bientot  tomber. 

Apres  cela  n'est  pas  etonnant  si  la  Chambre  des  Deputes,  ne  sachant  de  quel  cote' 
etaient  la  verite  et  le  droit,  se  soit  dexlarde  incompetente  h,  juger  les  faits  exposes 
dans  ma  petition. 

Au  Senat  la  besogne  a  e'te  de'pechee  plus  vite  et  d'une  maniere  bien  s'mguliere. 
II  n'y  a  eu  qu'un  seul  discours,  qu'a  ete1  fait  par  M.  le  Comte  de  Cardenaz, 
rapporteur  de  la  Commission  des  Petitions.  La  conclusion  de  son  rapport  fut: 
*'  Qu'il  serait  honteux  de  croire  que,  non  seulement  la  Commission,  qui  avait  e'te 
charge'e  par  le  Ministere  de  Fexamen  de  mon  projet,  n'ait  jamais  satisfie  a.  son 
mandat,  mais  que  des  membres  de  la  meme  Commission  se  soient  aussi  valns  des 
connaissances  acquises  dans  cet  examen  pour  s'attribuer  a,  eux-memes  mes  de'cou- 
vertes,  et  en  tirer  profit  dans  leur  propre  interet;  et  que  si  les  clioses  fussent 
re'ellement  dans  Fetat  dans  lequel  elles  ont  ete  exposees  par  moi,  elles  seraient 
ties-graves  et  digne  de  severe  consideration ;  mais,  comme  M.  le  Ministre  des 
travaux  publics  avait  dans  son  discours  a  la  Chambre  des  Deputes  de'ja  donne  les 
explications  les  plus  satisfaisantes  a  ce  sujet,  ainsi  la  Commission  des  Petitions 
proposait  au  Se'nat  de  passer  outre."     Et  cela  fut  fait. 

Tous  les  faits  que  j'ai  iei  rapidement  traces  ont  eu  lieu  sous  le  gouvernement 
Piemontais;  mais  lorsque  fut  inaugure  le  gouvernement  Italien,  le  Cumte  de  Cavour 
lecommanda  au  Ministre  des  travaux  publics  de  tacher  de  faire  cesser  toute  question 
entre  moi  et  MM.  Grattoni  et  Cie.  Alors  une  espece  de  conciliation  eut  lieu,  par 
les  bons  offices  de  M.  le  Ministre  Jacini,  entre  moi  et  M.  Grattoni,  lequel  m'a 
alors  promis  qu'une  compensation  pour  les  de'penses  et  les  etudes  que  j'avais  faits 
me  serait  doiine'e;  mais  peu  de  temps  apres,  M.  Jacini  ayant  quitte  le  Ministere 
et  le  Comte  de  Cavour  etant  mort,  M.  Grattoni  n'a  plus  voulu  donuer  suite  a  sa 
promesse. 

Cet  abandon,  de  la  part  de  M.  Grattoni,  de  tout  sentiment  de  conciliation,  m'a 
deTermine!  a  invoquer  l'appui  du  nouveau  Parlement  Italien,  auquel  j'ai  presente, 
le  16  Janvier,  1862,  une  petition;  et  le  Ministere,  a  Foccasion  de  la  discussion  de 
celle-ci  a.  la  Chambre  des  Deputes  (qu'a  eu  lieu  dans  la  se'ance  de  soir  du  11 
Juillet  de  hi  meme  annee),  a  declare  :  qu'il  aviserait  au  moyen  de  me  compenser  du 
merite  que  j'ai  eu,  et  en  partie,  avssi,  des  nomlreuses  adversites  et  peines  que  j'ai 
du  supporter  duns  V affaire  du  Mont  Cenis.  Mais  peu  de  temps  apres  ayant  eu 
lieu  un  changement  de  Ministere  que  porta  M.  le  General  Menabrea  au  porte- 
feuilles  des  travaux  publics,  les  nouveau  Ministre,  au  lieu  de  donner  execution  a  la 
promesse  de  son  pre'decesseur,  fit  de'clarer  par  le  Conseil  Superieur  des  travaux 
publics  (en  dictant  lui-meine  au  rapporteur  M.  Barbavara  le  jugement  que  le  Con- 
Keil  devait  donner),  que  je  ne  jiuis  2ms  aspirer  au  merite  d'avoir  ete  en  aucune 
maniere  utile  a  la  percee  des  Alpes ;  el  que  la  science  et  les  indzcstrtels  tie  doivent 
a  moi  ni  progres,  ni  perfectionnements,  ni  ide'es,  ni  inspirations,  ni  valuables  con- 
seils  qui  aient  pu  projiter  a  cette  perforation;  et  que,  en  consequence^  il  ne 
tnetaU  due  aucune  compe?isaJion. 

Sur  quelles  raisons  et  preuves  soit  base;  ce  jugement  je  ne  le  sais  pas,  car  il  ne 
m'a  e'te  communique  que  la  conclusion. 

J'ai  imagine'  le  moyen  de  rendre  pratieubles  les  mines  dans  le  tunnel  du  Mont 
Ceius,  et  j'ai  etc'  le  premier  a  les  proposer,  tandis  que  tous  les  hommes  qui  se 
sont  occupe's  avant  moi  de  la  solution  du  probleme  du  passage  des  Alpes  avaient 
crus  qn'elles  e'taient  impossibles.  J'ai  propose'  d'utiliser  les  caux  qui  coulent  aux 
embouchures  du  tunnel  pour  fouler  Pair,  a  liardonnecbe  par  Taction  directe  de  l'ean, 
et  a  Modane  par  les  pompes  pneumatiques.  J'ai  propose'  d'emmagasiner  dans  des 
reservoirs  Fair  fur  et  a  mesure  qu'il  venait  foule,  et  de  l'envoyer  ensuite  par  un 
tuyau  jusqu'au  fond  du  tunnel.  Pour  percer  les  trous  des  mines  j'ai  propose"  des 
petites  machines,  misent  en  mouvement  par  l'air  comprime,  et  consistantesdans  des 
petits  cylindres  a  piston,  place's  toutes  ensembles,  par  des  armures  articule'es,  sur 
un  chariot  mu  lui  aussi  par  l'air  comprime',  et  communiquant,  soit  les  perforateurs 
que  le  chariot,  avec  le  grande  tuyau  de  conduite  de  Fair  comprime,  moyennant  des 
[K^tits  tuyaux  de  caoutchouc.  Pour  la  ventilation,  j'ai  propose  un  usage  tres-abon- 
dant  d'air  comprime'.  En  outre  j'ai  combattu  les  prejuges  qui  existaient  en  Italie 
avant  la  presentation  de  mon  projet  sur  l'usage  de  l'air  comprint,  et  surtout  celui 
que  l'air  comprime'  ne  pouvait  pas  etre  envoye  a  distance.  Ces  propositions  (que, 
comme  j'ai  deja  dit,  j'ai  faites  au  gouvernement  Piemontais  des  le  commencement 
de  Fannee  1803)  ont  et£  toutes  adoptees,  et  est  sur  elles  que  base  la  re\issite  de  la 
perce'e  du  Mont  Cenis ;  et  ne*anmoins  M.  le  General  Menabrea  fait  dire  au  Con- 
st'il  Superieur  des  travaux  publics  que  "je  ne  puis  pas  aspirer  au  meYite  d'avoir 
et^  en  aucune  maniere  utile  a  la  perforation  des  Alpes."  J'ai  travaille;  desanne'es, 
j'ai  eu  plus  de  60,000  francs  de  de'penses,  et  j'ai  souffert  des  amertumes  infinies; 
ct  le  memo  Ministre  fait  decider  qu'aucune  compensation  in'est  due. 

Evidcuimcnt  M.  le  General  Menabrea  a  voulu  profiter  de  sa  position  de  Min- 
istre pour  se  vengcr  d'un  homme  qui  s'est  cru  en  devoir  de  censurer  sa  conduite 
dans  Faffaire  du  Mont  Cenis. 

Comme  de  raison,  j'ai  proteste  dans  de  vol.  xxni.  du  Politecnico  contre  ce  jugement 
et  contn'  les  dSportements  du  Ministre  Menabrea;  et  j'espeVe  que  Fhomme  eclaire 
et  honnete  qui  regit  actuellement  le  Ministre  des  travaux  publics,  voudra  faire 
reviser  par  une  Commission  d'hommes  compe'tents  et  impartiaux  le  jugement  susdit ; 
car,  tel  qu'il  est,  il  serait  indigne  d'un  gouvernement  et  d'un  peuple  libre  qui  aspirent 
a  etre  estimtfs  et  ivspecte's. 

Avant  de  clore  cette  k-ttre,  permettez  moi  aussi,  Monsieur,  de  dire  quelques  mots 
Mir  la  part  que  MM.  de  Caligny,  Colladon,  et  Bartlett  ont  eu  dans  Fmvention  des 
machines  employees  a  la  perce'e  du  Mont  Cenis. 

II  est  incontestable  que  MM.  Grandis,  Grattoni,  et  Sommeiller,  croyant  per- 
fectionner  1'appareil  que  j'ai  proposed  pour  la  compression  de  l'air  moyennant  Faction 
directe  de  l'eau,  ont  donne  u  la  chambre  de  compression  decct  appareil  la  meme 
section  que  pour  le  tuyau  de  conduite  de  Feau,  comme  M.  le  Marquis  de 
Caligny  avait  dans  le  1837  imagine  pour  utiliser  autant  que  possible  dans  son 
beTier  hydrauliqne  1'efiet  de  la  force  vive  de  Feau.  Mais,  a.  mon  avis,  M.  de 
Caligny  n'auniit  pas  du  s'empresser  de  faire  les  reclamations  qu'il  a  faites  dans  le 
Parlement  Italien:  d'abord,  parcequ'il  n'a  jamais  presented  aucune  proposition 
pour  la  perce'e  des  Alpes,  ensuite,  parccque  e'est  pre'eisement  puur  avoir  voulu  les 
directeurs  des  travaux  du  Mont  Cenis  donner  a  l'appareil  que  j'ai  proposed  pour  la 
compression  de  Fair  a  action  directe  de  Feau  les  dispositions  de  son  belier,  qu'on  a 


dO.  abandonner  un  systeme  qu'autrement  await  donned  des  trcs-bons  re'sultats.  Le 
belier  de  M.  de  Caligny  serait  tres-utile  oil  les  masses  d'eau  a  mettre  en  mouve- 
ment ne  sont  pas  tres-grandes,  et  oil  la  hauteur  de  chute  de  Feau  n'est  pas 
suftisante  pour  obtenir  FefFet  qu'on  veut;  mais  au  Mont  Cenis,  oil  il  s'agissait  de 
faire  operer  des  masses  enormes  d'eau,  et  oil  il  y  avait,  a  Bardonneche,  une  chute 
de  55  metres  de  hauteur,  il  fallait  un  appareil  a  chambre  de  compression  tres- 
vaste,  comme  celui  que  j'ai  propose,  afin  de  ne  pas  multiplier  le  nombre  des 
appareils,  afin  de  ne  pas  avoir  a  combattre  a  chuque  instant  Finertie  de  masses 
colossales  d'eau,  et  pour  e'viter  autant  que  possible  les  eiTets  de  l'e'chauffement 
de  l'air.  Ayant  MM.  Grandis,  Grattoni,  et  Sommeiller  voulu  donner,  a  Fiustnr 
du  be'lier  de  M.  de  Caligny,  aux  chambres  de  compression  une  section  dgale  a  celle 
des  tuyaux  de  chute  de  Feau,  il  en  est  resulte*  que,  ne  pouvant  pas  comprhner 
que  petites  quantites  d'air  a  la  fois,  on  a  du  quintujiliquer  le  nombre  des  appareils, 
decupliquer,  au  moins,  dans  chaque  appareil  le  nombre  des  coups  des  soupapes 
et  le  nombre  des  changements  d'e'tat  de  Feau;  et  comme  tout  se  faisait  avec  une 
certaine  violence,  ainsi,  les  chocs,  les  frottements  multiplie's,  les  effets  de  la  chaleur 
et  de  Felectricite1  resultants  d'une  compression  rapide,  et  le  manque  de  coincidence 
exacte  entre  le  mouvement  des  soupapes  et  les  oscillations  des  colonnes  d'eau,  ont 
non  seulement  fait  perdre  une  tres-grande  partie  de  Feffct  utile,  mais  ont  produit 
aussi  une  serie  telle  d'inconvenients  qu'on  a  dfi,  apres  quelques  annexes  d'exercice, 
se  determiner  a  changer  de  systeme. 

Quant  a  M.  Colladon,  ce  que  la  Commission  des  Experiences  de  Sanpier- 
darena  (pies  de  Gene)  en  a  dit  dans  le  rapport  que  vous  avez  cite  dans  votre 
article,  n'a  ete  qu'uu  stratageme  pour  e'viter  de  parler  de  moi.  Ne  pouvant  pas 
faire  croire  que  Fide'e  de  l'application  de  l'air  comprime'  pour  ventiler  les  travaux 
d'excavation  du  tunnel  du  Mont  Cenis  a  ctd  imaginee  par  MM.  Grandis,  Grattoni, 
et  Sommeiller,  car  deux  ans  avant  M.  Colladon  avait  demande  en  Italie  un 
brevet  pour  une  semblable  application,  et  d'autre  cote',  ne  voulant  pas  avouer 
quelle  fut  proposee  par  moi,  elle  Fattribuat  a  M.  Colladon ;  mais  le  fait  est  que  ce 
Mon.sieur  n'a  jamais  fait  aucune  proposition  avant  le  1855,  et  que,  au  contraire,  je 
Favaisfaite  des  le  commencement  du  1853. 

La  chose  est  bien  differente  quant  a  votre  compatriote,  51.  Bartlett.  Lui  aussi 
a  servit  a  la  Commission  susdite  de  machine  de  guerre  contre  moi,  pour  m'oter 
le  merite  d'avoir  imagine'  de  faire  a  machine  les  trous  des  mines  du  tunnel  du 
Mont  Cenis,  et  de  faire  agir  ces  machines  par  Fair  comprint;  mais  du  moins,  si 
M.  Bartlett  n'a  pas  eu  la  priorite"  sur  moi  quint  a  Fide'e  fondamentale  de  ces 
machines  (mon  projet  ayant  ete  publie  dans  le  1853  et  son  brevet  ayant  ete  accorde, 
soit  en  Italie  qu'en  Angleterre,  dans  le  1855),  il  a  eut  ineontestablemimt  le  merite 
d'avoir  imagine*  les  de'tails,  et  d'avoir  construite  une  machine  operative  laquelle, 
en  vue  de  son  bon  success  pratique,  a  contribue  fortement  a  determiner  le  gouverne- 
ment Piemontais  a  entreprendre  la  perce'e  des  Alpes.  II  est  aussi  incontestable 
que  les  directeurs  des  travaux  du  Mont  Cenis  ont  prit  de  la  machine  de  M. 
Bartlett  Fide'e  d'attacher  le  ciseau  au  piston  et  de  le  faire  battre  et  tourner  dans  le 
meme  temps. 

En  consc'quence  M.  Bartlett  avait  droit  non  seulement  au  remboursement 
des  frais  qu'il  a  faites  pour  servir  aux  expediences  que  pendant  plusieurs  mois  le 
gouvernement  Pie'montais  a  voulu  faire  de  son  perforateur,  mais  bien  aussi  U  une 
compensation  pour  avoir  contribue^  a  la  solution  de'fmitive  du  probleme  de  la  per- 
foration des  Alpes;  mais  il  a  eut  le  meme  sort  que  moi:  apres  que  nous  avons 
servit  d'echelle  a  MM.  Grandis,  Grattoni,  et  Sommeiller  pour  monter  bien  haid.  on 
nous  a  repousses. 

G.  B.  PIATTI. 

RIFLED  CANNON. 
(To  the  Editor  of  the  Practical  Mechanic's  Journal') 

Sir, — I  am  obliged  for  your  inserting  my  letter  in  your  number  for  last  month. 
There  is  a  good  remark  in  Mr.  Fairbairn's  lecture  upon  iron,  which  suits  well  my 
plan  of  casting  rifle-cannon,  it  is  as  follows: — 

11  The  author  thinks  that  the  use  of  Bessemer  steel,  with  guns,  cast  hollow  under 
hydraulic  pressure — to  increase  the  density  and  tenacity — and  cooled  internally  by 
water,  as  in  America,  would  render  the  insecure  and  expensive  system  of  hooping 
unnecessary." — From  Scientific  Review,  1st  Dec,  1865. 

Your  observations  on  the  Report  of  the  Woolwich  Committee  towards  Mr.  Lan- 
caster are  extremely  good;  their  conduct  towards  me  was  of  a  similar  nature.  If 
Mr.  Lancaster  was  to  use  elongated  shot,  not  mechanically  fitting,  but  formed 
after  the  plan  described  in  my  last  letter.  I  think  he  would  find  advantage  in  it. 
I  inclose  the  answer  to  my  memorial  to  H.B.H.  the  Commander-in-Chief,  in  1860, 
signed  by  Colonel  Lefroy,  together  with  a  letter  to  the  editor  of  the  Morning 
Advertiser ;  also  a  copy  of  a  letter  to  the  Public  Correspondent. 

I  remain,  yours  very  truly, 

J.  NOPlTON. 

BIUTISH  RAINFALL. 
(To  the  Editor  of  the  Practical  Mechanic's  Journal.') 

Sir, — Permit  me  to  ask  your  readers'  attention  to  a  request  on  the  above  subject, 
the  importance  of  which  in  relation  to  engineering  and  drainage  questions  is  well 
known.  It  is  now  some  years  since  I  began  collecting  returns  of  the  full  of  rain, 
but  my  main  difficulty  has  been  to  find  out  the  persons  who  keep  such  records. 
When  the  collection  was  first  organized  in  1860,  scarcely  two  hundred  persons 
were  known  to  observe  and  record  the  rainfall;  by  steady  perseverance,  and  the  aid 
of  a  portion  of  the  press,  the  number  has  been  raised  until  there  are  now  more  than 
one  thousand  two  hundred  places  whence  returns  are  regularly  received.  Still 
I  know  there  are  many  more,  probably  hundreds,  who  have  either  never  heard  of 
the  establishment  of  a  central  depGt  to  which  copies  of  all  rain  records  should  be 
sent,  or  they  have  been  too  diffident  to  send  them.  It  is  of  paramount  importance 
to  gather  these,  and  make  the  tables  yet  more  complete.  I  therefore  beg  leave 
through  your  columns  to  ask  every  reader  to  think  for  a  moment  if  he  or  she  knows 
of  any  one  who  keeps,  or  has  kept,  a  rain-gauge,  or  who  has  any  tables  of  rainfall 
(or  old  weather  journals),  in  their  possession.     And  if  they  do  know  of  such  per- 
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soils,  I  ask  them  on  behalf  of  science,  of  my  fellow -observers,  and  on  my  own 
behalf,  to  use  every  effort  to  secure  their  assistance,  and  to  favour  me  with  their 
names  and  addresses.  We  want  old  records,  we  want  records  for  the  present  year, 
and  from  many  parts  of  the  country  we  want  returns  for  the  future,  if  a  few  per- 
sons will  notify  to  me  their  willingness  to  assist,  and  to  pay  10s.  Gd.  for  the  very 
cheap  and  simple  gauge  now  supplied.  A  complete  list  of  the  places  whence 
returns  have  been  already  collected  shall  be  sent  to  any  one  willing  to  make  good 
use  of  it.  I  may  add  that  an  influential  committee  of  the  British  Association  has 
been  appointed  to  superintend  and  -assist  in  my  investigations,  and  that  they 
cordiallv  support  my  present  application. —  I  am,  Sir,  your  obedient  servant, 

G.  J.  SYMONS. 


PROCEEDINGS    OF   SCIENTIFIC    SOCIETIES. 


THE   INSTITUTION   OF   CIVIL   ENGINEERS. 

At  the  meeting  on  Tuesday  evening,  the  5tb  of  December — Mr.  John  Fowler, 
V.P.,  in  the  chair — the  first  ballot  for  the  Session  1865-66  was  taken,  when 
fifteen  Members  and  twenty-five  Associates  were  duly  elected,  including  as 
Members,  Mr.  James  Danford  Baldry,  Westminster;  Mr.  William  Cole  Bayly, 
Bombay,  Baroda,  and  Central  India  Railway ;  Mr.  James  Augustus  Caley,  assis- 
tant civil  engineer  in  the  western  province  of  Ceylon  ;  Mr.  James  Cross,  St.  Helen's; 
Mr.  Frederick  East,  Madras  Irrigation  and  Canal  Company  ;  Mr.  Thomas  Hardinge 
Going,  Madras  Railway ;  Mr.  Hugh  Leonard,  superintending  engineer  in  the 
Department  of  Public  Works  of  Bengal ;  Sir.  Edward  Orpen  Muriarty,  engineer- 
in-chief  for  harbours  and  rivers,  Sydney,  N.S.W. ;  Mr.  Parke  Neville,  engineer  to 
the  corporation  of  Dublin  ;  Mr.  William  Henry  Price,  superintending  engineer  of 
the  Kurrachee  harbour  works  ;  Sir.  Cubitt  Sparkhall  Rundle,  Calcutta  ;  Mr.  Bern- 
hard  Schmidt,  resident  engineer  of  the  Berlin-Gbrlitzer  Railway;  Mr.  Charles 
Tarrant,  county  surveyor  of  Waterford  ;  Mr.  Cromwell  Fleetwood  Varley,  chief 
engineer  to  the  Electric  and  International  Telegraph  Company;  and  Mr.  Edward 
Wilson,  Worcester  :  and  as  Associates,  Sir.  Joseph  Brierly,  Blackburn  ;  Mr.  Thomas 
Buckham,  Wandsworth;  Sir.  Seymour  Clarke,  general  manager  of  the  Great 
Northern  Railway  ;  Sir.  William  Clarke,  late  of  New  Zealand  ;  Sir.  John  Dickson 
Derry.  assistant  engineer  in  the  Department  of  Public  Works  of  Bengal ;  Sir.  John 
Dunning,  Middlesbro'-on-Tees ;  Sir.  Cornelius  Willes  Eborall,  general  manager  of 
the  South  Eastern  Railway;  Sir.  James  Grierson,  general  manager  of  the  Great 
Western  Railway;  Sir.  Richard  Harris  Hill,  London;  Sir.  George  William  Horn, 
of  the  London  and  South  Western  Railway ;  Slajor  Julian  St.  John  Hovenden, 
R.E.,  deputy  consulting-engineer  to  the  Government  of  India  in  the  railway  depart- 
ment; Sir.  Francis  King,  Bombay;  Sir.  Conyers  Kirby,  Newport,  (Slon.)  ;  Sir. 
William  Lang,  London  ;  Colonel  William  Montagu  Scott  M'SIurdo,  C.B. ;  Mr. 
Robert  Slesser,  late  of  Oporto  ;  Sir.  Robert  Moseley,  manager  of  the  Great  Eastern 
Railway;  Sir.  William  Newmarch,  F.R.S.,  London;  Sir.  Jeremiah  Ryan,  Bombay; 
Mr.  Archibald  Scott,  traffic  manager  of  the  London  and  South  Western  Railway; 
Sir.  Edward  Rush  Turner,  Ipswich  ;  Sir.  Howard  Unwin,  Carmarthen;  Mr.  Leve- 
son  Francis  Vernon -Harcourt,  SI. A.,  Westminster;  Mr.  George  Ambrose  Wallis, 
Eastbonrne ;  and  Mr.  George  Woolcott,  F.R.G.S.,  secretary  to  the  Central  Argen- 
tine Railway  Company. 


Decemeeu  12,  1865. — The  paper  read  was  on  "Experiments  on  the  Strength 
of  Cement,  chiefly  in  reference  to  the  Portland  cement  used  in  the  Southern  Slain 
Drainage  works,"  by  Sir.  John  Grant,  SI.  Inst.  C-E. 

This  communication  related  to  an  extensive  series  of  experiments,  the  results  of 
which  were  recorded  in  voluminous  tables  forming  an  appendix  to  the  paper,  carried 
on  during  the  last  seven  years,  with  a  view  to  insure,  as  far  as  possible,  that  only 
cement  and  other  materials  of  the  best  quality  should  be  employed  in  the  Southern 
Slain  Drainage  works,  of  which  the  author  had  charge  as  resident  engineer. 

As  a  preliminary  step,  samples  of  Portland  cement  were  obtained  from  all  the 
pincipal  manufacturers  for  the  purpose  of  experiment.  The  average  weight  of 
these  samples  was  found  to  be  108'6  lbs.  per  bushel,  and  they  sustained  breaking 
or  tensile  strains,  at  the  end  of  a  month,  varying  from  75  lbs.  to  719  lbs.  upon 
1\  square  inches.  A  clause  was  then  inserted  in  the  specifications  to  the  effect 
that  the  Portland  cement  to  be  used  in  the  works  should  be  of  the  very  best  quality, 
and  ground  extremely  fine,  weighing  not  less  than  110  lbs.  to  the  striked  bushel, 
and.  capable  of  resisting  a  breaking  weight  of  400  lbs.  upon  an  area  l£  inch  square, 
equal  to  2J  square  inches,  seven  days  after  being  made,  and  after  being  immersed 
in  water  for  the  whole  of  that  time.  The  standard  was  subsequently  raised  to  500  lbs. 
on  the  same  sectional  area,  which  was  that  used  throughout  the  experiments.  During 
the  last  six  years  70,000  tons  of  Portland  cement  had  been  used  in  these  works, 
which  extended  over  a  length  of  18  miles  and  had  cost  £1.250,000.  This  quantity 
of  cement  had  been  submitted  to  about  fifteen  thousand  tests,  at  a  cost  of  only  five 
farthings  per  ton.  The  machine  devised  for  showing  the  tensile  strain  was  a  lever 
balance,  constructed  by  Mr.  P.  Adie  (Assoc.  Inst.  C.E.),  and  its  first  cost  was 
from  £40  to  £50.  It  was  so  simple  that  an  ordinary  workman  could  be  trusted 
to  test  the  cement,  and  the  cost  for  labour  did  not  exceed  £80  per  annum  for  each 
machine. 

The  manufacture  of  Portland  cement  required  extreme  care  in  the  admixture  of 
its  two  simple  and  well-known  ingredients,  clay  and  chalk,  it  being  necessary  to 
vary  the  proportions  according  to  the  quality  of  the  chalk;  thus,  in  white  chalk 
districts  the  clay  formed  from  25  to  30  per  cent.,  and  in  gray  chalk  districts  from 
16  to  20  per  cent,  of  the  whole  bulk.  The  manufacture  was  carried  on  almost 
exclusively  on  the  banks  of  the  rivers  Thames  and  Medway ;  the  clay,  which  should 
be  as  free  from  sand  as  possible,  being  obtained  from  the  creeks  and  bays  between 
Sheerness  and  Chatham.  Long  experience  now  enabled  the  clerks  of  the  works  and 
others  to  detect  the  qualities  of  the  cements  by  colour  and  by  weight.  Very  strong 
Portland  cement  was  heavy,  of  a  blue-gray  colour,  and  set  slowly;  in  fact,  the 
longer  it  was  in  setting,  the  greater  was  its  strength.  Quick-setting  cement  had 
generally  too  large  a  proportion  of  clay  in  its  composition,  was  brown  in  colour, 
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and  turned  out  weak,  if  rot  useless.      In  the  first  schedule  of  prices  2s.  3d.  per 
bushel  was  inserted ;  but  this  was  far  above  its  present  market  value. 

But  the  tests  were  not  alone  sufficient.  It  was  essential  that  constant  supervision 
should  be  exercised  to  insure  that  only  clean  and  sharp  sand  should  be  mixed  with 
the  cement ;  that  the  cement  was  only  supplied  with  sufficient  water  to  reduce  it  to 
a  state  of  paste,  which  was  best  accomplished  by  means  of  a  perforated  nozzle  at 
the  end  of  a  pipe  or  watering  can ;  that  the  bricks  or  stones  were  thoroughly  satu- 
rated with  water,  so  that  in  setting  the  cement  might  not  be  robbed  by  absorption 
of  the  moisture  necessary  for  its  perfect  hardening;  and  that  a  current  of  water  was 
prevented  from  passing  over  the  cement,  or  through  the  joints,  during  the  process 
of  setting,  as  this  would  wash  away  the  soluble  silicates. 

The  results  as  a  rule  were  the  average  of  ten  tests,  the  samples  being  immersed 
under  water  from  the  time  of  setting  to  the  time  of  testing.  The  tables  showed 
that,  during  the  last  six  years,  1,309,210  bushels  of  Portland  cement  had  been 
submitted  to  11,587  tests,  and  that  the  cement  was  found  to  be  of  the  average 
weight  of  1145  lbs.  per  bushel,  and  to  possess  an  average  tensile  strength  of  G08"G 
lbs.  upon  2  J  square  inches,  being  5l£  and  21  per  cent,  in  excess  of  the  two  specified 
standards.  It  was  also  ascertained  that,  provided  Portland  cement  be  kept  free 
from  moisture,  it  did  not,  like  Roman  cement,  lose  its  strength  by  being  kept  in 
casks  or  in  sacks,  but  rather  improved  by  age — a  great  advantage  in  the  case  of 
cement  which  had  to  be  exported.  Experiments,  conducted  over  periods  varying 
from  one  week  to  twelve  months,  with  Portland  cement  weighing  112  lbs.  to  the 
imperial  bushel,  gauged  neat  and  mixed  with  varying  proportions  of  different  kinds 
of  sand,  showed  that  neat  cement  was  stronger  than  any  admixture  of  it  with  sand; 
that  mixed  with  an  equal  quantity  of  sand  (as  had  been  the  case  throughout  the 
Southern  Slain  Drainage  works),  the  cement  might  be  said  to  be,  at  the  end  of  a 
year,  approximately  three-fourths  of  the  strength  of  neat  cement;  that  with  two, 
three,  four,  and  five  parts  of  sand  to  one  of  cement,  the  strength  was  respectively 
one-half,  one-third,  one-fourth,  and  about  one-sixth  that  of  neat  cement.  Other 
experiments  showed  that  at  the  end  of  twelve  months,  neat  cement  kept  under 
water  in  a  quiescent  state  was  about  one-third  stronger  than  that  which  was  out 
of  water,  both  in-doors  and  exposed  out  of  doors  to  the  action  of  the  weather ;  that 
blocks  of  brickwork,  or  concrete,  made  with  Portland  cement,  if  kept  under  water 
until  required  for  use,  would  be  much  stronger  than  if  allowed  to  remain  dry;  and 
that  salt  water  was  as  good  for  mixing  with  Portland  cement  as  fresh  water.  Bricks 
of  neat  Portland  cement,  after  being  made  three,  six,  and  nine  months,  withstood 
a  crushing  force  of  05,  92,  and  102  tons,  respectively,  or  equal  to  the  best  quality 
of  Staffordshire  blue  bricks ;  and  bricks  of  cement  mixed  with  four  and  five  parts  of 
sand,  bore  a  pressure  equal  to  the  best  picked  stock  bricks;  while  Portland  stone  of 
similar  size  bore  on  its  bed  a  crushing  weight  of  47  tons,  and  against  its  bed  some- 
what less ;  and  Bramley  Fall  stone  sustained  on  its  bed  93^  tons,  and  against  its 
bed  54§-  tons.  Portland  cement  concrete  made  in  the  proportions  of  one  of  cement 
to  six  or  eight  of  ballast,  had  been  extensively  used  for  the  foundations  of  the  river 
wall  and  the  piers  of  the  reservoirs  at  Crossness,  as  well  as  for  the  foundations 
generally  both  there  and  at  Deptford,  with  the  most  perfect  success.  It  was 
thought,  that  it  might  be  still  more  advantageously  used  as  a  substitute  for  brick- 
work or  masonry,  wherever  skilled  labour,  stone  or  bricks,  were  scarce,  and  founda- 
tions had  to  be  made  with  the  least  expenditure  of  time  and  money.  Whenever 
concrete  was  used  under  water,  care  must  be  taken  that  the  water  was  still,  as  a 
current,  whether  natural  or  caused  by  pumping,  would  carry  away  the  cement  and 
leave  only  clean  ballast.  "Roman  cement,  though  about  two-thirds  of  the  cost  of 
Portland,  was  only  about  one-third  its  strength,  and  was,  therefore,  double  the  cost 
when  measured  by  strength.  It  was,  besides,  very  ill  adapted  for  being  mixed 
with  sand. 

In  conclusion,  the  author,  whilst  recommending  Portland  cement  as  the  best 
article  of  the  kind  that  could  be  used  by  the  engineer  or  architect,  warned  every  one 
who  was  not  prepared  to  take  the  trouble,  or  incur  the  trifling  expense  of  testing, 
not  to  use  it;  as,  if  manufactured  with  improper  proportions  of  its  constituents, 
chalk  and  clay,  or  improperly  burnt,  it  might  do  more  mischief  than  the  poorest 
lime.  Further  experiments  were  desirable  on  the  strength  of  adhesion  between 
bricks  and  cement  under  varying  circumstances;  on  the  limit  to  the  increase  of 
strength  with  age;  on  the  relative  strength  of  concrete  made  with  various  propor- 
tions of  cement  and  ballast ;  and  on  the  use  of  cement  in  very  hot  climates,  where 
probably  extra  care  would  be  required  in  preserving  the  cement  from  damp,  and 
keeping  it  cool  until  the  process  of  setting  had  been  completed.  On  these  and  other 
important  points,  the  author  trusted  that  all  who  had  the  opportunity  would  record 
their  observations  and  present  them  to  the  Institution. 


MANCHESTER  LITERARY  AND  SCIENTIFIC  SOCIETY. 

November  28,  1865. — "On  the  Amount  of  Carbonic  Acid  contained  in  the  Air 
above  the  Irish  Sea,1'  by  Sir.  T.  E.  Thorpe,.  Assistant  in  the  Private  Laboratory, 
Owen's  College,  communicated  by  Professor,!!.  E.  Roscoe,  F.R.S. 

The  determination  of  the  amount  of  carbonic  acid  contained  in  the  atmosphere 
over  the  land  has  been  made  the  subject  of  investigation  by  many  experimenters, 
and  from  the  results  obtained  by  Theodore  de  Saussure,  Brunner,  Boussingault, 
Angus  Smith,  and  others,  we  are  acquainted  with  the  exact  proportion  of  this  gas 
contained  in  the  atmosphere  under  varying  circumstances  of  situation  and  weather. 

But  hitherto  the  influence  which,  ajwiori,  most  necessarily  be  exercised  by  large 
bodies  of  water  on  the  proportion  of  carbonic  acid  in  the  atmosphere,  has  scarcely 
been  sufficiently  studied.  The  fact  that  a  considerable  influence  is  exercised  has 
certainly  been  noticed,  but  beyond  the  incomplete  results  of  one  or  two  observers, 
we  have  no  numerical  data  from  which  to  judge  of  the  extent  of  this  influence,  and 
we  therefore  know  but  little  of  the  changes  in  the  comparative  amount  of  the 
atmospheric  carbonic  acid  as  effected  by  the  waters  of  the  ocean. 

Dr.  Roscoe  therefore  suggested  that  I  should  undertake  some  experiments  on  this 
subject,  and  kindly  placed  the  necessary  time  and  apparatus  at  my  disposal.  I 
may  here  be  allowed  to  express  my  thanks  for  this  kindness,  and  for  the  advice  I 
have  received  from  him  during  the  prosecution  of  these  experiments*. 

It  appeared  from  the  observations  of  Vogel  on  the  air  of  the  Baltic  and  of  the 
Channel,  that  the  sea  abstracts  to  a  very  considerable  extent  the  carbonic  acid  from 
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the  atmosphere;  and  this  conclusion  was  apparently  confirmed  by  the  experiments 
of  Emmet  on  the  air  over  the  Atlantic  and  at  Bermuda,  and  by  the  determinations 
of  Watson  at  Bolton,  made  on  air  blowing  from  the  seaward. 

These  experiments  were,  however,  for  the  most  part,  merely  qualitative,  and  the 
circumstances  under  which  they  were  imde,  together  with  the  inaccurate  nature  of 
the  methods  employed,  render  such  a  conclusion  premature.  In  fact,  the  experi- 
ments of  Lewy  and  Morren  on  the  nature  of  the  gases  which  sea  water  holds  in 
solution  at  different  periods  of  the  day  and  during  various  seasons  of  the  year,  would 
appear  to  show  that  the  sea  may  possibly  act  in  quite  the  opposite  direction,  and 
cause  a  sensible  increase  in  the  comparative  amount  of  atmospheric  carbonic  acid. 

The  air  contained  in  sea  water  consists  of  variable  quantities  of  free  carbonic 
acid,  oxygen,  and  nitrogen,  and  Morren  and  Lewy  have  shown  that  the  changes  in 
the  relative  proportion  of  these  gases  depend — (1)  upon  alteration  of  temperature 
affecting  the  relative  amounts  of  the  dissolved  gases  in  accordance  with  the  laws  of 
gaseous  absorption  ;  and  (2)  upon  the  variations  in  intensity  of  direct  and  diffused 
solar  light,  producing  a  corresponding  effect  upon  the  vitality  of  sea  plants  and 
animals,  and  hence  altering  the  composition  of  the  dissolved  gases. 

Some  further  experiments  by  Lewy,  on  the  composition  of  the  atmosphere  above 
the  Atlantic  Ocean  in  the  tropics,  tend  to  confirm  the  above  supposition  of  the  pos- 
sible increase  in  carbonic  acid  in  the  atmosphere  above  the  sea.  In  fact,  if  it  is 
possible  that  the  composition  of  the  air  above  the  sea  in  our  latitudes  can  be 
sensibly  altered  by  this  phenomenon  of  the  variation  in  the  nature  of  the  gases  in 
solution  in  sea  water,  as  Lewy  and  Morren  assert,  we  might  expect  that  the  atmos- 
phere above  the  tropical  oceans  would  manifest  to  a  much  larger  extent  variations 
in  the  relative  amounts  of  carbonic  acid  and  oxygen,  since  infusoria  exist,  as  is  well 
known,  in  enormous  quantities  in  these  oceans,  and  the  composition  of  the  air  in 
their  waters  must  necessarily  undergo  rapid  variation,  and  a  considerable  evolution 
of  the  dissolved  gases  must  consequently  occur.  At  the  instance  of  the  French 
Academy,  Lewy  collected  air  at  different  times  during  a  voyage  from  Havre  to 
Santa  Marta,  and  on  subsequent  analysis  not  only  did  it  appear  that  the  mean 
quantity  of  carbonic  acid  was  sensibly  greater  in  the  air  of  the  Atlantic  Ocean  in  the 
tropics  than  in  the  air  of  the  land,  but  also  that  the  air  of  the  day  was  appreciably 
richer  in  carbonic  acid  and  oxygen  than  air  collected  in  the  night. 

On  comparing  the  means  of  each  series  we  have,  in  10,000  volumes  of  air,  for  the 

Day  (mean  of  7  expts.) 

Carbonic  acid 5"299 

Oxygen 2105801 

and  this  variation  appeared  to  increase  in  proportion  as  the  middle  of  the  ocean 
wss  approached. 

This  remarkable  phenomenon,  of  the  variation  in  composition  of  the  air  above 
the  tropical  oceans,  may  doubtless  be  accounted  for,  without  any  reference  to  the 
direct  action  of  infusoria,  by  the  heating  effect  of  the  sun  on  the  sea  water  and  the 
consequent  disengagement  during  the  day  of  gas  proportionately  rich  in  carbonic 
acid  and  oxygen.  During  the  night,  on  the  other  hand,  as  this  source  of  action  is 
removed,  the  disengagement  may  be  assumed  not  to  occur;  and,  following  Lewy, 
one  may  perceive  that  this  difference  would  become  more  appreciable  and  easier  to 
trace  in  air  at  great  distances  from  any  continent  than  in  air  collected  nearer  the 
coasts,  and  consequently  liable  to  be  mixed  with  the  air  of  the  land. 

Although  the  precision  of  these  results  is  certainly  remarkable,  they  still  require 
confirmation.     The  air  was  collected  in  glass  tubes  of  about  100  cbc,  and  analyzed 


Night  (mean  of  4  expts.) 
3-459 
....       2097*412 


eighteen  or  twenty  months  after  in  the  eudiometric  apparatus  of  Regnault  and 
Keiset.  The  fact  pointed  out  by  Regnault  that  air  which  has  remained  for  any 
great  length  of  time  in  glass  tubes  invariably  exhibits  notable  diminutions  in  the 
amount  of  carbonic  acid,  since  the  glass  absorbs  a  portion  of  this  gas  ;  and  the 
difficulty  generally  experienced  in  accurately  noting  contractions  so  minute  as  the 
absorption  of  the  carbonic  acid  from  a  small  volume  of  atmospheric  air — are  circum- 
stances which  may  possibly  influence  the  reliability  of  the  results. 

The  kind  permission  of  the  Honourable  Board  of  Trinity  House  has  enabled  me 
during  the  vacation  of  last  summer  to  make  some  additional  experiments  in  this 
direction  on  board  the  "Bahama  Bank"  Light-vessel,  situated  in  the  Irish  Sea, 
latitude  54°  21'  and  longitude  4°  11',  seven  miles  W.N.W.  of  Ramsey,  Isle  of 
Man,  and  consequently  nearly  equidistant  from  the  nearest  shores  of  England, 
Scotland,  and  Ireland.  The  ship  is  placed  to  mark  the  proximity  of  a  dangerous 
bank,  by  which,  for  the  greater  part  of  the  day,  a  strong  current,  setting  in  from 
the  southward,  flows  through  the  North  Channel  and  thence  into  the  Atlantic. 

These  experiments  were  made  in  the  early  part  of  August,  at  the  same  periods  of 
the  twenty-four  hours,  namely,  about  4  a.m.  and  4  p.m.,  or  nearly  the  times  of 
minimum  and  maximum  temperature. 

Pettenkofer's  method  of  analysis  was  adopted,  with  the  improvements  in  the 
practical  details  suggested  by  Angus  Smith.  This  method  is  in  principle  similar  to 
the  one  adopted  by  Watson  and  Emmet,  but  admits  of  far  more  delicacy  and  pre- 
cision in  practice.  Baryta  is  substituted  for  lime  water,  and  oxalic  for  sulphuric 
acid.  The  solution  of  oxalic  acid  for  these  experiments  was  made  so  that  one  cubic 
centimetre  of  it  corresponded  to  one  milligramme  of  carbonic  acid ;  it  thus  contained 
2'864  grms.  of  pure  crystallized  oxalic  acid  per  litre.  Twenty-five  cubic  centimetres 
of  the  baryta  solution  were  originally  made  to  correspond  to  about  twenty-eight  of 
oxalic  acid;  but  of  course  the  exact  strength  of  the  baryta  water  was  ascertained 
previous  to  each  experiment.  The  bottles  were  generally  filled  with  the  air  by 
means  of  the  bellows,  but  sometimes  when  the  wind  was  strong  it  sufficed  to  hold 
them  up  for  a  minute  or  two  in  such  a  manner  that  the  air  could  circulate  freely 
within.  The  baryta  water  remained  in  contact  with  the  inclosed  air  for  three-quar- 
ters of  an  hour  to  one  hour,  during  which  time  the  bottles  were  frequently  agitated. 
Although  even  this  is  longer  perhaps  than  is  actually  required  fur  the  complete 
absorption  of  the  carbonic  acid,  still,  for  the  sake  of  conclusiveness,  in  Experiment 
4  the  bottles  were  allowed  to  stand  for  three  hours,  and  in  Experiment  13  for 
six  hours,  before  the  solutions  were  tested.  The  capacities  of  the  two  bottles 
which  served  for  all  the  experiments  were  4815  cbc.  and  4960  cbc.  The  burette 
was  Mohr's  modification,  for  which  a  table  of  calibration  had  been  constructed  by 
weighing  and  interpolating  in  the  ordinary  way. 

The  fact  that  the  various  meteorological  changes  influence  to  such  a  remarkable 
extent  the  nature  and  amount  of  the  gases  dissolved  in  sea  water  renders  it  neces- 
sary, in  any  investigation  on  the  constitution  of  the  atmosphere  over  the  sea,  to 
take  particular  account  of  these  changes.  Accordingly  the  temperature,  pressure, 
and  degree  of  humidity  of  the  air;  direction  and  force  (estimated — Beaufort's 
system)  of  wind;  amount  (estimated — overcast  =  10)  and  nature  of  clouds,  and 
general  appearance  of  the  day,  together  with  the  temperature  of  the  sea  water  and 
amount  of  sea  disturbance  (1  to  9) — were  noted  at  the  time  of  each  experiment. 

The  following  table  shows  the  results  of  these  observations,  together  with  the 
amount,  in  volumes,  of  the  carbonic  acid  in  10,000  volumes  of  air.  All  the  experi- 
ments which  were  made  are  here  given.  The  hours  of  observation,  as  before  stated, 
were  4  a.m.  and  4  p.m. 
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No. 

Aug. 
1865. 

Night 
or 

Bur. 
Mm. 

Temp,  of  Air. 

Temp,  of 
Sea. 

Direction  and  Force 
of  Wind. 

Sea 
Distrl). 

Amount  and  Nature  of 
Clouds. 

Carbonic  Acid. 

Remarks. 

D.  Bulb. 

W.  Bulb. 

(1  to  9). 

(Overcast  =  10.) 

1st  Ex. 

2nd  Ex. 

1 

4  th 

D. 

702-5 

16-4°  C. 

11-1°C. 

16-0°  O. 

N.W.  by.  W.  v.  light 

calm 

cirrus 

1 

2-66 

3-07 

Day  very  fine  and  clear. 

2 

4th 

N. 

762-0 

13-9 

12-9 

150 

S.W.  by  S.  light  breeze 

1 

cirro-cumuli 

9 

2-92 

305 

3 

5  th 

D. 

761-2 

16-1 

14-4 

150 

S.W.  by  S.  light  breeze 

1 

cirro-cumuli 

9 

308 

3-21 

Not  much  sun 

4 

6th 

N. 

753-4 

14-2 

13-3 

150 

S.W.  by  W.  light 

1 

cirro-cumuli 

9 

3-30 

3-22 

Baryta  water  exposed  3  h. 

5 

7th 

D. 

757'5 

17-2 

15-1 

15-6 

N.W.  light 

1 

cirro-cumuli 

6 

3-20 

3-15 

Sunny,  very  fine. 

6 

7th 

N. 

760-2 

13-6 

12-2 

150 

N.N.W.  moderate 

3 

cirro-cumuli 

8 

3-06 

3-19 

t 

8th 

D. 

761-0 

18-3 

13-1 

160 

N.N.W.  light  breeze 

1 

cirrus 

1 

3-32 

302 

Fine  and  sunny. 

8 

8th 

N. 

758-7 

13-3 

12-2 

15-0 

S.W.  by  W.  light  br. 

1 

cirrus 

7 

2-93 

310 

9 

9th 

D. 

756-4 

15-0 

— 

15-0 

S.  by  W.  moderate 

1 

cirro-cumuli 

7 

3-09 

3  23 

Ruin. 

10 

10th 

D. 

749-3 

15-0 

13-9 

14-5 

S.  by  W.  fresh 

4 

nimbus 

9 

311 

311 

Very  wet,  rain  all  day. 

11 

11th 

N. 

750-5 

13-4 

11-9 

14-5 

S.W.  by  W.  strong 

5 

nimb.  and  cirro-cum. 

7 

309 

310 

)  Very  windy  and  much  rain 

12 

16th 

D. 

752  3 

14-7 

12-8 

15-0 

N.W.  by  W.  light 

2 

cirro-stratus 

8 

2-93 

2-95 

)   from  the  11th  to  the  1 6th. 

13 

16th 

N. 

753-1 

13-9 

12-8 

15-0 

W.S.W.  fresh 

4 

cirro-stratus 

9 

312 

2-94 

Baryta  water  exposed  6  h. 

Day  Mean  o 
Niiht      " 

f  14  Deter 
12 

3086 
3-085 

In  comparing  these  results  with  the  following  determinations  of  the  carbonic  acid 
contained  in  land  air,  it  is  seen  that  the  air  of  the  Irish  Sea  contains  a  much  smaller 
proportion  of  carbonic  acid  than  the  air  of  the  neighbouring  land.  The  most  exten- 
sive observations  on  the  land  air  have  given  as  means: — 

Vols,  in 
Observer.                              Locality.               No.  of  Expts.      10,000  of  air. 
Theodore  do  Saussure,    Chambeisy, 104     4-15 


Boussingault, Paris,  142 

Verver, Groningen, 90 

Roscoe,  1st  series,    ...     London  and  Manchester,...      108 

"       2nd  series,  ...     Manchester, 53 

Smith, Do.         200 

General  mean  of  land  air, , 


3*97 
4-20 
3-97 
3-92 
4-03 
4-04 
Mean  of  26  experiments  on  sea  air, 3086 


It  would  also  appear  that  no  difference  is  discernible  in  the  amount  of  carbonic 
acid  in  the  air  of  day  and  night  over  the  Irish  Sea.  On  the  other  hand,  from 
Saussure's  observations  a  decided  difference  may  be  traced  between  day  and  night 
air  on  the  land — a  conclusion  subsequently  confirmed  by  several  experimenters. 

In  noting  the  above  mean,  3  -08,  and  the  apparent  identity  in  the  amount  of  car- 
bonic acid  in  the  air  of  day  and  night  over  the  sea,  it  should  be  borne  in  mind  that 
July  and  August  are,  in  general,  the  hottest  periods  of  the  year  (these  months  were 
unusually  hot  this  year,  1865),  and  that,  consequently,  all  the  influences  may  be 
supposed  at  work  which  would  tend  to  increase  the  relative  amount  of  carbonic  acid, 
and  render  appreciable  any  difference  in  the  air  of  night  and  day. 

The  conclusions  therefore  to  be  drawn  from  these  experiments  are: — 

1.  That  the  influence  of  the  sea  in  our  latitudes  in  abstracting  the  carbonic  acid 
from  the  atmosphere  is  not  so  great  as  the  old  experiments  of  Vogel  and  others 
would  lead  us  to  suppose. 
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2.  That  the  sea  in  our  latitudes  does  not  act  in  increasing  the  amount  of  carbonic 
acid  in  the  air  above  the  oceau,  as  found  by  Lewy  over  the  Atlantic  near  the  equator. 

3.  That  the  differences  observed  in  the  air  of  night  and  day  by  Lewy  on  the 
Atlantic  are  not  perceptible  in  the  air  above  the  Irish  Sea. 

4.  That  in  the  month  of  August,  1865,  the  mean  quantity  of  carbonic  acid  in 
the  atmosphere  of  the  Irish  Sea  was  3  OS  in  10,000  volumes  of  air. 

In  conclusion,  I  beg  to  acknowledge  the  kind  attention  winch  I  received  from 
Captain  Temple  and  from  his  crew  during  my  stay  ou  board  his  ship. 


Ordinary  Sleeting,  November  15,  18G5. — The  following  extract  of  a  letter  from 
Thomas  Ains worth,  Esq.,  of  Cleator,  near  Whitehaven,  Corresponding  Member  of 
the  Society,  accompanying  a  copy  of  his  meteorological  observations  for  October, 
was  read,  by  Mr.  Baxendell: — 

The  great  peculiarity  of  the  season  has  been  the  very  heavy  dews  we  have  had — 
great  luxuriance  of  pasture  nourished  by  dews,  and  not  by  rain.  I  have  drawn 
Professor  Simmond's  attention  to  this  as  being  a  predisposing  cause  of  the  present 
cattle  disease.  Not  that  it  really  engenders  the  malady,  but  predisposes  the  animal 
to  take  this  peculiar  type  of  disease — my  own  experience  from  the  readings  of  my 
instruments  some  twelve  or  fourteen  years  ago  having  shown  that  disease  of  the 
same  type  attacked  my  cattle  and  destroyed  them,  and  each  time  when  the  high 
temperature  of  the  day  and  the  low  temperature  of  night  gave  us  such  heavy  dews 
as  to  render  the  herbage  quite  indigestible. 

Mr.  Baxendell  considered  it  very  probable  that  cattle  would  be  injuriously  affected 
by  feeding  on  herbage  which  had  not  been  well  washed  by  occasional  showers  of  rain. 
Dew  had  little  or  no  washing  effect,  and  it  could  not  remove  the  impurities  which 
were  deposited  upon  the  leaves  of  plants  during  long  periods  of  dry  weather.  The 
cattle  plague  is  said  to  have  had  its  origin  in  Central  Asia,  and  in  this  region  there 
is  very  little  rain,  and  the  daily  range  of  temperature  is  very  great.  The  herbage 
is  therefore  seldom  well  washed,  and,  moreover,  the  cattle  that  feed  upon  it  are 
exposed  to  frequent  and  violent  changes  of  temperature.  We  have  no  report  of  any 
cattle  plague  breaking  out  among  the  herds  on  the  pampas  of  South  America,  where 
rain  falls  more  abundantly  and  the  changes  of  temperature  are  much  less  violent. 

The  President  said  that  the  idea  of  deriving  the  cattle  plague  or  any  similar  epidemic 
from  the  organic  matter  brought  down  by  dew  was  at  least  in  harmony  with  much 
that  we  had  learnt.  The  dews  and  fogs  of  evening  over  certain  lands  were  known 
to  produce  colds,  agues,  or  fevers,  which  could  be  avoided  by  rising  to  a  certain 
height  from  the  ground.  There  seems  little  doubt  that  the  moisture  in  such  cases 
is  not  the  cause  of  disease,  but  only  the  means  of  conveyance.  These  diseases  were 
produced  by  breathing  the  impure  air.  We  know  less  of  the  effect  when  the  matter 
is  condensed  and  conveyed  into  the  stomach,  but  the  effect  of  impure  water  made 
this  use  of  it  also  suspicious.  He  was  not  aware  that  it  could  be  shown  that  in 
aggravated  cases  another  class  of  disease  might  not  be  produced.  In  Manchester 
we  can  see  the  accumulation  of  matter  taking  place  in  the  fog  to  such  an  extent 
that  it  lies  like  a  cap  over  the  whole  town,  and  so  increases  that  every  sense  is 
affected,  whilst  the  lungs  and  eyes  suffer  severely.  The  matter  in  solution  in  this 
case  is  not  putrefactive,  although  injurious,  or  it  would  probably  sweep  us  off 
instantly.  Probably  no  accumulation  of  putrefactive  matter  equal  in  amount  ever 
occurred  in  the  natural  atmosphere.  It  illustrates,  however,  the  mode  by  which  the 
emanations  of  the  soil  are  collected  in  the  atmosphere  and  presented  in  a  concen- 
trated form  for  ns  to  breathe.  He  had  for  many  weeks  collected  dew  on  a  grass 
lawn  in  a  garden,  and  from  it  had  obtained  organic  matters  unquestionably  collected 
from  surrounding  objects,  as  it  was  known  on  one  occasion  to  smeli  of  flowers.  If 
this  entered  into  putrefaction  it  would  of  course  he  unwholesome,  but  what  kind  of 
disturbance  of  health  it  would  cause  it  must  be  for  others  to  find.  The  evening  air 
of  a  rainy  country  like  this  is  less  dangerous  than  that  of  some  other  climates  where 
there  is  more  both  evaporated  and  condensed,  and  neither  wind  nor  rain  to  remove 
it.  Notwithstanding  this,  he  believed  that  more  than  the  dew  was  required, 
especially  in  northern  climes. 

The  President  also  said,  that  when  sitting  in  a  railway  carriage  with  his  friend, 
Mr.  James  Young,  of  Bathgate,  that  gentleman  observed  that  the  particles  of  dust 
which  floated  in  the  air  seemed  to  shine  with  a  metallic  lustre.  Dr.  S.  immediately 
collected  some,  and  found  that  the  larger  class  were  in  reality  rolled  plates  of  iron 
which  seemed  to  have  been  heavily  pressed  and  torn  up  from  the  surface.  Another 
and  smaller  class  were  less  brilliant,  and  when  looked  at  with  a  considerable  power 
showed  many  inequalities  of  surface  which  would  be  interesting  to  study.  Probably 
these  were  the  particles  which  were  not  torn  up,  but  rubbed  off.  The  dust  enters 
the  mouth  and  lungs,  and  has  to  be  taken  as  one  of  the  evils  of  railway  travelling, 
although  we  do  not  know  that  these  small  particles  are  worse  than  those  of  sand. 
At  any  rate,  it  is  clear  that  some  kind  of  iron  will  wear  down  more  readily  than 
others,  and  we  ought  to  have  that  which  will  wear  down  least.  By  observing  what 
takes  place  in  the  carriages  on  a  dusty  day,  every  man  may  to  some  extent  compare 
the  iron  of  different  railways.  Those  which  give  off  the  largest  pieces  in  greatest 
quantities,  are  to  that  extent  the  worst,  as  regards  health. 

A  paper  was  read  entitled  "  An  Attempt  to  refer  some  Phenomena  attending 
the  Emission  of  Light  to  Mechanical  Principles."  By  R.  B.  Clifton,  M.A.,  Professor 
of  Natural  Philosophy  in  Owen's  College. 

The  author  attempted  to  show,  by  analogical  arguments,  that  it  is  possible  to  give 
some  account  of  certain  phenomena  attending  the  emission  of  light,  by  assuming 
principles  closely  resembling,  if  not  identical  with,  those  adopted  by  Professor 
Clausius  in  his  well-known  paper  on  "The  Nature  of  the  Motion  which  we  call 
Heat."  * 

Matter  is  assumed  in  all  cases  to  have  its  atoms  grouped  together  into  molecules, 
an  assumption  which  seems  necessary  when  the  different  allotropic  states  of  certain 
substances  are  considered. 

These  molecules  are  assumed  to  be  in  motion,  and  also  the  atoms  to  be  vibrating 

in  the  molecules;  for,  whatever  may  be  the  laws  of  the  forces  which  bind  together 

the  atoms  in  the  molecules,  it  is  impossible  to  imagine  the  molecules  to  be  in  motion, 

and  to  be  subject  to  mutual  actions,  without  causing  motion  of  the  component  atoms. 

*"PhiI.  Mag.,"  vol.  xiv.,  for  1&57. 


In  solids  and  liquids  the  molecules  are  supposed  to  remain  continually  within  the 
spheres  of  action  of  neighbouring  molecules,  so  that  the  internal  motion  in  a  mole- 
cule is  never  due  to  the  undisturbed  action  of  the  interatomic  forces — the  only 
difference  between  solids  and  liquids  being  that  in  the  former  the  same  molecules  are 
constantly  neighbours,  while  in  the  latter  a  molecule  may  completely  change  its 
place  in  the  liquid,  and  also  that  in  liquids  a  molecule  may  perform  complete 
rotations  round  axes  through  its  centre  of  gravity,  while  in  solids  this  is  not 
generally  possible. 

In  a  perfect  gas  a  molecule  is  supposed  to  be  under  the  action  of  other  molecules, 
only  for  a  portion  of  time  indefinitely  small  with  respect  to  the  whole  time  of  motion, 
and  its  centre  of  gravity  describes  a  polygonal  path,  only  changing  its  direction 
of  motion  upon  the  near  approach  of  the  molecule  to  another  molecule,  or  to  a 
containing  vessel,  which  may  be  considered  as  equivalent  to  an  impact- 

In  an  imperfect  gas  a  molecule  is  supposed  to  be  under  the  action  of  other 
molecules  during  a  finite  portion  of  the  whole  time  of  motion,  this  portion  increasing 
as  the  gas  approaches  its  state  of  saturation. 

Between  the  molecules  of  a  body,  and  the  atoms  of  a  molecule,  the  luminiferous 
ether  is  supposed  to  exist. 

The  vibrations  in  the  ether  which  constitute  radiant  heat  and  light,  are  considered 
due  to  the  vibrations  of  the  atoms  in  the  molecule,  and  not  to  the  motion  of  the 
molecule  as  a  whole :  the  latter  bearing  some  such  relation  to  the  ether,  as  a  bell  or 
a  stretched  string  does  to  the  air,  the  internal  vibrations  only  in  the  two  cases  causing 
the  vibrations  in  the  surrounding  media,  which  give  rise  respectively  to  light  and 
sound. 

It  appears  obvious  that  as  the  motion  of  a  molecule  of  a  body  as  a  whole 
increases,  that  is,  as  the  temperature  rises,  the  internal  motion  in  the  molecule  also 
increases ;  considering  that  the  action  of  one  molecule  upon  another  must  be  due  to 
the  mutual  action  of  atoms,  or  to  the  interatomic  forces,  it  seems  probable  that 
the  internal  vis  viva  in  a  molecule,  to  which  the  light  is  due,  is  proportional  to  the 
vis  viva  of  the  molecule  as  a  whole,  to  which  heat  is  to  be  referred.  Thus,  as  the 
temperature  of  a  body  rises,  the  internal  vis  viva  in  the  molecules  increases,  and  the 
vis  viva  communicated  to  the  ether  also  increases;  hence  the  intensity  of  the 
vibration  in  the  ether  increases,  and  at  the  same  time  the  period  of  vibration 
diminishes,  or  waves  of  shorter  length  are  continually  produced  with  increasing 
intensity. 

Hence  as  the  temperature  of  a  body  rises  radiant  heat  is  given  off,  the  intensity 
corresponding  to  a  given  wave  length  constantly  increasing ;  at  last  then  vibrations 
in  the  ether,  with  wave  lengths  corresponding  to  the  extreme  red  of  the  spectrum, 
will  be  caused  with  sufficient  intensity  to  be  visible,  and  thus  the  body  will  begin  at 
first  to  glow  with  red  light;  as  the  temperature  still  rises,  and  vibrations  of  shorter 
and  shorter  wave  lengths  become  of  visible  intensity,  the  light  emitted  will  gradually 
change  from  red  to  white. 

From  Draper's  Law,  that  all  bodies  become  incandescent  simultaneously,  as 
well  as  from  other  considerations,  it  seems  probable  that  in  all  bodies  the  internal 
vis  viva  in  the  molecules  bears  the  same  ratio  to  the  vis  viva  of  the  molecule  as 
a  w hole- 
In  solid  and  liquid  bodies,  the  molecules  being  constantly  under  their  mutual 
actions,  and  these  actions  being  subject  to  constant  change  from  the  varying 
relative  positions  of  the  molecules,  the  atoms  cannot  assume  any  definite  periods  of 
vibration,  but  are  constantly  changing  the  time  of  vibration  ;  hence  the  vibrations 
in  the  ether  will  be  constantly,  and  with  extreme  rapidity,  changing  their  periods. 
This  change  having  apparently  no  limit,  and  the  effect  upon  the  eye  continuing  for 
a  finite  time,  light  of  all  wave  lengths  willUppear  to  be  given  off  simultaneously  by 
such  bodies  when  the  temperature  is  sufRfienHynKigh;  in  other  words,  incandescent 
solids  and  liquids  will  appear  to  give  off  white  light,  which  when  analyzed  by  a  prism 
will  yield  a  continuous  spectrum.  h. 

In  the  case  of  an  incandescent  gas  or  vapour  sufficiently  removed  from  a  state 
of  saturation  to  be  considered  perfect,  the  atoms^will  be  left  to  vibrate  under  the 
action  of  the  interatomic  forces  only,  and  will  thus  assume  periods  of  vibration  all 
included  in  a  certain  sot;  these  vibrations  will  consequently  cause  vibrations  in  the 
ether  corresponding  only  to  certain  definite  wave  lengths.  Kence  the  spectra  of 
such  incandescent  vapours  will  be  broken,  and.  consist  only  of  a  series  of  fine  lines. 

With  imperfect  gases,  or  vapours  not  far  removed  from  their  points  of  saturation, 
the  intermediate  phenomenon  of  spectra  broken,  but  consisting  of  bands,  is  to  be 
expected :  when,  however,  the  temperature  of  such  vapours  is  sufficiently  increased, 
a  change  from  spectra' consisting  of  bands  to  spectra  consisting  of  fine  lines  is  to  be 
looked  for.     This  change  has  been  observed  in  many  cases. 

When  a  solid  body  is  incandescent,  the  light  emitted  so  as  nearly  to  graze  the 
surface  may  be  considered  due  mainly  to  the  surface  molecules;  but  these  being  free 
on  the  side  of  the  surface,  but  affected  by  other  molecules  on  all  other  sides,  the 
internal  vibrations  in  these  surface  molecules,  will  have  a  bias  in  a  direction  perpen- 
dicular to  the  surface.  Thus  the'  vibrations  caused  in,  the  ether,  which  are  propa- 
gated nearly  grazing  the  surface,  will  preponderate  in  a  direction  perpendicular  to 
the  surface,  or  considering  the  vibrations  in  plane  polarized  light  to  be  perpendicular 
to  the  plane  of  polarization,  the  light  emitted  by  such  a  body,  so  as  to  pass  close  to 
its  surface,  will  be  partially  plane  polarized,  the  plane  of  polarization  being  parallel 
to  the  tangent  plane  to  the  surface  of  the  body  at  the  point  of  emission. 

In  the  case  of  an  incandescent  gas,  the  surface  molecules  are  continually  changed, 
and  as  a  molecule  may  arrive  at  the  surface  in  any  position  and  is  equally  free  on 
all  sides,,  all  trace  of  polarization  in  this  light  will  be  destroyed. 

The  fact  that  incandescent  metallic  plates  do  emit  partially  plane  polarized  light 
in  directions  nearly  grazing  the  surface,  the  plane  of  polarization  being  parallel  to 
the  surface,  and  that  incandescent  gases  emit  unpolarized  light,  has  been  observed 
by  Arago. 

As  the  molecules  at  or  near  the  surface  of  solids  or  liquids  can  cause  vibrations 
in  the  ether,  giving  rise  to  emitted  light,  it  is  to  be  expected  that,  in  some  cases  at 
least  it  will  be  possible  for  light,  if  of  sufficient  intensity,  when  incident  upon  a 
body,  to  cause  vibrations  in  the  atoms  constituting  the  molecules  near  the  surface, 
but  considering  the  difference  of  mass  of  the  atoms  of  the  body  and  of  those  of  the 
ether,  that  the  atoms  of  the  body  will  vibrate  slower  than  those  of  the  ether,  the 
actual  times  of  vibration  depending,  however,  upon  the  molecular  forces  in  the  body. 
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As  these  atomic  vibrations  will  again  affect  the  ether,  such  bodies  will  or  may 
become  luminous,  the  wave  lengths  of  the  emitted  light  being,  however,  longer  than 
those  of  the  incident  light  which  causes  the  disturbance  in  the  body. 

This  emitted  light  will  necessarily  last  some  time  after  the  incident  light  is 
removed,  for  the  vibrations  in  the  body  will  not  cease  as  soon  as  the  cause  of  dis- 
turbance is  removed ;  but  in  general  it  is  to  be  expected  that  this  emitted  light  will 
speedily  disappear,  though  cases  may  occur  in  which  it  will  continue  for  a  consider- 
able time. 

These  probable  deductions  from  the  assumed  principles  coincide  exactly  with  the 
phenomena  of  Fluorescence  and  Phosphorescence  (not  including  in  this  term  cases 
in  which  light  is  emitted  by  bodies  undergoing  slow  combustion),  all  Fluorescent 
bodies  being  Phosphorescent  for  times  of  different  though,  in  all  cases  at  present 
observed,  of  very  short  duration. 


ROYAL  SCOTTISH  SOCIETY  OF  ARTS. 


SESSION  XLV.— 1865-66. 

TriE  second  meeting  of  the  Royal  Scottish  Society  of  Arts  was  held  in  the  Society's 
Hall,  117  George  Street,  Edinburgh,  on  the  evening  of  Monday,  the  27th  November, 
at  8  o'clock— Sheriff  Hallard,  President  of  the  Society,  in  the  chair. 

The  Secretary  read  a  communication  from  Mr.  Jas.  M.  Balfour,  C.E.,  F.R.S.SA., 
Provincial  Marine  Engineer  of  Otago,  describing  a  new  form  of  platometer,  invented 
by  Mr.  Arthur  Beverley,  of  Dnnedin,  Otago.  The  instrument  is  used  for  measuring 
the  area  of  any  marked-off  portion  of  a  plan,  the  movement  of  the  arm  showing  the 
distance  on  a  scale,  marked  on  a  revolving  wheel,  at  the  head  of  the  arm.  The 
paper  set  forth  that  the  principle  of  the  new  platometer  was  a  novel  one,  and  would 
obviate  great  inconveniences  whicli  existed  in  the  use  of  such  contrivances  at  present 
employed  by  civil  engineers,  from  its  simplicity.  The  expense  of  the  invention, 
compared  with  other  inventions  for  the  same  purpose,  was  trifling.  One  of  the 
instruments  was  exhibited,  and  general  satisfaction  was  expressed  at  its  simplicity. 

ON  RENDERING  GUNPOWDER  NON-EXPLOSIVE. 

Lieut.-Colonel  J.  S.  G.  Ryley  read  the  following  paper  on  the  above  subject: — 
In  consequence  of  the  disastrous  results  caused  by  explosions  of  large  quantities 
of  gunpowder  from  time  to  time,  and  subsequently  the  awful  disaster  at  Erith  and 
other  places,  and  the  very  great  alarm  created  some  time  ago  owing  to  the  very 
large  quantity  of  gunpowder  stored  in  Edinburgh  Castle,  my  attention  has  been 
specially  turned  of  late  to  the  endeavour  to  devise  some  plan  by  which  it  might  be 
rendered  less  dangerous.  During  the  last  twelve  years  upwards  of  fifteen  serious 
explosions  have  been  recorded  in  the  public  journals,  by  which  more  than  600 
persons  have  been  killed,  and  many  thousand  persons  wounded,  and  property  to  the 
extent  of  more  than  two  millions  has  been  destroyed.  After  various  experiments, 
extending  over  a  considerable  time,  I  succeeded  in  discovering  a  most  efficacious, 
simple,  and  inexpensive  method,  which,  if  adopted  by  the  Government,  will  not  only 
save  the  enormous  expense  of  erecting  new  magazines,  but  be  the  means  of  saving 
human  life,  and  much  valuable  property,  both  public  and  private.  The  principle  of 
my  invention — the  whole  merit  of  which  is  comprised  in  tilling  up  the  interstices  of 
the  gunpowder,  and  thus  thoroughly  isolating  the  grains  witli  a  non-combustible 
medium,  which  is  required  to  be  of  very  fine  powder,  so  as  to  be  readily  and  quickly 
sifted  out  again  when  the  gunpowder  is  required  for  use — has  been  known  to  me 
for  many  years.  Whilst  I  have  recently  paid  special  attention  to  the  subject,  I 
may  state  that  for  many  years  I  have  more  or  less  devoted  myself  to  the  considera- 
tion of  various  matters  connected  with  gunpowder.  The  great  loss  experienced 
when  gunpowder  is  transported,  especially  over  the  rude  tracts  in  some  parts  of 
India,  causes  it  to  be  ground  down  to  fine  dust  at  the  bottom  of  each  barrel,  and 
thus  creates  a  very  considerable  waste  and  loss,  which  is  greatly  aided  by  the  custom 
of  allowing  "20  per  cent,  of  space  in  each  barrel,  to  permit  the  surfaces  to  be  shaken, 
and  thereby  to  preserve  the  gunpowder  from  caking  by  damp,  which  commonly 
occurs  when  packed  in  the  ordinary  way  in  barrels.  I  commenced  my  experiments 
in  rendering  gunpowder  non-explosive  before  I  left  India  in  1855,  by  mixing  it  with 
finely-powdered  wood  charcoal,  which,  though  combustible,  rendered  the  gunpowder 
far  less  dangerous,  as  it  tilled  up  the  interstices  and  caused  it  to  burn,  when  fire  was 
applied  to  it,  like  a  squib.  By  subsequent  experiments  I  found  bone-dust  far  better 
suited  to  the  purpose;  but  the  presence  of  gelatine  being  objected  to,  I  finally 
decided  on  trying  bone-ash,  to  which  I  give  the  preference.  I  communicated  my 
discovery  to  many  of  my  friends  upwards  of  a  year  ago,  among  whom  I  can 
name  Dr.  C.  W.  Eddy,  4!)  Belgrave  Road,  London,  Dr.  Stevenson  Macadam,  Edin- 
burgh, and  several  others.  My  great  desire  was  to  give  the  Government  the  full 
advantage  of  my  invention,  without  the  restriction  of  a  patent ;  and  I  requested  my 
friend  Dr.  Eddy  to  communicate  the  particulars  of  the  discovery  to  the  authorities 
at  Woolwich  and  at  the  War  Office;  and,  in  accordance  therewith,  Dr.  Eddy 
described  my  invention  to  General  Lefroy,  President  Ordnance  Select  Committee, 
at  Woolwich,  on  12th  November,  1864,  and  afterwards  to  General  Sir  J.  Burgoyne, 
President  Magazine  Committee,  on  12th  December,  1864,  at  the  War  Office.  In 
order  still  further  to  insure  that  sufficient  attention  be  paid  to  my  invention,  I 
furwarded  a  letter,  on  16th  December,  1864,  to  Captain  the  Hon.  G.  Wrottesley, 
Secretary  Magazine  Committee,  stating  to  him,  for  the  information  of  General  Sir 
J.  Burgovne,  President,  and  members  of  the  Committee  on  Magazines  then  sitting, 
that  1  had  succeeded  in  discovering  a  plan  of  storing  gunpowder  by  which  its 
explosive  power  was  reduced  to  the  lowest  degree  by  mixing  a  certain  substance 
with  it,  which  could  be  separated,  when  the  gunpowder  was  required  for  use,  without 
difficulty  and  without  the  least  possible  injury  to  the  gunpowder;  also  that,  if  fire 
be  applied  to  the  gunpowder  when  stored  agreeably  to  my  plan,  instead  of  exploding 
en  masst  in  the  usual  manner,  it  would  merely  burn  like  a  squib.  I  further  informed 
the  Magazine  Committee  that  the  invention  1  alluded  to  was  the  same  as  that  which 
had  been  laid  before  them  on  my  behalf  by  my  friend  Dr.  Eddy.  In  order  that  the 
Society  may  judge  of  the  efficacy  of  the  plan  I  propose  for  rendering  gunpowder 
non-explosive,  I  have  now  to  give  the  following  details  of  experiments  made  on 
mixtures  supplied  by  me : — 


Experiments  by  Dr.  Stevenson  Macadam,  Lecturer  on  Chemistry,  Edinburgh. 

CANNON   POWDER. 

Bone  Ash. 
or.,    oz. 
A    1  to  1— Explosive — no  powder  left. 

R     1  to  2 — Rapidly  combustible,  tending  to  explosion— few  grains  of  powder  left. 
C     1  to  3 — Partially  combustible — many  grains  of  powder  left. 

D    1  to  4 — Partially  combustible,  powder  only  fired  where  in  contact  with  red4iot  iron 
— large  number  of  particles  of  powder  left. 


Glass,  agreeably  to  Mr.  GaWs  Process. 


E    1  to  4— Similar  to  C. 

LARGE-GRAINED  BLASTING  POWDER. 

Bone  Ash. 
1  to  1 — Explosive. 

1  to  3— Rapidly  combustible,  tending  to  explosion,  leaving  a  few  grains  of  gun- 
powder. 

LARGE-GRAINED   SPORTING   RIFLE   GUNPOWDER. 

Bone  Ash. 
A  A    1  to  1 — Explosive—  no  powder  left. 

E  B    1  to  2— Itapidly  combustible,  tending  to  explosion— few  grains  of  powder  left. 
C  G     1  to  3— Partially  combustible— many  grains  of  powder  left. 

DD    1  to  4— Partially  combustible,  only  particles  fired  when  in  contact  with  red-hot 
iron — large  number  of  particles  of  powder  left. 

Glass,  agreeably  to  Mr.  Gale's  Process. 
EE     1  to  4— Partially  combustible— many  grains  of  powder  left. 

Similar  results  were  obtained  with  large-grained  blasting  gunpowder;  and,  more- 
over, a  package  of  the  gunpowder  mixed  with  bone-ash,  when  placed  in  a  furnace, 
did  not  explode.  Notwithstanding  the  success  of  my  experiments  tried  both  by 
myself  and  confirmed  by  my  friend  Dr.  Eddy  in  London,  who  tried  them  agreeably 
to  my  description  before  he  submitted  my  invention  to  General  Lefroy,  I  was 
surprised  to  find  that,  on  the  16th  January,  1865,  the  Secretary  of  State  for  War 
directed  General  St.  George,  Director  of  Ordnance,  to  inform  me  that  my  method 
"  had  been  duly  considered,  but  that  it  was  not  found  to  possess  sufficient  advantage 
to  warrant  its  adoption."  I  was  thus  led  to  believe  that  the  authorities  at  the  War 
Office  did  not  look  with  favour  on  this  or  any  similar  plan  for  protecting  the  lives 
of  the  lieges  from  disastrous  explosions;  and,  therefore,  I  was  scarcely  prepared  to 
find  that  eight  months  subsequently,  when  a  similar  process  was  submitted  by  Mr. 
Gale  to  the  War  authorities  at  Woolwich  and  elsewhere,  it  was  considered  sufficiently 
novel  and  efficacious  to  command  the  unqualified  praise  and  admiration  of  the 
Secretary  of  State  for  War,  who  witnessed  it  at  Wimbledon,  and  marked  his  appro- 
bation of  the  same  by  having  it  re-exhibited  at  his  express  desire  before  the  Ordnance 
Select  Committee  at  Woolwich.  Moreover,  the  leading  journals  of  the  day,  in  July 
and  August,  1865,  noticed  the  exhibition  of  the  non-explosive  gunpowder  as  an 
invention  of  the  very  highest  importance ;  and  one  of  them  spoke  of  it  as  one  of 
the  wonders  of  the  present  age — indeed,  the  experiments  were  witnessed  and  praised 
by  Royalty  itself.  Mr.  Gale's  process  was  covered  by  a  provisional  protection  patent 
for  six  months,  which  was  taken  out  and  bears  date  14th  July,  1865,  and  is  num- 
bered No.  1679,  being  eight  months  after  Dr.  Eddy  had  communicated  my  method  to 
the  War  authorities.  Finding  that  all  the  credit  of  the  invention  was  given  to  Mr. 
Gale  as  the  discoverer  of  the  identical  plan  originally  proposed  by  me,  1  again  com- 
municated with  the  War  Office  authorities  On  7th  October,  claiming  priority ;  but  was 
surprised  to  find,  instead  of  the  Secretary  of  State  for  War  acknowledging  my  right 
by  complying  with  my  reasonable  request,  that  he  altogether  evaded  it  by  directing 
me  to  be  informed,  in  reply,  that  "  neither  the  plan  proposed  by  me  nor  that  brought 
forward  by  Mr.  Gale,  for  rendering  gunpowder  non-explosive,  possessed  any  novelty, 
experiments  having  been  made  for  testing  the  value  of  similar  proposals  in  the  year 
1848."  I  am  certainly  not  aware  of  any  experiments  having  been  made  in  1848. 
There  are  no  records  of  any  such  in  any  of  the  public  journals  of  that  year  that  I 
am  aware  of;  but,  on  the  contrary,  the  fact  that  all  the  leading  papers  of  July  and 
August,  1865,  spoke  of  what  Mr.  Gale  then  exhibited  as  not  only  a  novelty,  but 
designated  him  as  the  "inventor"  and  the  "discoverer"  of  the  process,  proved 
beyond  the  shadow  of  a  doubt  that  the  experiments  alluded  to  as  having  been  tried 
seventeen  years  ago  had  never  been  made  public,  but  remained  all  that  time  an 
official  secret,  not  even  known  to  the  Secretary  of  State  for  War  himself!  Perhaps 
the  process  of  protecting  gunpowder  said  to  have  been  proposed  in  the  memorable 
year  1848,  when  nearly  the  whole  of  Europe  was  in  a  revolutionary  state,  and 
Chartists  were  swarming  in  the  streets  of  London  itself,  may  have  been  regarded  in 
the  light  of  a  very  grave  practical  joke.  Having  thus  clearly  established,  by  the 
infallible  evidence  of  documentary  facts  and  dates,  my  priority  in  regard  to  the 
novelty  of  rendering  gunpowder  non-explosive  by  mingling  it  with  a  medium  which 
isolates  the  grains,  and  thus  interrupts  communication  between  the  particles  when 
brought  in  contact  with  fire,  I  may,  in  conclusion,  state  that  the  material  I  use  is 
much  better  qualified  for  the  purpose  than  what  Mr.  Gale  proposes  to  use.  The 
particles  of  glass  used  by  Mr.  Gale  are  hard  and  gritty,  and  will  necessarily  tend  to 
grind  and  rub  down  the  grains  of  gunpowder ;  whilst  the  difference  in  the  specific 
gravity  of  the  gunpowder  and  glass  renders  it  easy  for  the  particles  of  gunpowder 
to  separate  from  the  protective  agent  by  mere  agitation.  On  the  other  hand,  the 
bone-ash  I  use  is  comparatively  soft,  possesses  no  angular  corners,  and  is  thus 
incapable  of  grinding  and  injuring  the  grains  of  gunpowder;  whilst  at  the  same 
time  the  specific  gravities  of  bone-ash  and  gunpowder  are  so  nearly  alike,  that 
agitation  of  the  gunpowder  protected  by  it  does  not  tend  to  separate  the  gunpowder 
from  the  protective  agent.  I  further  beg  to  state  that  I  have  some  gunpowder 
which  has  been  mixed  with  bone-ash  since  December  last,  which,  on  being  separated 
from  the  same,  was  tried  in  an  eprouvette,  and  found  to  be  as  good  as  when  first 
mixed.  In  my  opinion,  the  necessity  for  rendering  gunpowder  non-explosive  is 
imperative;  and  the  invention  which  I  have  thus  laid  before  the  Society  will,  I 
believe,  fully  and  satisfactorily  supply  the  want  which  the  inhabitants  of  these 
densely  populated  islands  undoubtedly  demand.  Should  my  method  for  rendering 
gunpowder  safe  be  adopted,  our  magazines  might  be  heated  by  flues,  and  thus  be 
rendered  secure  against  damp,  and  thus  obviate  an  evil  against  which  there  is  at 
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present  no  effectual  remedy.  This  plan  will  not  involve  any  great  outlay,  certainly 
not  equal  to  the  loss  at  present  sustained  through  unavoidable  damp  in  our  very 
variable  climate. 

After  Colonel  Ryley  had  concluded,  Pr.  Stevenson  Macadam,  lecturer  on  Chemis- 
trv,  conducted  various  experiments  showing  the  entire  success  of  bone-ash  in  rendering 
gunpowder  non-explosive.  He  also  illustrated  by  experiment  Mr  Gale's  process 
with  ground  glass,  and  compared  the  process  with  Colonel  Eyley's,  showing  the 
results  given  in  the  above  details. 

After  a  short  conversation  the  paper  was  remitted  to  a  committee. 


MONTHLY      NOTES. 


The  Kusso-Amekican  Telegraph  — The  fleet  of  vessels  belonging  to  the 
Western  Union  Extension  Telegraph  Company  are  in  the  North  Pacific  Ocean, 
laden  with  structural  material  and  a  corps  of  officers  and  men  to  explore  the  vast 
region  of  country  through  which  the  telegraph  line  is  soon  to  pass.  The  fleet  will 
separate  for  different  ports  along  the  coast  of  Siberia  and  Russian  America.  One 
vessel  on  her  way  to  Behring's  Straits  will  stop  at  the  mouth  of  the  Kvichpak, 
which  is  a  great  river  with  a  delta  100  miles  in  width,  reaching  from  61°  30' 
to  63°.  Here  a  party,  under  command  of  Major  Kennicott,  will  disembark  and 
make  explorations  along  the  coast  of  that  river,  which  has  never  yet  been  thoroughly 
explored,  though  it  was  attempted  some  fifteen  or  twenty  years  ago  by  a  party  of 
Russians.  Major  Kennicott  is  well  acquainted  with  the  Youcan  Kiver,  into  which 
the  Pelly  River  (of  British  America)  enters,  and  which  is  supposed  to  join  the 
Kvichpak;  and  while  M:ijor  Kennicott  ascends  the  Kvichpak,  Major  Pope  is  to 
ascend  the  Frazer  River,  and  explore  to  the  Pelly  and  Youcan,  where  the  two 
parties  are  to  meet.  Major  Pope  and  party  started  in  May,  and  are  now  far  into 
the  interior.  A  land  party  of  engineers  and  explorers  will  be  landed  at  the  mouth 
of  the  Anadyr  River,  in  lat.  65°,  in  Siberia,  who  will  ascend  that  river  and  explore 
through  that  section  of  country,  where  they  will  meet  a  company  of  explorers  from 
the  Amoor  River,  under  command  of  Major  Abasa,  who  is  to  attend  the  construc- 
tion of  the  line  from  Nicolaieffski  to  Petropaulowski.  Colonel  Bulkley  will 
probably  examine  the  Gulf  of  Anadyr,  which  lies  immediately  south  of  Behring's 
Straits,  for  the  purpose  of  ascertaining  the  most  desirable  location  for  laying  the 
submarine  cable.  The  width  of  the  gulf  in  lat.  62°  is  400  miles,  bnt  there  is  an 
island  in  the  middle;  so  that  the  greatest  stretch  of  the  cable  would  be  about  250 
miles,  which  distance  is  much  shorter  than  the  submarine  cable  between  Varna  and 
Balaklava,  which  was  laid  in  1855  (a  distance  of  340  miles),  and  has  been  in  suc- 
cessful operation  ever  since.  The  work  of  the  construction  and  laying  of  the  wires 
of  the  Western  Union  Extension  has  been  progressing  with  great  rapidity  along 
through  the  Frazer  River  Valley,  and  it  has  been  rapidly  pushed  forward  under  the 
supervision  of  Captain  Conway.  Sitka,  or  New  Archangel,  the  capital  of  Russian 
America,  is  situated  on  Barnov  Island,  in  lat.  57°,  and  contains  a  population  of 
about  600  inhabitants.  The  town  is  romantically  located  at  the  base  of  a  range  of 
high  mountains,  which  extend  the  length  of  this  island,  at  the  end  of  which  is 
situated  Mount  Edgecomb,  a  volcano.  These  mountains  are  densely  covered 
with  timber  of  the  fir  and  spruce  species,  and  grow  from  50  to  200  feet  in 
height,  so  closely  together  as  to  render  them  almost  impossible  of  ascent.  It 
has  since  been  ascertained  that  Colonel  Bulkley  and  party  arrived  at  Plover 
Bay  in  September,  having  sounded  across  Behring's  Straits.  The  bottom  of 
the  Straits  was  found  quite  as  favourable  as  anticipated  for  the  laying  of  the 
cable.  Colonel  Bulkley  reports  that  the  river  laid  down  on  the  map  as  the  Kvich- 
pak is  identical  with  the  Youcan,  and  is  navigable  for  small  steamers  as  far  as 
English  Fork.  Mr.  Kennicott,  with  the  party  sent  to  explore  the  Youcan  to 
New  Westminster,  British  Columbia,  was  left  at  Fort  St.  Michael's.  They  will  go 
up  the  Yoncan  and  Kvichpak  in  a  small  steamer,  the  Lizzie  Homer,  which  is 
but  35  feet  long.  They  will  proceed  to  the  head  of  navigation  and  then  across, 
with  reindeer  or  on  foot,  over  the  ice  and  snow,  until  they  strike  the  settlements  in 
British  Columbia.  Colonel  Bulkley's  party  found  the  earth  on  the  American  side 
thawed  to  an  average  depth  of  ten  inches,  but  frozen  solid  below  to  an  unknown 
depth,  on  their  arrival  in  September.  The  country  on  the  American  shore  was 
rolling  and  broken,  but  not  high,  and  was  destitute  of  timber.  Grantbv  Harbour 
was  found  to  be  the  best  for  landing  the  cable  on  the  American  side;  it  is  a  safe 
harbour,  with  good  mud  bottom.  From  this  point  soundings  were  made  across  to 
the  entrance  of  St.  Lawrence  Bay.  The  bottom  was  found  to  be  very  favourable 
for  the  laying  of  the  telegraphic  cable,  as  it  is  shallow,  and  exposed  to  the  south- 
east gales.  Machigne  Bay  was  found  full  of  ice.  Pintman  Bay  was  found  to  he  a 
good  harbour,  well  suited  for  landing  the  cable.  The  Asiatic  coast  was  found 
entirely  destitute  of  timber,  and  more  mountainous  than  the  American.  The 
ground  was  found  thawed  to  a  depth  of  nearly  30  inches,  and  frozen  solid  below 
that.  When  the  Palmetto  left  ice  was  forming  constantly.  The  north-west  wind 
was  bitterly  cold,  and  winter  was  fast  approaching.  The  party  found  the  Indians 
on  both  sides  of  the  Straits  well  disposed,  and  capable  of  being  made  useful  to  the 
enterprise.  The  scenery  in  many  places  visited  was  magnificent,  and  much  that 
was  strange  and  new  was  witnessed  by  the  party.  The  floating  ice  coming  through 
Behring's  Straits  was  alive  with  walrus,  which  appeared  to  be  taking  a  dead-head 
summer  trip  to  the  south-west.  Colonel  Bulkley,  in  closing  his  official  report  to 
the  officers  of  the  company,  concludes  as  follows: — "The  telegraph  can  and  will  be 
built;  nothing  in  this  highest  latitude  to  prevent,  nor  are  the  difficulties  so  great  as 
supposed." 

The  Water  Pipes  of  Pap.is. — The  original  water  pipes  of  this  city  are  being 
replaced  by  others  of  larger  bore.  At  present  the  change  is  being  carried  out  on 
the  Pont  au  Change  and  the  Pont  St.  Michael.  Openings  or  gutters  are  cut,  the 
pipes  united  and  inclosed  under  flags  or  paving-stones,  and  covered  with  cement. 
In  the  sewer  along  the  Boulevard  du  Palais,  the  water  pipes  are  hud  in  the  sewers, 
and  as  soon  as  the  subterranean  arterial  system  of  Paris  is  complete,  the  sewers 
are  intended  to  contain  not  only  the  water  pipes,  but  the  gas  pipes,  as  well  as  the 
telegraph  wires. 


Retardation  op  Ebullition. — It  has  been  found  that  if  the  vessels  in 

which  solutions  having  a  high  boiling  point  are  evaporated  are  surrounded  with 
asbestos — that  which  is  so  short  as  to  be  of  little  use  for  other  purposes  will 
answer  for  this — the  ebullition  will  proceed  quietly  and  regularly.  The  asbestos 
bath  has  been  found  most  useful  in  fractional  distillation,  and  with  liquids  which 
boil  in  a  fitful  manner. 

Rotatory  Steam  Hammer. — A  very  ingenious  application  of  the  long  known 
rotatory  steam  engine  has  lately  been  introduced  by  Mr.  James  Muuro,  of  Holy- 
town,  nearGlasgow.  Fig, 

1  of  the  engravings  is  a  r — "     — \  Fig,  1. 

side  elevation  of  the 
hammer;  fig.  2  a  plan; 
and  figs.  3  and  4  are 
longitudinal  and  trans- 
verse sections  of  the 
cylinder,  showing  the 
arrangement  of  the  pis- 
ton and  valves  by  which 
the  steam  isndmittedand 
exhausted.  In  figs.  1, 
2,  3,  and  4,  the  part 
marked  A  is  the  cylinder, 
in  the  interior  of  which 
the  rotatory  piston,  n, 
figs.  3  and  4,  partially 
revolves,  the  steam  being 
admitted  through  the 
pipe,  c,  fig.  2,  and  ex- 
hausting at  D.  A  pecu- 
liarity in  this  hammer 
consists  in  the  mode  of 
arranging  the  admission 
and  exhaust  of  the 
steam;  this  is  effected 
as  follows:  —  After  the 
steam  has  been  admitted 
through  the  pipe,  c,  it 
passes  thence  through 
the  opening,  a,  into  that 
side  of  the  piston  which 
has  to  be  either  raised  or 
depressed,  as  the  case 
may  be;  in  fig.  3  the 
valve  and  opening,  a,  are 
shown  in  position  to 
raise  the  hammer  after 
the  completion  of  the 
downward  stroke.  Whilst 
the  opening,   a,   of  the 

valve  is  admitting  steam  to  one  side  of  the  piston,  the  steam  from  the  other  side 
exhausts  through  one  of  the  ports,  b  or  c,  into  the  annular  chamber,  e,  whence  it 
passes  directly  into  the  exhaust  pipe,  D.  On  referring  to  fig.  1  it  will  be  seen  that 
the  limits  of  the  movement  of 

Fig.  3. 


Fig.  4. 


the  hammer  are  between  an 
angle  of  90°  and  no  motion 
at  all — thus  a  large  range  of 
percussive  action  is  obtained, 
the  force  of  the  blow  of  course 
varying  with  the  distance  and 
velocity  through  which  the 
hammer  falls.  In  starting  the 
hammer  it  is  merely  neces- 
sary to  raise  the  lever,  e,  by 
which  the  steam  is  admitted 
between  the  fixed  ram  and  one  side  of  the  piston,  B ;  the  upward  movement  of 
the  hammer  shaft,  catches,  by  means  of  the  stops  on  the  lever,  e,  at  suitable  points 
in  the  upward  and  downward  stroke,  and  thus  the  requisite  lead  for  the  admission 
is  secured.  We  need  scarcely  add  that  the  adaptation  of  this  hammer,  to  which 
we  have  but  so  briefly  alluded,  is  likely  to  a  considerable  extent  to  supersede  the 
blacksmith's  universal  companion,  his  striker,  or  hammerman — we  mention  this  as 
the  first  impression  on  our  own  mind  as  to  its  varied  powers  of  adaptation.  It  is 
not  yet  arranged  to  strike  a  side  or  oblique  blow,  but  even  this  may  be  done. 

Unusual  Discovery. — A  specimen  of  virgin  gold  has  been  discovered  in  a 
tin  stream  in  Cornwall.  It  measures  nearly  3  inches  in  length  and  '2\  inches  in 
diameter,  and  weighs  rather  more  than  two  ounces. 

Manganese  Ores  in  Nova  Scotia. —  It  appears  from  a  paper  just  published 
by  Professor  Howe  in  the  Transactions  of  the  Institute  of  Natural  Science  for 
Nova  Scotia,  that  a  very  pure  pyrolusite,  containing  from  84  to  as  much  as  97 
per  cent,  of  binoxide  of  manganese,  with  frequently  not  more  than  0'5  per  cent,  of 
oxide  of  iron,  occurs  in  considerable  abundance  in  that  province.  Apart  from  what 
is  used  in  steel-making,  and  other  branches  of  the  iron  manufacture,  there  are  now 
consumed  annually  in  Great  Britain  somewhere  between  40,001)  and  50,000  tons 
of  manganese  ores,  the  majority  of  which  do  not  contain  more  than  from  70  to  75 
per  cent,  of  manganic  oxide,  and  are  largely  admixed  with  oxide  of  iron.  To  the 
bleaching-powder  manufacturers,  who  are  by  far  the  largest  consumers  of  manganese 
ores,  obtaining  their  chlorine  by  the  decomposition  of  hydrochloric  acid  by  the 
binoxide  of  manganese,  the  association  of  oxide  of  iron  with  the  manganic  oxide 
does  not  matter  very  much,  but  to  glass  makers  it  is  of  great  importance  that  the 
binoxide  of  manganese  they  use  should  be  as  free  from  iron  as  possible.  To  them 
these  Nova  Scotian  ores,  so  much  freer  from  iron  than  any  yet  found  in  Europe, 
will  be  a  great  boon. 
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Zirconium. — Dr.  Phipson,  who  discovered  that  the  silicic  and  boracic  acids, 
fused  with  magnesium,  readily  yield  their  silicium  and  boron,  has  recently  found 
that  zirconium  can  be  procured  from  its  oxide,  just  as  easily  by  the  same  means, 
the  reduction  taking  place  at  the  moment  at  which  the  magnesium  fuses.  The 
zirconium  is  separated  from  the'  residue  in  the  form  of  a  velvet  black  powder,  by 
dissolving  out  the  magnesia  with  hydrochloric  acid.  Titanium  may  be  reduced  in 
the  same  way.  But  with  this  process  silicium  and  titanium  may  sometimes  form 
gases,  by  combining  with  hydrogen — which  never  occurs  with  boron  or  zirconium. 
Considerable  quantities  of  these  elements  may  be  thus  obtained  by  means  of 
magnesium. 

Use  of  Concrete  in  Arches. — Hitherto,  when  concrete  has  been  applied  in 
construction,  it  has  usually  been  in  the  form  of  blocks,  so  as  to  resemble  stone  as 
ordinarily  used.  It  is  employed  in  the  vaultings  of  a  new  barrack,  which  is  being 
erected  in  Paris,  in  a  different  way.  The  span  is  thirteen  feet,  and  the  concrete  is 
spread  over  the  centering,  and  very  carefully  beaten  down,  being  two  feet  thick  at 
the  spring,  and  ten  inches  at  the  crown.  The  exact  composition  of  the  material 
used  is  not  known;  but  it  affords  a  very  strong  vaulting,  which  may  be  whitened 
underneath  at  once,  without  plastering. 

Expansion  Ferrule  and  Cap  for  Repairing  Boiler  Tubes. — Fig.  1  of 
the  annexed  illustrations  represents  a  longitudinal  section,  and  fig.  2  a  transverse 
section,  of  an  expansion  ferrule  and  cap  for  repairing  boiler  tubes,  invented  by 
Messrs.  Savery  &  Stuart,  of  New  York,  U.S.A.  This  invention  is  intended  to 
supply  a  want  long  felt  by  engineers  using  tubular  boilers.  All  tubular  boilers,  no 
matter  of  what  construction,  are  liable  to  leaks  where  the  tubes  are  secured  to  the 
tube-plates;  new  boilers  frequently  have  this  defect  from  bad  workmanship  or  iron, 
and  in  consequence  the  tubes  have  had  to  be  cut  out  and  replaced  by  new  ones, 
although  perfectly  sound  and  in  all  respects  as  good  as  those  that  replace  them. 
The  cost  of  taking  out  old  tubes  and  putting  in  new  ones  is,  on  the  lowest  calcula- 
tion, 50  per  cent,  more  than  the  first  cost  of  tubing  a  new  boiler;  and,  when  done, 
it  will  not  last  many  months,  owing  to  the  tube-plates  having  been  corroded  and 
eaten  away  by  the  previous  leakage  of  the  tubes.  What  is  claimed  for  this  inven- 
tion is  that  it  will  take  the  place  of  new  tubing  the  boiler,  and  wear  a  longer  time, 
and  then  can  be  taken  out  and  used  for  other  tubes.  As  a  matter  of  economy, 
engineers  and  owners  of  steamships,  or,  in  fact,  any  one  owning  or  running  a 
tubular  boiler,  will  readily  see  the  advantages  of  using  them — first,  where  time  is 


Fig.  1. 


Fig.  2. 


an  object,  as  they  can  be  adjusted  on  a  boiler  in  a  few  minutes;  and  secondly,  cost, 
they  being  less  tban  a  fourth  the  cost  of  new  tubes.  They  also  act  as  a  brace  for 
a  tube-plate,  by  drawing  the  tube  back  into  place  and  holding  it  secure,  as  will  be 
seen  by  reference  to  the  cuts  and  the  following  explanations: — a  is  the  tube-plate, 
D  the  tube,  and  c  a  split  ring  or  ferrule,  d  a  wedge  driven  therein  to  expand  the 
same,  and  E  a  cap  which  bears  against  the  tube-plate,  and  is  secured  to  the  ring, 
C,  by  the  bolts,  a  a,  which  bolts  pass  through  lugs,  b  6,  formed  on  the  interior  of 
the  ring  or  ferrule,  c.  For  preventing  the  ring  from  slipping  out  of  the  tube,  it  is 
provided  with  a  head  that  grasps  the  tube  immediately  behind  the  tube-plate,  and 
on  the  application  of  the  wedge,  d,  the  tnbe  is  expanded  in  the  tube-plate.  By 
screwing  up  the  nuts  on  the  bolts,  a  a,  the  tube  can  be  drawn  forcibly  into  the 
tuhe-plate,  thereby  forming  a  thorough  brace,  and  at  the  same  time  stopping  the 
leak.  An  expanding  split  ring  is  also  proposed  for  stopping  a  leak  occurring  in  the 
middle  of  a  tube,  the  ring  consisting  simply  of  a  slotted  or  split  cylinder,  which  is 
first  passed  into  the  defective  tube  so  as  to  cover  the  leak,  and  is  then  expanded 
or  tightened  in  its  place  by  driving  a  wedge  into  the  split  in  the  cylinder. — 
American  Art  htm. 

A  Steam  Fire-Engink  fob  Liverpool. — Messrs.  Merryweather  &  Son,  of 
Long  Acre,  have  recently  supplied  a  new  steam  fire-engine  for  the  Liverpool  Fire 
Brigade.  The  engine,  which  is  named  the  "Clint,*'  is  constructed  on  the  same 
principle  as  the  "Sutherland,"  which  gained  the  first  grand  prize  at  the  inter- 
national competition  of  steam  fire-engines,  held  at  the  Crystal  Palace,  London,  in 
July,  1803.  It  has  double  cylinders,  each  being  Cf  inches  in  diameter,  and  18 
incbes  stroke,  placed  horizontally  on  the  frame.  At  the  trial  made  in  London  steam 
was  raised  to  100  lbs.  pressure  in  eight  minutes  from  the  time  of  lighting  the  fire, 
and  projected  a  1^-inch  stream  to  a  distance  of  216  feet  from  the  nozzle,  and  a 
lj-ineh  jet  178  feet.  The  quantity  of  water  pumped  per  minute,  accurately 
measured,  was  434  gallons.  The  engine  is  very  light,  and  can  be  easily  drawn 
about  by  a  pair  of  horses.  It  has  convenience  for  carrying  firemen,  hose,  coals,  &c., 
and  will  discbarge  four  excellent  streams  of  water,  which  can  be  again  divided  into 
a  greater  number  when  required.  It  is  estimated  that  the  cost  of  working  the 
"Clint'1  will  not  exceed  sixpence  per  hour.  At  the  trial  in  Liverpool  it  was  much 
admired  for  its  steadiness  whilst  working,  and  also  for  its  capability  of  throwing  an 
immense  volume  of  water  at  a  great  height.  Steam  was  raised  to  70  lbs.  pressure 
in  nine  minutes  from  the  time  of  lighting  the  fire,  and  an  inch  and  a  half  stream 
of  water  was  projected  from  the  nozzle  a  height  of  about  120  or  130  feet;  and  a 
stream  rather  smaller  in  sue  seemed  to  reach  about  150  feet  high.  The  wind 
being  high  was  against  throwing  vertical  jets.  The  test  was  in  every  respect 
satisfactory.  The  trial,  which  was  conducted  by  Mr.  Merryweather,  lasted  over 
half  an  hour.     We  understand  that  the  cost  of  the  engine  is  about  £600. 


Krupp's  Stei;l  Tires. — Mr.  Thomas  Prosser,  Krupp's  agent  in  America,  has 
issued  a  pamphlet,  from  which  we  make  the  following  extract: — "Mr.  Winslow 
(master-mechanic  of  the  Housatonic  Railway)  states  that  the  Reindeer,  weighing 
45,054  lbs.,  ran  72,483  miles,  with  an  average  wear  by  abrasion  of  3'1G  inch,  on  a 
set  of  four  of  Krupp's  cast-steel  tires.  These  wheel  tires,  which  were  57-7o  inches 
diameter  when  they  commenced  running,  were  57*375  inches  diameter  when  they 
had  run  these  72,483  miles;  the  average  width  of  the  wear  of  each  tire  was  2^-, 
which  gives  87  lbs.=  l*49  lb.  per  thousand  miles  for  a  25-ton  engine,  a*s  the 
amount  of  wear  by  abrasion  only.  The  wear  by  abrasion  of  the  puddled  steel  tires 
on  the  Ijuxemburgy  we  have  seen,  was  4'117  times  as  much  as  Krupp's  cast-steel 
ones,  and  we  are  quite  certain  that  iron  ones  wear  much  more.  Hence  we  assign 
358  lbs.  for  loss  of  metal  by  mere  abrasion  of  puddled  steel  tires  in  running  GO, 000 
miles=614  lbs.  per  1000  miles  with  a  25-ton  4-whcel  locomotive,  while  a  former 
statement  makes  the  loss  of  iron  tires  7'217  lbs.  for  the  same  service." 

New  Reducing  Agent  for  Potassium. — It  has  been  found  by  Bebekolf 
that  potassium  is  more  readily  reduced  by  aluminium  than  by  any  other  agent. 
Hydrate  of  potassium  is  the  compound  most  readily  reduced. 

Parisian  Street  Locomotives. — A  repetition  of  experiments  has  lately  been 
carried  out  at  Paris,  on  the  Quai  d'Orsay,  with  a  locomotive  for  drawing  an  omni- 
bus on  ordinary  streets  or  roads.  The  omnibus  appears  to  have  been  one  of  extra- 
ordinary size,  approximating,  we  imagine,  if  report  is  to  be  trusted,  to  that  of  a 
modern  railway  carriage;  indeed,  it  was  fitted  up  with  compartments  in  a  similar 
manner.  The  locomotive  ran  for  several  hours  between  the  Pont  des  Invalides  and 
the  Pont  de  la  Concorde,  and  seemed  to  be  as  easily  managed,  in  stopping  and 
turning,  as  a  carriage  drawn  by  horses. 

Rolling  Friction  for  Driving  Spindles. — Senor  Jose'  Puizgy  Llagostera 
has  recently  patented  an  exceedingly  simple  and  effective  method  of  driving  the  spindles 
of  spinning  machines  by  the  friction  of  the  periphery  of  a  roller.  By  this  invention  a 
perfect  or  greatly  improved  regularity  of  speed  and  diminution  of  power  absorbed  or 
lost  in  friction  are  obtained.  The  pulleys,  cords,  and  the  ordinary  drums  are  dis- 
pensed with,  and  replaced  by  the  arrangement  illustrated  by  the  annexed  woodcuts, 
of  which  fig.  1  is  a  front  elevation  of  a  portion  of  a  spinning  machine,  and  fig.  2  is 
a  side  view  of  the  same,  partly  in  section,  with  the  improvement  affixed  tbereto. 
A  is  a  driving  shaft,  on  which  are  bevel  wheels,  B  B>  in  gear  with  the  bevel  pinions, 
p  p,  which  are  cast  on  or  in  one  with  the  lengthened  tubular  stems  or  axles  of  the 
drums,  c  C;  these  drums  are  covered  each  with  a  leather  or  elastic  band,  E,  and 
revolve  on  pivots,  f,  fixed  to  the  arms,  G  G,  projecting  from  the  frame,  H,  which 
supports  the  twisting  spindles,  z  z,  of  the  machine.  These  spindles,  instead  of 
being  furnished  with  pulleys  as  is  usual,  are  formed  with  an  enlarged  cylindrical  or 
roller-shaped  and  accurately-turned  surface,  N,  near  their  lower  end,  against  which 
the  elastic  band,  e,  of  the  drum,  c,  presses,  and  by  the  rolling  friction  so  occasioned 
the  spindles  are  caused  to  revolve,  each  drum  driving  two  spindles,  or,  if  desired, 
the  machine  may  be  arranged  for  each  drum  to  drive  only  one  spindle.  The 
several  spindles  rest  each  at  its  lower  end  in  a  step  or  bearing,  o,  which  is  carried 
by  the  frame,  H,  and  is  free  to  move  to  a  small  extent  therein  towards  and  away 
from  the  drums,  c,  and  each  such  step  or  bearing  is  furnished  with  a  small  wedge, 
I,  from  which  a  weight,  i',  is  suspended,  the  inclined  surface  of  the  wedge  bearing 
against  a  corresponding  surface  on  the  frame,  H,  by  which  means  the  step,  o,  is 


pressed  towards  the  drum,  c,  and  consequently  the  spindle,  z,  is  kept  in  proper 
contact  with  the  elastic  covering,  E,  upon  the  drum,  the  degree  of  pressure  being 
regulated  as  may  be  necessary  by  using  a  lighter  or  heavier  weight,  i'.  The  same 
object  may,  however,  be  obtained  by  springs,  or  in  any  convenient  manner.  The 
patentee  remarks  that  the  disposition  of  the  bevel  gearing  as  represented  may  be 
varied,  the  pinions,  p,  being  close  up,  or  nearly,  to  the  discs  of  the  drums,  instead 
of  on  the  lower  ends  of  lengthened  tubular  axles,  and  the  driving  shaft,  a,  and 
wheels,  b,  being  raised  and  placed  at  the  back  of  the  arms  or  brackets,  G;  but  if 
so,  the  gearing  should  be  hyperboloidal  or  oblique;  or  the  wheels  or  drums,  c,  may- 
be driven  in  any  other  convenient  manner. 

Means  of  Exploding  Gun-cotton. — It  has  been  discovered  that  gun-cotton 
can  be  exploded  with  complete  certainty  by  dropping  a  fragment  of  sodium  upon  it; 
it  is  not  necessary  that  any  moisture  should  be  present.  The  phenomenon  has 
been  attributed  to  the  peculiar  chemical  action  or  influence  known  as  catalysis. 

Air  Blown  into  Blast  Furnaces. —  It  may  be  estimated  that  the  quantity 
of  air  blown  into  a  blast  furnace  is  by  weight  thirteen  tons  for  each  ton  of  iron 
made.  The  total  weight  of  the  solids  and  gases  brought  into  action  in  the  reduc- 
tion of  one  ton  of  iron  amounts  to  nineteen  tons.  In  the  furnace  tins  rapidly 
resolves  into  liquid  matter,  weighing  about  three  tons,  which  escapes  at  the  bottom, 
while  gaseous  matters  weighing  nearly  sixteen  tons  ascend  the  furnace  and  escape 
at  the  top. 
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Introduction  of  Ikon  Gun-carriages. — Arrangements  are  ordered  to  be 
carried  out  on  an  extensive  system  in  Woolwich  Arsenal  for  the  purpose  of  fulfilling 
the  design  of  the  War  Department,  long  contemplated,  of  superseding  the  use  of 
timber  for  gun-carriages  throughout  the  two  services,  and  establishing  that  of  iron 
in  its  stead.  A  large  number  of  carpenters  employed  for  many  years  in  the  royal 
carriage  department  have  in  consequence  been  dismissed.  The  spacious  workshops 
occupied  by  the  carpenters  and  tin-workers  are  now  undergoing  a  complete  change 
They  will  be  transformed  into  smithcries  and  fitting  sheds,  and  are  being  supplied 
with  rivetting  machines,  steam  hammers,  punching  machines,  shears,  and  all  the 
appliances  necessary  in  the  manufacture  of  iron  carnages  and  slides.  A  fuse-box 
of  a  new  pattern,  approved  by  the  War  Department,  is  also  to  be  introduced,  and 
the  entire  stock  on  hand  is  ordered  to  be  remodelled,  which  will  entail  some  con- 
siderable amount  of  employment  to  those  retained.  A  number  of  additional 
mechanics  and  labourers  have  been  taken  on  in  the  royal  gun  factories  to  complete 
the  '"Woolwich  guns"  in  course  of  construction,  so  as  to  enter  upon  a  test  of  their 
merits  as  early  as  may  be. 

PnoKMiUM  Tenax,  the  New  Zealand  Flax. — The  phormium  tenax  is 
strictly  indigenous  to  New  Zealand,  and  grows  abundantly  in  all  parts  of  that 
colony.  In  different  portions  of  the  province  of  Otago,  in  the  Middle  Island  of 
New  Zealand,  we  have  seen  it  thriving  in  profusion.  It  is  one  of  the  first  objects 
that  catches  the  eye  of  the  emigrant  as  he  leaves  the  ocean  and  enters  the  magnifi- 
cent natural  harbour  of  Port-Chalmers;  and  on  the  voyage  thence  up  to  the  town 
of  Dunedin,  it  is  seen  in  hundreds  of  places  growing  down  to  the  very  margin  of 
the  shore  till  it  almost  dips  its  leaves  in  the  salt  water.  In  botanical  gardens 
specimens  of  it  may  be  seen,  but  these  afford  but  a  very  indifferent  idea  of  its 
appearance  as  it  grows  in  its  native  habitats,  where  it  flourishes  in  such  great 
luxuriance  that  we  have  often  seen  its  sword-shaped  leaves  attaining  a  length  of 
upwards  of  six  feet;  and  the  whole  plant  is  in  such  profusion  that  in  the  gulleys 
and  ravines  the  cattle,  while  wandering  in  the  midst  of  it,  are  completely  lost  to 
view.  The  strength  and  tenacity  of  the  fibre  which  is  got  from  the  leaf  of  the 
plant,  are  such  as  to  render  it  superior  in  these  respects  to  that  of  any  other  vege- 
table production.  This  flax  comes  next  to  silk  in  the  weight  supported,  being 
about  two-thirds  of  its  strength,  while  hemp  is  little  more  than  one-third.  As 
already  alluded,  it  is  from  the  leaf  that  the  fibrous  material  of  phormium  tenax  is 
procured.  Every  leaf  contains  it  in  abundance,  but  at  the  same  time,  it  must  be 
mentioned  that  there  is  incorporated  with  it  in  the  unprepared  state  a  quantity  of 
a  substance  of  a  gummy  or  resinous  nature.  To  extract  this  resinous  matter  from 
the  fibre,  and  at  the  same  time  leave  the  latter  intact,  has  been  found  somewhat 
of  a  difucult  problem.  The  solution  of  the  problem  has,  to  some  extent,  been 
obtained  by  the  natives,  who  have  been  long  in  the  habit  of  manufacturing  cloth- 
ing, baskets,  &c,  from  this  valuable  production  of  their  islands;  but  their  process 
is  somewhat  defective,  and,  being  entirely  manual,  is  unsuitable,  both  on  economical 
and  other  grounds,  for  the  preparation  of  the  fibre  to  any  large  extent.  It  may  be 
mentioned,  en  passant,  that  the  settlers  of  New  Zealand  are  a  good  deal  in  the 
habit  of  availing  themselves,  in  a  rough  and  ready  way,  of  the  tenacity  and  strength 
of  this  plant,  which  grows  around  and  amongst  their  settlements,  and  are 
accustomed  to  employ  strips  of  the  green  leaf  in  lieu  of  cord,  &c,  in  various  ways. 
The  attention  of  the  Government  of  New  Zealand  has  been  several  times  directed 
to  this  matter,  the  importance  of  which  to  the  colony  under  its  charge  it  has  had 
sufficient  reason  to  perceive,  and  in  consequence  it  has  offered  various  liberal 
rewards  to  any  person  or  persons  who  should  succeed  in  inventing  a  process  by 
which  the  fibre  of  the  phormium  tenax  should  be  prepared  in  the  proper  condition 
for  the  purposes  of  the  manufacturer. — Paper  Trade  Review. 

New  Sugar  Machine. — The  Bulletin  Commercial  gives  the  following  par- 
ticulars of  a  vacuum  machine,  invented  by  MM.  Cail  et  Cie.,  which  has  been  used 
with  success  in  Mauritius  by  M.  Portal,  owner  of  the  Anse  Jonchee  estate.  The 
apparatus  consists  of  three  vertical  cylinders  of  copper,  each  containing  two  tubes 
half  the  internal  height  of  the  cylinders  in  which  the  steam  circulates.  The 
cylinders  are  six  feet  high  and  three  feet  in  diameter,  and  are  surrounded  by  a 
wood  casing,  which  materially  retards  the  loss  of  heat;  they  communicate  with  the 
outside  by  pipes.  The  first  cylinder  receives  the  waste  steam,  which  had  hitherto 
been  entirely  lost,  from  the  defecators  and  other  machines  used  in  the  factory. 
The  steam  which  rises  from  the  boiling  liquid  in  the  first,  warms  the  liquid  con- 
tained in  the  second  cylinder,  and  the  steam  from  the  second  in  its  turn  wanns  the 
third;  a  successive  diminution  of  atmospheric  pressure  in  each  cylinder  takes  place, 
and  this  reduction  allows  an  active  ebullition  to  go  on  notwithstanding  the  diminu- 
tion in  heat.  Two  men  suffice  to  look  after  the  apparatus,  and  if  the  vacuum-pan 
be  conveniently  placed,  those  who  are  occupied  with  it  can  also  attend  to  the 
cylindrical  generators.  By  this  arrangement  all  the  men  employed  in  looking 
after  the  coppers,  and  the  furnace  which  warms  them,  are  rendered  unnecessary, 
and  the  sugar  is  prepared  at  a  temperature  which  renders  the  formation  of  molasses 
impossible.  The  quantity  of  crystallizable  sugar  given  by  the  juice  thus  becomes 
considerably  greater,  and  at  the  same  time  its  quality  is  said  to  be  so  superior  that 
it  hardly  requires  to  be  washed  in  the  centrifugal  machine.  The  simplicity  of  the 
apparatus  is  such  that  M.  Portal  finds  that  an  ordinary  intelligent  Indian  can  take 
charge  of  it  after  a  few  hours'  training;  and  the  only  thing  required  for  success  is 
great  cleanliness.  It  works  with  such  rapidity  that  the  cane  juice  crystallizes  in 
two  to  two  and  a  half  hours.  The  saving  of  fuel  by  this  system  is  said  to  amount 
to  one-third. 

Proposal  foe  Increasing  the  Formation  of  Fertilizing  Mould. — A 
new  means  of  increasing  the  fertility  of  land  has  been  invented,  and,  it  is  said,  suc- 
cessfully tried  at  Annaberg,  near  Bonn.  It  is  well  known  that  humus,  or  upper 
mould,  the  most  valuable  constituent  of  soils,  is  formed  by  the  action  of  the  atmo- 
sphere on  the  animal  and  vegetable  matter  contained  in  the  earth.  The  air,  how- 
ever, coming  into  contact  only  with  the  surface  of  our  planet,  this  fertile  substance 
is  generated  to  but  an  insignificant  depth,  and  after  so  many  centuries  of  sowing 
and  reaping,  covers  the  soil  rather  as  a  thin  coating  than  as  a  distinct  layer  separate 
from  the  rest.  The  object  of  the  new  invention  is  to  extend  the  generating  of 
humus  to  the  lower  strata,  by  introducing  air  into  these  portions.  To 
this  end  pipes,  very  similar  to  the  ordinary  drains,  but  riddled  with  narrow 
apertures,  are  laid  down  at  a  depth  of  from  3  feet  to  G  feet.     Instead  of  a  central 


drain,  they  lead  to  a  hearth,  wlu-re  a  fire  rarefying  the  air  causes  a  constant 
draught  to  pervade  the  pipes.  The  atmosphere  thus  freely  entering  and  issuing 
from  the  pipes  preserves  its  normal  condition  underground,  and  through  the 
numerous  apertures  approaches  the  strata  which  contain  the  roots.  Thus  the  soil 
is  loosened,  and  penetrated  by  oxygen  so  effectually,  that  though  the  air  from  above 
may  be  shut  out  from  the  hearth,  the  fire  will  continue  to  burn  all  the  same.  The 
invention,  or  rather  the  experiment,  was  first  designed  by  Herr  Xoneubrack,  and 
executed  under  the  superintendence  of  Dr.  Ilardstein,  both  attached  to  the  Agri- 
cultural Academy  connected  with  the  University  of  Bonn.  While  it  is  impossible 
but  to  admire  the  ingenuity  which  has  originated  the  preceding  experiments,  still 
we  fear  that  Herr  Noneubruck  will  in  the  end  find  it  more  advantageous  in  every 
way,  and  more  economical,  to  employ  a  deep-cutting  subsoil  plough,  which  would 
annually  expose  fresh  layers  of  inferior  strata  to  the  fertilizing  effects  of  the 
atmosphere. 

Gas  Engine  Company. —  A  company  has  been  formed  to  introduce  the  ingenious 
and  useful  gas  engines  of  M.  Lenoir,  which  have  been  already  illustrated  and  des- 
cribed in  this  Journal.  Upwards  of  sixty  gas  engines  are  now  at  work  in  London 
and  the  provinces,  and  the  testimonials  from  the  users  of  them  speak  most  highly 
both  of  their  utility  and  economy.  The  directors  of  the  company  are  all  gentlemen 
well  known  as  largely  interested  in  the  manufacture  of  gas,  and  as  such  well 
qualified  to  judge  of  the  advantages  possessed  by  this  motor.  Mr.  A.  A.  Croll  is 
the  chairman  of  the  company;  and  amongst  the  directors'  names  we  observe 
those  of  Mr.  T.  G.  Barlow,  the  eminent  consulting  gas  engineer;  Mr.  H.  J.  Evans, 
the  engineer  to  the  Chartered  Gas  Company;  and  Mr.  Goddard,  of  Ipswich.  We 
have  inspected  a  large  number  of  the  engines  at  work,  and  find  they  possess  all  the 
advantages  claimed  by  the  inventor.  We  cannot  but  think  the  gas  engine  is  des- 
tined to  become  an  important  feature  in  the  manufactures  of  this  country. 

Expressing  Fluids. — This  apparatus,  arranged  by  Mr.  T.  Marshall,  consists  in 
the  employment  of  a  ram  working  in  a  main  hydraulic  cylinder  in  combination  with 
other  parts.  The  head  of  the  main  ram  is  fitted  on  its  surface  with  a  platform,  or 
carries  directly  upon  it  an  auxiliary  hydraulic  cylinder  and  ram,  the  upper  part  of 
which  ram  carries  a  straining  apparatus,  and  is  provided  with  an  outlet  for  the 
escape  of  the  fluid  expressed,  while  the  upper  part  of  the  cylinder,  in  which  the 
last-named  ram  works,  is  formed  into  or  carries  a  close-sided  vessel  or  chamber  for 
containing  the  substance  to  be  pressed.  In  the  engraving,  A  is  the  main  hydraulic 
cylinder,  and  b  the  main  ram  working  therein.  This  ram 
carries  on  its  surface  an  auxiliary  hydraulic  cylinder,  c;  D  is 
the  ram  working  in  the  cylinder,  c,  and  in  a  close-sided  vessel 
or  chamber,  e;  this  latter  ram  carries  at  the  top  a  straining 
apparatus,  with  an  outlet  for  the  expressed  fluid;  F  is  a 
passage  for  conveying  the  liquid  from  pumps  into  the  cylinder, 
c;  G  is  a  plunger,  either  at  the  press  head,  or,  as  shown  in 
the  engraving,  resting  upon  searings,  h  h,  on  the  columns  of 
the  press,  and  in  the  latter  case  carrying  or  forming  a  second 
or  upper  hydraulic  cylinder  and  discharging  ram  fitted  with 
a  straining  apparatus,  an  outlet  for  the  expressed  fluid,  and 
working  in  another  close-sided  vessel  or  chamber,  I,  which  is 
brought  into  pressing  contact  with  a  plunger,  k,  at  the  press 
head.  The  modus  operandi  is  as  follows: — The  seed  or  other 
substance  from  which  the  fluid  is  to  he  expressed  is  placed  in 
the  close-sided  vessels  or  chambers,  e  and  I,  and  upon  power 
being  applied  in  the  main  cylinder,  a,  the  main  ram,  b, 
ascends,  carrying  with  it  the  auxiliary  cylinder,  c,  and  ram,  i>, 
and  bringing  the  substance  contained  in  the  close-sided  vessel 
or  chamber,  e,  into  pressing  contact  with  the  plunger,  g, 
lifting  the  same  off  the  searings,  h  h,  on  the  columns  of  the 
press,  and  bringing  the  substance  contained  in  the  close-sided 
vessel  or  chamber,  i,  into  pressing  contact  with  the  plunger,  K, 
on  the  press  head.  As  soon  as  the  expression  of  the  fluid  is 
completed,  the  main  ram,  b,  is  allowed  to  return  to  its  seat, 
and  power  is  applied  in  the  auxiliary  hydraulic  cylinder,  c,  as 
well  as  in  the  upper  hydraulic  cylinder  contained  within  or  earned  upon  the 
plunger,  g,  when  the  respective  rams  ascend  through  the  close-sided  vessel,  or 
chambers,  e  and  I,  and  discharge  the  residuary  matters  from  the  tops  of  the  same. 

Anti-corrosive  Brown  Paper. —  Mr.  J.  Gladwin,  of  Ecclesfield,  has  intro- 
duced a  novelty  in  paper,  under  the  above  name.  It  is  said  this  paper  is  made  of 
materials  peculiarly  adapted  for  giving  strong  and  resisting  properties,  and  by  the 
introduction  of  a  powerful  an ti- corrosive  element,  not  used  by  any  other  maker,  a 
high  standard  of  quality  is  obtained  for  cutlery  and  steel  goods,  the  external 
moisture  being  totally  excluded.  Goods  requiring  the  moisture  to  be  retained  may 
also  be  folded  in  it  advantageously.  A  stouter  make  of  this  paper  is  also  as 
effectual  for  the  purpose  as  the  usual  make  of  water-proof  paper,  and  at  a  very 
considerable  less  cost.  To  test  its  quality,  a  paper  vessel  may  be  made  of  it  and 
filled  with  water,  which  will  remain  until  it  is  exhausted  by  absorption  from  the 
surface.  When  empty,  clean  out  the  sediment  from  the  bottom,  and  re-fill;  repeat 
this  as  often  as  may  be  desired.  A  more  severe  test  of  quality  may  be  made  by 
suspending  a  vessel  filled  with  water  over  a  flame;  it  then  exhibits  fire-proof  pro- 
perties, the  water  in  the  vessel  will  become  heated.  Under  the  process  of  glazing 
it  attains  a  higher  degree  of  finish  than  the  usual  make  of  paper. — Paper  Trade 
Review. 

Awards  by  the  Royal  Society  of  their  Royal  Medal. — One  of  the 
royal  medals  was  given  to  Mr.  .1.  Prestwich  for  his  numerous  contributions  to 
geological  science,  particularly  those  on  the  excavation  of  river-valleys,  and  on  the 
drift  or  superficial  deposits  in  England  and  France,  in  which  relics  of  human  handi- 
craft are  found  associated  with  the  remains  of  extinct  animals.  The  frequent 
journeys,  explorations,  and  laborious  research  by  which  Mr.  Prestwich  has  worked 
out  his  conclusions  are  well  known  to  his  friends ;  and  most  of  these  have  been 
accomplished  since  the  Geological  Society  awarded  him  their  Wollaston  medal, 
sixteen  years  ago,  for  his  earlier  investigations.  That  the  present,  no  less  than  the 
former  award,  is  well  deserved,  there  needs  only  to  turn  to  the  pages  of  the 
Geological  Society's  Journal  and  the  Philosophical  Transactions,  where  all  the 
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facts  and  arguments  on  which  Mr.  Prestwich  bases  his  conclusions  are  duly  set 
forth.  One  of  his  separate  works,  that  on  the  Water-bearing  strata  around  Lon- 
don, has  proved  valuable  of  late  years  by  facilitating  the  subterranean  search  for 
water,  as  it  gives  actual  measurements  and  probable  estimates  of  the  thickness 
of  the  chalk  and  other  beds  immediately  above  and  below  the  chalk,  and  suggests 
means  of  obtaining  an  additional  supply  of  water  for  the  metropolis. — The  other 
royal  medal  was  given  to  Mr.  Archibald  Smith,  for  his  researches  into  what  has 
become  of  late  years  a  question  of  first-rate  importance,  namely,  the  magnetism  of 
ships,  and  particularly  of  iron-built  ships.  Those  who  remember  the  uncertainty 
which  prevailed  a  few  years  ago  as  to  the  theory  of  ships'  magnetism,  the  behaviour 
of  the  compasses,  and  the  means  of  correction,  will  be  able  to  appreciate  the 
advances  that  have  since  been  made,  chiefly  by  Mr.  A.  Smith,  in  co-operation  with 
Staff-commander  Evans  of  the  Royal  Navy.  It  is  now  known  that  the  quality  of 
the  magnetism  of  a  ship  depends  on  the  direction  in  which  she  lies  while  building, 
and  by  taking  precautions  it  can  be  so  controlled  as  to  occasion  the  minimum  of 
disturbance  to  the  compass.  Whether  a  ship  be  built  of  wood  and  iron,  or  of  iron 
wholly,  its  magnetism  can  now  be  expressed  in  mathematical  formula?,  and  with 
these  formula?  in  hand  the  tedious  and  laborious  process  of  swinging  a  ship  in  order 
to  correct  her  compass  may  now  be  dispensed  with.  In  like  manner  the  effect  of 
iron  tanks,  of  the  stowage  of  shot  and  shell,  of  the  masts,  or  of  iron  in  any  form 
and  quantity  in  the  neighbourhood  of  the  compass,  cau  be  ascertained  and  allowed 
for.  When  the  increasing  use  of  iron  in  shipbuilding,  and  the  importance  of  the 
above-mentioned  investigations  to  a  commercial  community,  are  taken  into  considera- 
tion, we  think  it  will  be  allowed  that  by  the  award  to  Mr.  A.  Smith  (as  by  that  to 
Mr.  Prestwich)  the  Council  of  the  Royal  Society  have  made  a  praiseworthy  use  of 
the  medals  placed  at  their  disposal  by  the  queen. 

Locomotives  on  Railways. —  The  number  of  locomotives  at  work  on  the 
twelve  principal  railways  of  Great  Britain  at  the  close  of  1864  was  as  follows:  — 
Caledonian,  2G2;  Great  Eastern,  376;  Great  Northern,  345;  Great  Western,  697; 
Lancashire  and  Yorkshire,  398;  London  and  North-Western,  1187;  London  and 
South-Western,  207 ;  London,  Brighton,  and  South  Coast,  203 ;  Manchester, 
Sheffield,  and  Lincolnshire,  179;  Midland,  512;  North-Eastern,  GG3;  and  South- 
Eastern,  214. 

New  Ships  of  War. — Two  new  vessels  are  ordered  to  be  built  —viz.,  the  Hercules 
and  the  Blanche,  the  former  being  a  new  kind  of  ironclad,  to  be  coated  with  armour- 
plates  of  great  thickness,  and  the  latter  an  improved  frigate  (unarmoured)  of  the 
Amazon  class,  and  intended  to  carry  a  battery  of  a  few  guns  of  the  heaviest  calibre. 
The  Hercules  is  to  be  constructed  with  a  thickness  of  iron  running  along  her  broad- 
side of  lly  inches,  of  which  her  armour-plates  alone  will  be  of  the  enormous  thick- 
ness of  9  inches,  or  exactly  double  the  thickness  of  the  armour-plates  of  the  Warrior, 
which  is  only  protected  for  some  200  feet  amidships.  The  recent  experiments  made 
at  Shoeburyness  on  the  Hercules  target,  constructed  with  exactly  the  same  weight 
of  iron  and  limber  per  square  foot  as  is  intended  to  be  employed  in  the  vessel, 
proved  incontestably  that  no  gun  hitherto  invented  will  be  able  to  propel  a  shot 
through  the  sides.  On  the  occasion  of  the  experiments  alluded  to  three  of  the 
Armstrong  12  ton  300-pounder  shunt  guns  were  fired  at  a  distance  of  only  200 
yards,  with  charges  varying  from  45  lb.  to  GO  lb.  of  powder.  Although  a  steel  shot 
of  300  lb.  weight  and  10^  inches  in  diameter  struck  the  ccntie  of  the  9-inch  armour- 
plate  with  a  velocity  of  rather  more  than  1500  feet  per  second,  yet  the  blow  was 
barely  sufficient  to  break  through  the  armour,  and  did  not  injure  the  backing.  Sir 
William  Armstrong,  in  his  letter  to  the  Times,  subsequently  confessed  his  doubts 
whether  even  the  GOO-poundcr  gun  would  have  succeeded  in  penetrating  the  target 
unless  even  the  enormous  60  lb.  charges  were  greatly  increased,  whereas  no  rirled 
gun  yet  constructed  has  ever  been  tried  at  Woolwich  with  charges  exceeding  GO  lb. 
of  powder. 

Petroleum  in  Yorkshire. — It  has  recently  been  found  that  the  shales  of 
oleaginous  clay  overlying  the  ironstone  deposits  of  the  Yorkshire  moors  in  the  North 
Riding  can  be  made  to  produce  a  mineral  oil,  similar  to  petroleum,  at  a  cost  of  GfV. 
per  gallon.  From  the  fact  that  these  shales  crop  out  to  the  surface  in  almost  all 
the  valleys,  the  discovery  is  expected  to  impart  a  wonderful  degree  of  life  and 
activity  to  those  hitherto  unpeopled  hills.  It  is  evident  that,  during  the  Roman 
occupation,  both  the  iron  and  coal  deposits  were  wrought,  the  refuse  from  the  work- 
ings being  met  with  occasionally  below  the  heather.  This  last  discovery,  coming 
upon  that  of  coal  and  ironstone,  has  raised  the  value  of  land  amazingly.  A  small 
property  of  under  150  acres,  for  which  £5  per  acre  was  thought  too  much  a  few 
years  ago,  was  recently  sold  for  nearly  £60  per  acre,  the  enhanced  price  being  paid 
simply  because  it  is  believed  oil,  shale,  and  ironstone  lie  below  it.  Most  of  the 
moors  are  Crown  lands  leased.  It  is  stated  that  the  Yorkshire  oil  will  suon  be  in 
the  market. 
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W.  Tigha  Hamilton,  Upper  Rathmines— Cutting  tenons 

Peter  Ellis.  Liverpool— Cylindrical  double  pan  water  closet 

G.  H.  Goodman,  London  Road,  and  E.  Bow,  Maidstone — Crushing  quartz 

Walker  Moseley,  King  Street— Electric  telegraphy 

Edwin  Guthrie,  Liverpool— Bricks 

N.  H.  Felt.  Salem,  U.S. — Cutting  and  rounding  boot  and  shoe  soles.— A  com. 

W.  Williams,  King's  Norton— Door  springs 

John  Stephens,  Great  Rider  Street— Portfolios,  writing  desks  and  writing  cases 

Wilson  Fox,  Henrietta  Street— Preserving  meat 

;':  n-  Whitehead,  Saddlewortb— Heating  the  feed  water  for  steam  boilers 

H.  C.  Davis,  Boston,  U.S.— Nail  machines.— A  com. 

W .  K.  Lake,  Chancery  Lane— Pulp  from  cane  and  bamboo.— A  com. 

John  Jex  Long,  Glasgow— Cutting  nr  dividing  timber 

Henry  Edward  Newton,  Chancery  Lane— Ventilating  millstones 


14th  November,  1SG5. 

2925  IT.  A  Bonneville,  Paris— Threading  needles.— A  com. 

2926  Samuel  Middle  ton,  Shoemaker  Row— Securing  the  contents  of  bottles 

2927  Joseph  Williamson,  Bagthrope,  J.  Lindley  and  J,  Coleman,  Selstone — Breaks 

2928  J.  A.  Loubat,  P:iris — Railway  steam  engines  and  carriages 

2929  John  Dixon,  Abchnreh  Yard — Refining  iron 

2930  W.  E,  Newton,  Chancery  Lane— Railway  signals  or  alarms. — A  com. 

2931  T.  A.  Weston,  J.  Tangye,  and  R.  Chapman,  Birmingham — Apparatus  for  raising 

and  lowering,  moving,  or  transporting  heavy  bodies 

2932  Thomas  Pobie,  Barnsley — Permanent  way  of  railways 

2933  William  Clark,  Chancery  Lane— Connecting  drums  or  pulleys. — A  com. 

2934  J.  T.  A.  Mallet.  Paris — Manufacture  of  oxygen 

2935  S.  L.  Gill,  Bromley— Gas  stoves 

15th  November,  1S65. 
2036  Henry  Clifton,  Birmingham— Churns 

2937  William  Bh'nger,  Chancery  Lane — Photographic  lenses. — A  com. 

2938  Charles  Atherton  and  A.  H.  Renton,  Whitehall— Steering  ships 

2939  G.  Chambers,  Russia  Row,  and  G.  Gregory,  James  Street— Catches  for  portcmon- 

naies,  portfolios,  &c. 

2940  Alexander  Alison,  Regent's  Park,  and  H.  Hoskins,  Haylc— Machinery  for  cutting 

tunnels  and  sinking  shafts 

2941  Arthur  Wells  and  Walter  Hall,  Sou thwark— Submarine  electric  telegraph  cables 

and  submergence  thereof 

2942  L.  A.  Velu,  F.  E.  Posse,  and  L.  E.  A.  Fosse,  Paris— Retarding  railway  carriages 

2943  Henry  Cochrane,  Middlesborough-on-Tees — Stoves  for  drying  moulds 

2944  James  Goodier,  Chester,  and  J,  F.  Kilshaw,  New  Brighton— Feathering  the  paddles 

of  propellers  for  navigable  vessels 

2945  William  Clark,  Chancery  Lane— Purification  of  hydrocarburets  used  for  lighting 

purposes. — A  com. 

2946  William  Easton,  Gateshead— Pumps  for  raising  water 

16/A  November,  1SG5. 

2947  Matthew  Caton  and  Henry  H olden,   Preston — Looms  for  weaving 

2948  John  de  la  Haye,  Chorlton-upon-Medlock — Submarine  electric  cables 

2949  Oliver  Sarony,  Scarborough — Photography 

2950  A.  V.  Newton,  Chancery  Lane — Manufacture  ofcaramel. — A  com. 

2951  A.  V.  Newton,  Chancery  Lane — Roasting  of  coffee. — A  com. 

2952  Richard  Jones,  Botolph  Lane — Preserving  animal  and  vegetable  substances 

17th  November,  1S65. 

2953  S.  II.  Huntly,  Upper  Baker  Street— Obtaining  fresh  water  from  salt  and  impure 

water 
2954'E.  Bullock  and  J.  Bullock,  Leamington — Photography 

2955  J.  H.  Smith  and  G.  R.  Smith,  West  Plumstead—  Draughting  patterns  for  coats 

2956  W.  H.  Cope,  St.  George's-iu-the-East — Taking  off  the  fibre  from  cotton  seed  and 

cleaning  it 

2957  George  Carter,  Willenhall — Bevelled  or  convex  iron  washers 

2958  J.  It.  Cooper,  Birmingham — Breech-loading  fire-arms 

2959  T.  J.  Perry,  HightieUls — Moulds  for  casting  metallic  wheels 

2960  William  Clark,  Chancery  Lane — Knitting  machine  needles. —A  com. 

2961  II.  A.  Brooman,  Fleet  Street— Shawls. — A  com. 

2962  P.  J.  Fallon,  Black  Rock — Treatment  of  spirituous  liquors 

2963  T.  M.  Tennant,  Edinburgh— Furnaces 

2964  W.  E.  Newton,  Chancery  Lane — Hardening  malleable  and  non-malleable  cast  iron. 

—  A  com. 

2965  James  Harbert,  Kidderminster— Gas 

2966  J.  II.  Whitehead,  Saddlewortb — Endless  cloths 

2967  L.  G.  Speyser,  Paris— Bricks  or  building  blocks 

2968  Walter  Payton,  Victoria  Park — Raising  and  forcing  fluids 

ISth  November,  1SG5. 
L.  E.  Laurency,  Paris— Life  nets 
G.  Taylor  and  J.  Fernie,  Leeds — Steel  castings 
S.  II.  Hnntly,  Upper  Baker  Street — Cooking  apparatus 
Frederick  Wilkins.  Oxford  Street — Production  of  hydro-cirbon 
J.  C.  Walker,  Strand— Bread 

Henry  Clifton,  St.  Martins-le-Grand— Sewing  machines 
Isaac  Lazarus,  Birmingham— Bows  or  ties 

2Qth  November,  1S65. 
T.  B.  lleathorn  aid  J.  II.  G.  Wells,  Westminster— Gun  carriages 
Angelo  Vescovali,  St.  George's  Square  — Electro-magnetic  apparatus 
Arthur  Rickett,  Birmingham — Cleaning  or  dressing  currants 
J.  B.  Fenhy,  Birmingham — Fastenings  for  safe  doors 
J.  B.  Edge  and  Enoch  llird,  Uolton— Spinning  and  doubling  cotton 
Charles  Whitney,  Kensington — Breech-loading  guns  and  cartridges 
John  Weems,  Johnstone— Construction  of  ships 
Samuel  Norris,  Regent  Street  — Knitting  machines. — A  com. 
W.  J.  Burgess,  Brentwood— Cotton  gins 

G.  Smith  and  C.  Ritchie,  Upper  Thames  Street — Brushes,  brooms,  &c. 
G.  P.  Hemming,  Kentish  Town,  and  Henry  Coyle,  Great  Mary lebone  Street — Liquid 

sealing  to  the  covers  of  cisterns,  pans,  jars,  and  tubs 
William  Clark,  Chancery  Lane — Bleaching  feathers. — A  com. 
James  Pitt,  Cieckheaton — Sewing  machines 

21st  November,  1865. 
Richard  Walters  and  T.  E.  M.  Walters,  Pel  sal  I— Cutting  or  shearing  sheet  iron 
Samuel  Rennet,  Manchester — Cocks  for  steam,  water,  air,  and  gases 
Frederick  Pope,  Mark  Lane — Locks. — A  com. 

W.  Gray,  E.  Gray,  and  J.  Gray,  Sheffield — Beaters  for  thrashing  machines 
A.  C.  St.  Paul  de  Sincay,  Paris — Sulphur 

George  Smith,  Upper  Thames  Street,  and  Charles  W.  Smith,  Mare  Street— Hair- 
brushing  apparatus 
T.  R.  Harding,  Leeds — Pressure  to  the  rollers  of  spinning  machinery 
A.  V.  Newton,  Chancery  Lane— Condensing  exhaust  steam.— A  com. 
William  Parsons,  Brighton — Sash  fastening  for  windows 

22nd  November,  1865. 
William  Wells,  Manchester,  and  Samuel  Marland,  Clayton— Artificial  light  from 

volatile  liquids 
T.  W.  Nicholson,  Gracechurch  Street— Cylinder  printing  machines 
C.  P.  Coles,  Ventnor — Protecting  the  bottoms  and  sides  of  ships 
A.  V.  Newton,  Chancery  Lane — Ejectors  for  discharging  bilge  water. — A  com. 
S.  A.  Bell,  Stratford — Friction  matches  and  tapers 

W.  Birr,  West  Ham— Communication  between  the  passengers  of  a  railway  train 
Samuel  Hunter,  Newcastle-on-Tyne — Anchors 

Alfred  Lancefield,  King's  Cross — Stamping  or  impressing  railway  or  other  tickets 
J.H.Johnston,  Lincoln's  Inn  Fields— Boxes  or  receptacles  for  merchandise.— A  com. 
J.  J.  Field,  Upper  Gifford  Street— Manufacture  of  soap 
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23rd  November,  1865. 

3008  C.  H.  Chadburn,  Liverpool— Inking  and  marking  telegraphic  instruments 

3009  Theophilus  Redwood,  Montague  Street— Preservation  of  animal  substances 

3010  Nathaniel  Greenhalgh  and  James  Mallison,  Halliwell — Sizeing  and  dressing  yarns 

3011  John  Ellis,  Bristol— Stays  and  bodices 

3012  W.  R.  Muliey,  Plymouth— Planking  or  sheathing  iron  ships 

3013  E.  G.  Lamson,  Windsor,  U.S.— Breech-loading  and  repeating  fire-arms 
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ON  SOME  POINTS  OF  PRACTICE  IN  IRON  FOUNDING. 

No.  III. 

As  to  the  construction  of  the  twyer  pipes,  we  have  seen  none 
better  than  what  we  ourselves  adopted.  At  each  side  of  the  cupola,  and 
distant  about  20  inches  or  2  feet  from  the  shell  of  the  furnace,  rose 
vertically  two  cast-iron  blast  pipes,  carried  up  from  the  two  air  branch 
mains  already  referred  to.  These  pipes  had  plain  open  mouths,  were, 
for  large  cupolas,  about  8  inches  diameter  in  the  clear,  and  were  turned 
smooth  on  the  exterior  length  for  about  5  feet  of  their  upper  ends. 

Over  each  of  these  pipes  was  slipped  down  a  cylindrical  pipe,  which 
just  fitted  the  turned  exterior  of  the  cast-iron  pipe  for  its  entire  length, 
and  which  terminated  above  by  a  quadrant-tapered  copper  sweep  pipe, 
which  formed  the  twyer  proper.  This  was  of  such  a  length  that  it 
just  reached  to  within  about  f  inch  of  the  outside  of  the  shell  of 
the  cupola,  when  presented  at  the  twyer  hole  therein,  but  which,  as  is 
obvious,  it  did  not  enter. 

The  diameter  of  the  circular  and  conical  twyer  hole,  through  the 
wall  of  the  furnace  lining,  was  externally  nearly  8  inches  ;  that  of  the 
copper  blast  twyer,  at  its  beak,  or  extremity,  was  about  3J  inches 
diameter.  It  was  at  first  made  somewhat  larger,  and  then  by  trial  and 
slight  reductions  in  diameter,  it  was  altered  until  it  was  found  that  in 
place  of  any  blast  returning  back  at  the  annular  space  between  the 
copper  twyer  and  the  twyer  hole,  some  external  air  was  drawn  in  with 
the  blast — a  phenomenon  which,  odd  as  it  seems  at  first  statement,  is 
accounted  for  on  principles  closely  analogizing  with  those  upon  which 
the  now  well  known  Giffard's  injector  depends. 

At  the  bottom  edge  of  the  vertical  copper  sliding  pipe  was  placed  a 
thin  spring  clip  of  iron  around  it,  with  a  pinching  screw  and  handle  by 
which  the  copper  pipe  could  be  kept  at  any  level,  or  turned  horizontally 
in  any  direction,  and  so  maintained,  on  the  turned  cast-iron  air  pipe.  By 
this  means  the  twyer  pipes  could  be  raised  or  lowered  at  pleasure,  to  be 
opposite  to  any  twyer  hole  in  the  furnace ;  and  when  it  was  needed 
to  throw  off  the  blast  for  a  few  moments  (as  for  clearing  a  partial 
stoppage),  by  turning  round  the  copper  sliding  pipe  axially  on  the 
turned  iron  one  for  a  quarter  of  a  circle  this  was  instantly  accom- 
plished, and  as  readily  the  blast  returned  to  work,  without  shutting  off 
at  the  air  main  below,  where  each  of  the  range  of  cupolas  was  provided 
with  a  valve  that  wholly  cut  off  the  blast  from  both  its  twyers,  as  when 
it  was  out  o'  work,  &c. 

The  large  cylindrical  cupolas  for  which  those  arrangements  were 
made,  were  provided  with  a  tier  of  twyer  holes,  six  in  number,  over 
each  other  at  each  side,  and  vertically  distant  from  each  other  about 
14  inches  from  centre  to  centre.  The  object  of  this  was  two-fold — 
first,  it  might  possibly  become  necessary  to  accumulate  fluid  iron  in 
them  on  some  occasion,  and  hence  be  necessary  to  "  raise  the  twyers;" 
secondly,  in  a  cupola  of  large  diameter,  it  is  not  always  that  the  very 
best  height  from  the  bottom  for  working,  as  the  permanent  level  of  the 
twyers,  can  be  decided  upon  beforehand ;  and  it  may  vary  with  differ- 
ent cokes,  size  of  fragments  of  iron  to  be  melted,  and  other  circumstances. 
Hence  the  power  was  provided  of  raising  or  lowering  the  twyers. 

In  practice  it  was  soon  found  that  this  was  quite  unnecessary  beyond 
the  range  of  the  lowest,  and  next  above,  pair  of  holes  at  most ;  and  in 
lining  the  furnaces  thereafter,  all  the  holes  above  these  were  perma- 
nently stopped. 

And  herein  lies  the  immense  advantage  of  a  large  cupola,  holding  a 
good  volume  of  liquid  iron  at  the  bottom,  with  but  a  small  rise  in  height 
or  head  inside.  The  whole  working  of  the  furnace  becomes  simplified, 
and  all  hazard  in  its  use  is  removed.  Thus  with  a  cupola  which  in 
good  blast  will  yield  two  tons  of  liquid  iron  per  hour,  with  only  one  shift 
of  twyer,  and  never  having  a  head  of  accumulated  iron  of  above  20  or 
22  inches  in  height,  a  ten  ton  crane  ladle  can  be  filled  in  five  hours,  or 
from  two  such  cupolas  in  two  hours  and  a  half. 

With  proper  arrangements  as  to  ladle,  &c,  we  can  state  from  experi- 
ence, that  even  the  longer  interval  is  not  up  to  the  limit  in  time  during 
which  the  liquid  iron  passed  into  it  by  five  successive  tappings  of  two 
tons  each,  with  an  interval  of  an  hour  between  each,  still  maintains  an 
abundantly  high  temperature  and  perfect  liquidity  for  pouring  into  large 
castings.  The  first  two  tons  tapped  out  is  a  good  deal  cooled  by  the 
cold  ladle,  &c;  but  the  second  tapping  and  the  following  ones  are  of 
metal  at  far  higher  temperature  than  those  preceding  (for  the  furnace 
gets  hotter  the  longer  it  is  in  blast,  up  to  a  limit  of  many  hours  at 
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least),  and  mixing  with  the  first  iron  yielded,  bring  the  whole  to  more 
than  a  sufficient  temperature  again.  In  fact,  we  have  known  the  metal 
filling  a  ten  ton  ladle  at  the  end  of  the  fifth  tapping  too  hot  to  be 
poured,  although  the  first  two  tons  had  been  tapped  out  five  hours 
before,  and  standing  in  the  ladle  in  the  interval,  with  the  surface  merely 
covered  by  an  inch  or  so  of  charcoal  dust. 

Thus  it  is  obvious,  that  with  two  cupolas  only,  each  of  the  moderate 
size  to  yield  two  tons  per  hour,  a  twenty-ton  casting  may  be  made,  and 
the  metal  be  ready  within  about  five  hours  and  a  half  of  throwing  ou 
the  blast.  We  say  five  and  a  half,  because  when  iron  is  wanted  to 
be  accumulated  in  this  way,  it  is  advisable  to  work  the  cupola  for  half 
an  hour  or  more  (but  not  much  more),  and  employ  the  first  of  its  iron 
for  other  and  smaller  castings,  so  that  the  temperature  of  the  cupola 
shall  have  got  exalted  enough  to  yield  very  hot  metal  for  standing  in 
the  ladle. 

This  previous  working  must  not  be  pushed  too  far,  however,  because 
slag  accumulates  with  the  time  in  work  of  the  furnace  ;  and  if  that  has 
reached  a  certain  point,  the  yield  of  liquid  iron  per  hour  is  sensibly 
diminished. 

When  this  method  of  accumulating  iron,  not  in  the  furnace,  hut  in 
the  ladle,  is  employed,  the  old  difficulties  and  dangers  of  tapping,  under 
the  pressure  of  deep  heads  of  metal,  are  completely  avoided.  There 
is  no  more  difficulty  under  these  arrangements  in  manipulating  the 
furnace  and  the  metal  for  a  twenty  or  thirty  ton  casting,  than  for  one  of 
as  many  hundredweights. 

A  good  deal  remains  to  be  said  upon  the  nature  and  quality  of  the 
blast  for  cupolas,  and  upon  some  other  details  of  management  in  these, 
and  in  the  apparatus  for  the  transport  and  distribution  to  the  moulds  of 
the  liquid  iron,  which  we  must  reserve  to  another  occasion.  We  shall 
be  content  at  present  with  a  few  remarks  as  to  the  best  position  of  the 
range  of  cupolas,  in  relation  to  the  loam  and  green  sand  moulding  floors 
of  the  foundry ;  and  as  to  the  arrangements  for  getting  the  materials — 
fuel,  iron,  &c. — to  the  level  of  the  furnace  mouth :  both  important 
matters  in  every  large  and  well-ordered  establishment. 

In  some  small  foundries — indeed,  in  some  large  ones  that  we  have 
been  through — the  cupolas  are  scattered  about  here  and  there,  and 
either  placed  actually  within  the  walls  of  the  foundry  proper,  or  at  least 
set  so  as  to  tap  directly  on  to  the  moulding  floor,  with  other  arrangements, 
such  as  cranes,  &c,  &c,  likewise  inefficient  or  imperfect;  such  a  plan, 
or  rather  want  of  plan,  may  have  its  advantages — it  is  at  least  in 
harmony  with  the  whole.  But  when  the  outfit  generally  of  a  foundry, 
whether  large  or  small,  is  what  it  ought  to  be,  then,  in  our  judgment, 
should  the  cupolas  be  all  placed  in  a  distinct  building ;  the  furnace  house 
communicating  directly  with  the  moulding  floors  and  sand  pits,  but 
quite  separated  at  will  by  gates,  which  are  best  of  thin  iron,  hung 
with  balance-weights,  like  a  sash  or  portcullis,  to  throw  up  out  of 
the  way. 

The  cupolas  should  be  in  one  or  in  two  parallel  ranges  opposite  each 
other ;  or  better,  back  to  back,  with  a  passage  and  the  air  mains  under- 
neath, between  the  ranges.  These  should  be  at  right  angles  to  the  wall 
of  separation  from  the  moulding  floors.  They  should  be  in  a  com- 
pletely inclosed  building,  with  ample  means  for  ventilation,  however,  at 
will,  and  covered  over  by  an  iron  and  slated  or  tiled  open  louver  roof, 
which  is  best  so  constructed  as  to  cover  not  only  the  space  around  the 
cupolas,  the  tapping  floor,  &c,  but  to  cover  over  and  keep  dry  and 
comfortable  the  platform  whence  the  furnaces  are  to  be  charged  and  fed 
at  the  mouths  above. 

This  charging  platform  is  too  often  only  the  most  rickety,  miserable 
thing,  little  more  than  a  bench  approached  by  a  wooden  or  other  ladder, 
and  exposed  to  wind  and  rain.  It  should  be  an  ample  area  of  floor ; 
its  level  about  two  feet  below  the  average  level  of  the  cupola  mouths, 
and  of  safe  strength  to  bear  a  heavy  load  of  coke,  limestone,  broken  pig 
iron,  scrap,  &c.  Brick  arches,  and  covered  on  top  with  cast-iron  plates 
of  f-inch  thick,  bedded  in  sand  or  mortar,  is  what  we  like  best  as  a 
base  to  it. 

Upon  this  floor,  in  a  large  foundry,  probably  three  or  four  fhrnace- 
men  and  as  many  labourers  will  be  almost  constantly  at  work ;  and 
especially  where  there  are  several  classes  of  work  in  the  foundry,  and  a 
demand  for  different  qualities  of  liquid  metal,  there  should  be  room  for 
an  orderly  classification  and  piling  up  of  the  broken  pig  of  different  sorts, 
and  of  the  heaps  of  scrap,  fuel,  &c,  &c. ;  and  all  should  be  under  cover, 
and  while  freely  ventilated,  screened  from  gusts  of  wind  or  weather. 
Upon  this  floor  should  stand  a  portable  weigh-bridge,  for  each  set  of 
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cupolas  under  the  control  of  one  furnace-man.     If  this  be  competent  to 
weigh  from  five  to  ten  cwts.  at  a  draught,  it  will  be  sufficient. 

The  coke  should  be  weighed  out  to  each  furnace-man,  and  he  should 
be  obliged  to  weigh  his  charges  of  iron.  Where  this  is  not  done,  there 
is  very  little  power  of  controlling  waste  due  to  negligence ;  for  taking 
the  gross  weight  of  castings  turned  out  of  the  foundry  during  the  week 
or  month,  and  the  gross  weight  of  coke  consumed  in  the  same  time, 
merely  proves  that  there  is  more  or  less  waste  or  economy,  which  may 
be  due  more  or  less  to  imperfections  of  plant,  &c,  or  to  one  or  two 
only  or  to  all  the  furnace-men. 

As  the  sand  and  loam  moulding  floors  are  almost  everywhere  on  the 
surface  level  of  the  ground,  the  cupola  charging  platform  must  be  above 
that  level  by  from  ten  to  perhaps  twenty  feet.  The  materials  delivered 
into  the  foundry,  whether  by  water,  road,  or  rail,  will  usually  also  be 
deposited  at  surface  level,  and  from  thence  must  be  elevated  to  the 
platform  level.  It  has  been  not  without  wonder  that  we  have  often 
observed,  even  in  pretty  large  foundries,  all  this  done  by  manual  labour 
— actually  carrying  up  the  broken  pig,  the  scrap  iron,  the  limestone,  and 
the  coke,  as  well  as  the  materials  for  lining  the  furnaces,  by  hand. 

We  should  have  sooner  mentioned  that  there  must  be  space  and  a 
proper  place  on  this  platform  for  a  moderate  store  of  lining  fire-brick, 
and  of  fire-clay,  for  repairs  and  bedding. 

The  quantity  of  rubbish  that  accumulates  daily  from  the  cjecta  of  a 
large  foundry  in  full  swing  of  work  is  something  fearful,  and  will  often 
employ  a  couple  of  carts  and  horses  to  remove  and  keep  clear. 

Horse-labour  is  thus  an  indispensable  adjunct  of  the  foundry.  We 
have  known  one  of  the  horses  employed  to  raise  the  materials  to  the 
level  of  the  charging  platform — upon  the  plan  of  the  horse-run — with  a 
wire  or  other  rope  drawn  over  a  pulley,  the  material  being  placed  in 
barrows  or  corves ;  and  such  an  arrangement,  when  there  may  be  room 
enough,  and  not  full  work  for  all  the  cart-horses,  may  work  pretty  well. 
But  the  arrangement  which  we  prefer  is  either  a  steam  crane  fixed  upon 
the  platform,  and  commanding  within  its  sweep  its  whole  area,  and  a 
sufficient  surface  of  the  ground  below — which  requires  rather  a  lofty 
roof  over  the  platform;  or  what  is  best  of  all,  anhydraulic  table-lift,  upon 
which  the  materials  may  be  run  in  directly  at  the  ground  level  upon  a 
railway  truck,  and  run  off  at  top  for  deposit  at  any  part  of  the  platform. 
When  it  is  considered  that  the  entire  output  of  Vie  foundry  in  castings, 
and  a  good  deal  more  besides,  must  reach  this  platform,  and  pass  down 
through  the  cupolas,  or  be  dissipated  into  the  air  by  them,  it  will  be 
obvious  that  good  hoisting  apparatus  here  will  well  pay  for  its  outlay. 

One  very  laborious  part  of  the  furnace-man's  duty  is  to  break  up  his 
pigs  into  short  pieces,  of  a  length  to  be  comfortably  taken  into  the 
cupola.  The  ordinary  length  is  from  ten  to  fifteen  inches.  The  furnace- 
man  and  his  assistant  labourer  usually  break  the  whole  of  the  day's 
requirement  between  them ;  and  although  the  first  fracture,  breaking 
each  pig  into  halves,  is  commonly  done  (as  long  as  it  is  possible)  by 
throwing  down  the  pigs  from  the  pile  in  a  horizontal  position  upon  an 
edge  of  iron,  such  as  an  old  hammer-bit  or  the  like,  standing  up  on  the 
ground,  still  the  subsequent  breaking  up  shorter  of  these  halves  by  the 
sledge  hammer  is  a  very  laborious  process.  Indeed,  wheu  the  pig  iron 
is  of  very  tough  quality,  such  as  most  of  the  South  Wales  pigs,  and  the 
demand  for  melted  iron,  as  in  a  large  foundry,  is  great,  additional  labour 
is  often  wanted  to  keep  up  the  supply  of  broken  pig. 

In  every  large  foundry,  we  are  of  opinion  that  it  would  be  well  worth 
while  to  provide  a  coarse  sort  of  steam  hammer,  or  friction  hammer,  to 
enable  all  the  furnace-men  to  be  supplied  with  broken-up  pig  by  a  couple 
of  labourers.  Oue  great  subsidiary  advautage  would  result  from  this, 
that  the  pig  might  always  be  broken  to  uniform  length,  and  never 
exceeding  five  or  six  inches,  whereby  a  noticeable  saving  of  coke  in 
melting  would  be  accomplished. 

We  proceed  to  some  further  remarks  upon  the  construction  of  the 
cupola,  and  the  blast  to  be  supplied  to  it. 

A  peculiar  form  of  cupola  was  patented  by  Jonathan  Ireland  (28th 
August,  1858,  No.  1950,  and  disclaimer  of  like  date),  which  has  been 
tried  in  many  places,  and  the  working  of  which  we  have  had  oppor- 
tunity of  observing. 

Mr.  Ireland's  invention  was  stated  to  consist,  in  brief,  in  the  modifi- 
cation of  the  internal  form  of  the  cupola,  which  was  built  with  boshes, 
and  a  cavity  of  enlarged  diameter  at  bottom,  beneath  these,  with  the 
view  of  giving  by  this  greater  capacity  for  a  large  charge  of  liquid 
iron  ;  in  the  distribution  of  the  blast  into  two  sets  of  twyers  at  two 
different   levels — the  one  called  "the  smaller  twyers"   above   "the 


boshes,"  and  the  other,  or  greater  or  ordinary  twyer,  below  these,  and 
just  above  the  cavity  or  enlargement  of  the  lining  beneath. 

The  blast  may  be  either  hot  or  cold,  and  if  the  former  be  employed 
in  the  top  ring  of  twyers,  it  is  proposed  to  heat  it  by  a  cast-iron  hollow- 
belt  air  pipe  built  into  the  lining  wall  of  the  cupola  at  the  level  of 
the  jaws  of  the  boshes.  No  special  mode  of  heating  the  blast  for 
the  lower  or  ordinary  twyers  is  described,  and  it  is  to  be  inferred  that 
the  inventor  had  in  view  to  employ  cold  blast  with  all  the  twyers, 
except  in  so  far  as  that  for  the  upper  range  became  heated  by  its  pas- 
sage through  the  belt  air  pipe  laid  into  the  lining ;  it  being,  however, 
stated  that  this  belt  pipe  may  be  placed  "  either  in  the  interior  or 
exterior  of  the  shell  or  furnace."  A  tall  conical  chimney  is  shown  in 
the  specification  drawings,  carried  up  continuously  from  the  shell  and 
fire-brick  lining  of  the  cupola,  and  nine  radial  twyers  pointing  inwards 
from  the  belt  pipe  are  shown  in  the  top  range  ;  while  so  far  as  the  lower 
or  ordinary  range  is  concerned,  only  one  twyer  aperture  is  indicated. 

As  shown  in  the  specification  drawings,  and  described,  it  is  not  too  much 
to  say  that  Mr.  Ireland's  construction  appears  impracticable.  We  believe 
it  was  found  very  soon  that  the  cast-iron  belt  pipe  built  into  the  lining 
got  partially  melted.  The  exposed  extremities  of  the  twyers  melted 
off,  and  their  air  apertures  got  stopped  up  with  iron  or  clay,  or  both ; 
and  that  after  a  time  the  part  of  the  invention  which  alone  was  brought 
into  use,  consisted  in  the  use  of  two  ranges  of  twyers,  wholl}r  external 
to  the  shell  of  the  cupola,  and  constructed  much  as  usual,  except  that 
the  upper  ones  were  rather  smaller  in  diameter  and  in  greater  number 
than  those  below.  The  advantage  assumed  to  be  obtained  by  the 
upper  range  of  twyers,  is  stated  to  be  "  bringing  the  metal  into  a  fused 
state  in  a  higher  part  of  the  furnace  than  it  is  by  the  use  of  the  afore- 
said ordinary  twyers  alone,  thereby  melting  the  metal  with  less  fuel,  and 
also  purifying  it  as  it  falls  to  the  lower  or  ordinary  twyers."  This  is 
misty  enough.  If  the  metal  he  melted  at  the  level  of  the  upper  range 
of  twyers,  it  will,  of  course,  be  so  at  a  higher  part  of  the  furnace  than 
if  it  be  not  melted  until  it  reaches  the  lower  range ;  but  it  is  equally 
hard  to  see  why  its  being  melted  higher  up  should  save  fuel,  or  if 
melted  there,  what  may  be  the  further  use  of  the  lower  twyers. 

As  to  any  supposed  "  purification  "  by  an  imaginary  further  exalta- 
tion of  temperature  of  the  iron  which  has  been  rendered  fluid  at  the 
upper  twyers,  and  so  runs  down  as  fast  nearly  as  a  body  can  fall  freely 
in  air  through  the  small  height  between  the  two  ranges  of  twyers,  it  is 
a  mere  delusion.  There  is  not  time  for  any  chemical  change  whatever 
to  take  place  upon  it,  even  were  it  proved  that  any  considerable  exal- 
tation of  temperature  intervened  in  this  same  moment  of  time,  or  that 
such  exaltation  must  result  in  purification,  whatever  that  may  mean. 

Mr.  Ireland's  cupolas  are  shown  in  the  specification  drawings  as  built 
"  with  boshes,"  much  in  the  form  of  a  "  blast  furnace ;"  but  he  makes 
no  claim  to  this  or  to  any  particular  form  of  interior,  nor  does  he 
"  confine  himself  to  the  precise  details  set  forth."  We  believe,  how- 
ever, he  always  adhered  to  this  particular  form.  The  result  of  our 
experience  and  observation  of  his  cupola  at  work  for  some  months,  as 
constructed  under  his  own  directions  by  altering  a  plain  cylindric 
cupola  of  about  three  feet  diameter  to  his  plan,  was  as  follows  : — 

1.  There  was  a  small  economy  in  coke  as  compared  with  the  same 
furnace  before  alteration. 

2.  The  liquid  iron  was  not  "tapped  out"  observably  hotter  than 
from  another  cupola  of  the  ordinary  form  and  rather  larger  than  that 
altered,  which  stood  close  by. 

3.  The  cupola  was  very  hard  to  manage,  from  its  extreme  narrow- 
ness between  and  below  the  boshes.  There  was  not  room  for  the 
furnace-man  to  stand  in  it  and  properly  repair  the  brick  lining,  and  the 
maintenance  of  the  enlargement  or  cavity  (to  give  increased  capacity 
of  charge  of  metal)  below  the  lower  twyers  was  found  impracticable, 
so  that  after  a  time  it  became  clogged  up  and  reduced  to  the  same 
diameter  as  the  rest  of  the  cupola  below  the  level  of  the  boshes.  So 
far  as  the  difficulty  of  repair  by  reason  of  narrowness  was  concerned, 
that  would  of  course  have  disappeared  in  the  case  of  a  cupola  a  good 
deal  larger  in  diameter. 

The  lining  was  also  "  cut  away,"  i.e.,  melted  at  and  below  the 
boshes  very  rapidly,  so  that,  on  the  whole,  the  cost  of  repair  to  the 
furnace  lining  was  quite  doubled. 

4.  The  charge  of  fuel,  metal,  &c,  did  not  descend  while  the  cupola 
was  in  blast  with  the  uniformity  and  ease  as  in  one  of  a  common  form, 
and  it  was  found  necessary  to  guard  against  the  introduction  of  any 
large  fragments  of  "scrap"  or  pieces  of  "pig"  longer  than  eight  or 
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nine  inches,  and  even  so  the  "  poking  bar  "  was  frequently  in  requisi- 
tion to  urge  down  the  charge.  The  labour  and  care  in  working  were 
thus  greater  than  with  the  ordinary  form. 

5.  As  regards  the  actual  performance  :  in  76  hours  of  the  furnace  in 
blast,  nearly  74  tons  of  iron  were  melted,  with  an  expenditure  of  5 
tons  6  cwt.  of  excellent  hard  Newcastle  coke.  The  average  was  2  cwt. 
3  qrs.  5  lbs.  of  coke  to  the  ton  of  liquid  iron.  This  showed  an  economy 
in  coke,  as  compared  with  that  consumed  by  an  adjacent  common  cupola, 
of  nearly  100  lbs.  to  the  ton  of  liquid  iron.  This  cupola,  however, 
melted  at  the  rate  of  about  18  tons  in  12  hours,  and  was  not  deemed 
at  all  economical  in  fuel,  though  "  a  very  fast  melter." 

As  compared  with  the  ordinary  run  of  large  well-constructed  cupolas 
with  equally  good  blast  and  with  one  range  of  twyers,  the  economy  was 
insignificant — for  example,  as  compared  with  the  large  one  whose 
dimensions  and  performance  are  given  in  the  last  part  of  this  paper, 
where  (page  290,  line  23),  either  by  mistake  in  the  MS.  or  in  type, 
an  error  occurs,  which  we  now  correct:  For,  "  not  more  than  4  to  5 
cwt.  of  coke  to  the  ton  of  liquid  iron,"  should  be  read,  "  not  more 
than  2  to  3  cwt.  of  coke,"  &c. 

In  the  preceding  case  the  blast  was  occasionally  delivered ,  from  a 
powerful  pair  of  fast-moving  double-acting  blast  cylinders, ,  at  other 
times  from  a  5-foot  fan.  In  either  case  the  pressure  was  considerable, 
and  the  supply  of  air  ample.  The  blast  was  cold  in  all  the  twyers. 
Those  of  the  lower  range  were,  we  believe,  of  the  same  diameter  as 
those  in  the  upper,  and  all  were,  in  our  judgment,  much  too  small,  as 
fixed  by  the  patentee. 

The  economy  obtained  in  Ireland's  cupola  appears  in  reality  to  be 
owing  mainly,,  if  not  wholly,  to  the  great  height,  (and  hence  depth  of 
fuel)  in  relation  to  diameter  adopted  by  him. 

His  specification  drawings  show  a  height  of  six  diameters  or  more, 
taking  the  diameter  of  the  cupola  at  "  the  boshes." 

Our  own  conclusion  is  that,  ceteris  paribus,  a  common  cylindrical 
cupola,  with  one  range  of  two  large  twyers,  if  made  of  adequate 
altitude  and  properly  proportioned,  will  be  worked  with  quite  as  much 
economy  in  fuel  as  Mr.  Ireland's,  and  with  far  greater  ease  to  the 
furnace-man,  and  with  less  cost  for  repairs. 

Whether  this  be  so  or  not,  the  statement  that  an  economy  of  fuel 
amounting  to  from  30  to  50  per  cent,  may  be  effected  by  means  of  this 
or  any  other  patent  cupola  cannot  be  true,  except  in  some  case  of  com- 
parison with  an  absurdly  ill-constructed  and  wasteful  ordinary  cupola. 
The  fact  is,  the  ordinary  cupola  is  an  extremely  perfect  instrument  for 
the  production  and  economic  application  of  heat,  as  may  be  proved.  For 
let  us  assume  (in  the  absence  of  any.  exact  knowledge  as  to  the  fusing 
temperature  of  cast  iron)  that  it  melts  at  2300°  Fahr.  If  the  iron  be  at 
mean  atmospheric  temperature,  say  50°  Fahr.,  it  must  be  raised  2300° 
—  50°  =  2250°  to  reach  the  point  of  fusion. 

Now,  one  pound  weight  of  dry  good  coke  can  theoretically  raise 
13,500  lbs.  of  water  1°  (Faure  and  Silbermann),  or  6  lbs.  of  water, 
2250°.  Taking  the  specific  heats  of  water  and  cast  iron  as  respectively 
l'OO  and  0-13,  the  pound  of  coke  can  therefore  raise  to  the  fusing 
point  (or  2250°),  46'15  lbs.  of  cast  iron,  without,  regarding  its  specific 
heat  of  liquidity,  which  in  the  case  of  metals  may,  in  accordance  with 
the  experiments  of  Persoz,  be  omitted; 

This  then,  dropping  fractions,  is  49  lbs.  of  coke  theoretically  neces- 
sary to  melt  a  ton  of  cast  iron.  But  to  burn  the  coke  we  must  pass  in 
blast  through  the  cupola  12  lbs.  of  air  for  every  pound  of  coke — assum- 
ing that  ail  the  oxygen  in  it  is  taken  up  or  combined  with  the  carbon. 
This,  practically,  is  impossible  (for  want  of  time  chiefly  in  the  transit 
of  the  air  through  the  fire),  so  that  at  least  one-half  as  much  more 
must  be  blown  in  to  maintain  complete  combustion,  or  18  lbs.  of  air  to 
the  pound  of  coke,  and  this  is  often  greatly  exceeded.  Ordinary  cupolas 
have  been  known,  by  long-continued  experiment,  to  melt  with  as  little 
as  200  lbs.  of  coke  to  the  ton  of  iron ;  but  280  lbs.  to  the  ton.  may 
be  taken  as  a  fair  average  for  ordinary  well-constructed  cupolas. 
With  this  consumption  5040  lbs.  of  air,  or  2J  tons  of  air  must  be 
blown  through  the  furnace  to  the  ton  of  iron  melted,  at  the  very, 
least. 

The  specific  heat  of  air,  under  constant  pressure,  being  0-237,  taking 
water  still  as  unity,  one  pound  of  coke  will  raise  25'4  lbs.  of  air  to 
the  melting  point  of  cast  iron.  Therefore  to  heat  up  the  air  entering 
by  blast  from  50°  to  2300°  Fahr.  necessary  to  melt  a  ton  of  iron,  there 
is  required  to  be  consumed  198'4  lbs.  of  coke.  Deducting  this  from  the 
280  lbs.  total,  we  have  280  — 198'4  =  81-6  lbs.  left  to  heat  up  the  cast 


iron  itself,  with  the  walls  of  the  cupola,  &c,  and  for  the  inevitable  waste 
by  the  gases  of  combustion  blown  out  at  the  top. 

We  have  already  shown,  however,  that  49  lbs.  of  this  is  necessary  to 
melt  the  ton  of  cast  iron,  which  leaves  only  81  '6  —  49  =  32-6,  say  33 
lbs.  of  coke  for  waste.  Were  we  to  assume  that  the  combustion  was 
maintained  by  a  blast  equal  only  to  the  exact  equivalent  of  the  coke  in 
air,  viz.,  by  12  lbs.  of  air  to  the  pound  of  coke  in  place  of  18  lbs.  as  above, 
there  would  be  but  99  lbs.  of  coke  calculable  on  for  waste,  which  is  less 
than  30  per  cent,  of  the  total  quantity. 

Thus,  without  attributing  any  great  exactitude  to  the  preceding 
figures,  it  is  clear  that  there  is  not  room  for  any  very  great  saving  of 
coke  by  any  modification  of  a  common,  well-constructed  cupola. 

The  case  is  not  analogous  to  that  of  the  smelting  blast  furnace,  in 
which  the  supply  of  air  is  deficient  (six  tons  of  air  to  one  ton  of  coal 
per  hour,  according  to  Dr.  Clarke,  for  example),  while  here  it  is  twelve 
to  eighteen  times  the  weight  of  fuel  consumed  in  the  same  time.  Thus 
large  volumes  of  combustible  gases  at  a  high  temperature  are  evolved 
(if  not  collected  and  employed)  at  the  mouth  of  the  blast  furnace,  while 
from  the  mouth  of  a  well  managed  and  proportioned  cupola  very  little 
else  than  highly-heated  air,  mixed  with  a  large  volume  of  nitrogen, 
and  with  dust  and  some  other  bodies  of  minor  importance,  are  evolved. 
Nor  is  there  anything  beyond  expectation  in  this  fact,  that  the  cupola 
is  a  very  efficient  heat-communicating  instrument.  It  may  be  affirmed 
generally,  that  any  furnace  acting  by  a  focus  of  concentrated  high 
temperature  is  efficient  in  proportion  as  the  combustion  within  it  is 
perfect,  and  that  the  furnace  of  a  given  size  that  can  burn  away  most 
fuel  in  a  given  time  will  be  that  of  most  perfect  combustion. 

This  is  well. exemplified  in  the  fire-box  of  the  locomotive,  which  often 
is  capable  of  perfectly  consuming  as  much  as  150  lbs.  of  coal  or  coke  to 
the  foot  area  of  grate  or  furnace  per  hour. 

Let  us  compare  this  rate  of  combustion  with  that  of  a  cupola  at  actual 
work,  the  data  respecting  which  we  noted.  The  cupola,  which  had  a 
cylindrical  form,  and  a  horizontal  area,  or  internal  cross  section,  just 
above  the  twyers,,  of,  7  square  feet,  melted  cast  iron  steadily  at  the  rate 
of  1 J  tons  per  hour,  with  a  long-continued  average  gross  consumption 
of  417  lbs.  of  coke  to  the  ton  of  iron,  or  of  625'5  lbs.  of  coke  per  hour. 
For  "lighting  the . cupola "  seven  times,  during  as  many  spells  of 
experimental  work,  there  was  consumed  1960  lbs.  of  coke,  leaving 
of  the  total  quantity  consumed  5432  lbs.,  which  were  consumed  during 
12j  hours  that  the  furnace  was  "  agait,"  which  is  nearly  equal  to  a  nett 
consumption  of  453  lbs.  of  coke  per  hour,  or  to  *-f-3  =  nearly  65  lbs. 
per  square  foot  area  of  furnace. 

The  yield  of  liquid  iron  was  33TG0  =  480  lbs.  per  square  foot  of  area 
per  hour.  This,  though  much  below  the  rate  at  which  fuel  is  burnt 
(or  blown  away  ?)  in  locomotive  fire-boxes,  suffices  to  show  that  the 
combustion  in  the  cupola  is  very  rapid,  and  thus  to  sustain  the  previous 
statement-  of  its  economic  efficiency. 

The  cupola  just  referred  to  was  by  no  means  a  sample  of  high 
economy  in  fuel,  though  a  rapid  melter. 

In  even  the  best-proportioned  and  highest  cupolas,  the  air  or  gases 
are  driven  off  from  the  top,  still,  at  a  very  high  temperature.  It  is  not 
easy  to  utilize  a.  portion  of  this  heat  in  any  way  consistently  with  the- 
easy  access  to  the  mouth  and  the  conditions  of  working  of  the  furnace. 
The  cupola  is  not,  like  the  smelting  blast  furnace,  constantly  at  work  ; 
on  the  contrary,  its  period  of  being  "  agait "  is  short  and  intermittent, 
and  the  exaltation  of  temperature  of  the  delivered  gases  sudden,  when 
the  blast  is  thrown  on.  The  waste  heat,  therefore,  cannot  advantage- 
ously be  employed  for  raising  steam  for  power,  nor  for  heating  the 
foundry  stoves,  nor,  in  our  opinion,  for  heating  the  blast  itself.  It  would 
be  conceivable  in  a  foundry  originally  specially  designed,  to  apply  the 
waste  heat  to  a  Siemens'  brick  regenerator,  and  to  absorb  the  heat 
accumulated  in  this  after  the  cupola  was  done  for  "  the  spell,"  by  carrying 
it  into  the  stove  in  aid  of  its  own  fires  ;  but  several  difficulties  to  this,  in 
relation  to  the  management  of  the  stove  itself,  will  at  once  occur  to  the 
practical  man.  Perhaps  one  of  the  best  applications  of  the  waste  heat 
so  collected  would  be  to  use  it  for  thoroughly  drying  the  coke  to  be  used 
in  the  cupolas,  by  passing  it  as  a  current  of  warmed  air  through  that 
fuel  placed  in  a  closed  receptacle  upon  the  level  of  the  mouth  or  platform 
of  the  furnaces. 

The  amount  of  absorbed  water  in  coke,  especially  in  sea-borne  coke, 
is  generally  considerable,  and  it  need  not  be  said  that  when  thrown  into 
the  furnace  wet  some  must  be  wasted  to  dry  the  remainder. 

Another  application  we  once  saw  made,  with  how  much  economy  of 
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heat  we  could  not  ascertain,  but  certainly  without  inconvenience,  viz., 
to  heating  the  broken  up  pig  iron  just  before  it  was  thrown  into  the 
cupola. 

For  this  purpose  a  sort  of  horizontal  flue,  of  about  2  feet  square,  was 
carried  off  from  just  above  the  level  of  the  cupola  mouth  at  one  side, 
leading  to  the  short  vertical  stalk  which  finally  carried  off  the  evolved 
gases.  Upon  the  bottom  of  this  flue,  as  upon  the  sole  of  a  sort  of 
reverberatory  furnace,  the  broken  pig  iron  to  be  melted  was  loosely 
piled  through  two  6ide  doors,  before  the  cupola  was  lighted.  The 
pieces,  as  they  were  wanted  for  charging  into  the  cupola,  were  dragged 
by  the  hooked  bar  from  the  flue,  falling  into  the  furnace,  the  remoter 
pieces  being  pushed  forward  gradually  nearer  the  latter.  The  cast  iron 
appeared  to  be  thus  heated  nearly  to  dull  redness. 

{To  be  continued.) 


ON  THE  FLOW  THROUGH  APERTURES  OF  SOLID 
BODIES. 

In  the  preceding  number  of  this  Journal  a  review  was  given  of  the 
part  for  July,  1865,  of  the  Annates  du  Conservatoire  Imperial  dee  Arts 
et  Metiers,  in  which  prominence  was  chiefly  assigned  to  a  memoir  by  M. 
Tresca  on  "  The  Flow  (e'coulement)  through  Apertures  of  Solid  Bodies." 
These  experimental  investigations  have  done  science  so  important  a 
benefit  by  demonstrating  as  laws  what  have  hitherto  been  more  or 
less  hypothetical,  that  the  writer  has  deemed  it  expedient  to  place 
on  record,  in  English  technical  literature,  a  resume  of  the  principal 
experiments  upon  which  the  conclusions  hereafter  given  are  based. 

The  memoir  was  presented  to  the  Academy  of  Sciences  on  the  7th  of 
November,  during  its  session  of  1864  It  originally  contained  the  first 
part  of  the  investigations  of  M.  Tresca  on  the  flow  of  solid  bodies,  and 
which  were  completed  June  12,  1865,  being  the  subjectrmatter  of  a 
report  by  General  Morin  in  the  name  of  a  commission  composed  of 
MM.  Pouillet,  Piobert,  Duhamel,  and  Morin — the  first  investigations 
being  immediately  followed  by  fresh  researches  on  the  same  subject. 

The  memoir  presented  to  the  Academy  has  the  following  for  its 
objects : — 

1st,  To  show  by  Jjie  results  of  numerous  experiments  that  solid 
bodies,  when  a  pressure  sufficiently  intense  is  exerted  upon  them, 
flow  in  a  manner  similar  to  that  of  liquids.  2nd,  To  lay  down  the 
theory  of  this  flow,  and  to  point  out  the  most  important  deductions  that 
may  be  made  to  facilitate  the  study  of  the  molecular  motions,  which 
are  produced  by  the  action  of  mechanical  force  on  matter. 

The  same  phenomena  are  proved  for  the  soft  as  for  the  hard 
metals,  for  plastic  substances  such  as  blocks  of  wax,  for  pulverulent 
matter,  for  granulated  materials  such  as  musket  shot,  and  in  a  manner 
only  less  complete  than  that  for  liquids  themselves. 

The  newly-discovered  analogy  which  is  found  to  hold  alike  in 
all  bodies,  in  their  varied  conditions,  has  enabled  some  light  to  be 
thrown  on  the  principles  of  the  flow  of  liquids,  as  well  as  upon  their 
lateral  attraction,  which  these  experiments  on  the  flow  of  solid  bodies 
determine,  under  a  variety  of  circumstances. 

This  investigation  has  not  been  undertaken  as  a  sequel  to  precon- 
ceived ideas,  and  as  a  point  that  it  had  been  proposed  ultimately  to 
reach;  neither  is  it  presented  as  the  mere  consequence  of  varied  experi- 
ments obtained  in  the  first  place  among  complex  circumstances,  so  as 
to  render  many  observations  liable  to  be  recalled  as  erroneous,  but 
such  that  the  laws  of  the  phenomena  themselves  can  be  studied 
with  facility. 

Of  the  numerous  experiments  that  have  been  made,  the  writer  limits 
himself  to  mention  three,  which  suffice  to  make  known  their  character, 
and  these  he  regards  as  fundamental.  An  example  of  each  kind 
forms  the  head  of  each  of  the  following  citations  of  the  experiments. 

It  is  not  desired  to  at  once  decide  these  as  general  consequences, 
without  again  returning  to  the  inquiry  concerning  the  flow  of  "solid 
bodies,  and  a  future  opportunity  is  therefore  reserved  to  review  the 
circumstances  in  detail,  and  to  examine  the  numerical  -data  to  be 
derived. 

One  of  the  experiments  relates  to  the  punching  of  metals;  the  second 
to  the  crushing  of  a  cylinder  composed  of  superimposed  plates;  the 
third  to  the  simultaneous  flow  of  a  cylindric  block  of  metal  over  its 
lateral  surface  and  through  a  central   orifice.     It  is  therefore  seen 


from  the  preceding  statements,  that  there  are  three  distinct  types  of 
experiments  bearing,  in  their  different  aspects,  upon  the  transmission 
of  pressure  into  or  through  solid  bodies,  so  as  to  ascertain  whether 
the  pressure  does  not  reach  beyond  intermediate  portions. 


Experiment  made  on  the  22nd  April,  1864,  upon  the  punching  of  a 
rectangular  block  composed  of  sixteen  plates  of  lead. 

The  plates  were  square  and  Om-120=4'727  inches  in  length  of  Bidei 
the  thickness  being  4  millimetres  =  -1572  inch,  and  the  total  thick- 
ness of  the  block  of  plates  was  0m-064  =  25198  inches. 

The  plates  were  carefully  placed  one  upon  the  other  between 
two  holding  or  guide  plates,  each  of  which  was  pierced  with  a  hole  in 
it  of  20  millimetres  =  -7860  inch  diameter,  and  fitted  with  a  punch 
sufficiently  long  to  pass  completely  through  the  guide  plates  and  block. 
The  force  of  an  hydrostatic  press  being  applied  to  the  extremity  of  the 
punch,  this  penetrated  the  lead  block,  the  metal  of  which  moved  away 
(chasse')  before  the  punch  in  the  form  of  a  cylinder  of  20  millimetres  = 
'7860  inch  diameter;  but  this  extruded  cylinder  had  only  a  height 
or  length  of  31  millimetres  =  1-129  inch,  whilst  the  total  depth  of  the 
hole  was  the  total  thickness  of  the  series  of  superposed  plates,  viz., 
2-5198  inches.  (I  must  here  premise,  that  in  future  in  this 
memoir  I  shall  use  the  French  terra  "  debouchure "  to  express 
the  portion  or  mass  of  metal  that  is  punched  out  or  extruded  from 
the  block  under  experiment,  as  there  appears  to  be  no  word  in  the 
English  language  which  so  decidedly  expresses  the  meaning  which  in 
the  present  case  it  is  desired  to  convey.  It  is  true  we  have  the  word 
"burr,'"  a  workshop  term  for  the  piece  of  metal  punched  from  a  plate, 
and  even  this,  irregular  and  non-etymological  as  it  must  be  from  its 
origin,  answering  the  purpose  of  the  operative  boiler-smith,  is  wholly 
unsuited  for  the  present  purpose.)  This  diminution  of  height  had 
been  before  obtained  in  the  punching  of  a  solid  block  of  lead  of  the 
same  dimensions  as  the  laminated  block. 

Accordingly,  the  debouchure  which  should  have  been  64  millimetres 
=  2'5198  inches  in  height  or  depth,  was  in  reality  but  31  millimetres 
=  1'130  inch ;  the  density  of  the  metal  not  having,  as  might  have 
been  supposed,  increased  during  the  process  of  punching,  the  experi- 
ment tried  with  superposed  plates  ought,  therefore,  to  decide  the  ques- 
tion of  knowing  how  the  elimination  of  half  of  the  metal,  which  occupied 
beforehand  the  place  filled  so  slowly  by  the  punch,  was  produced. 

This  -debouchure  of  the  22nd  April,  fig.   1,  is  indeed  remarkable. 

Fig.  1. 


On  cutting  it  in  half,  and  facing  or  smoothing  over  the  cut  faces,  the 
fifteen  lines  showing  the  number  of  divisions  of  the  primitive  block  were 
visible ;  but  whilst  the  topmost  plate  and  the  three  lowest  plates  only 
were  represented  in  the  debouchure  in  their  original  thickness,  all  the 
intermediate  plates  were  represented  with  their  original  thickness  con- 
siderably reduced,  as  will  be  seen  by  reference  to  the  following  table  of 
measures  taken  on  dividing  off  or  separating  the  lower  faces. 

The  elimination  of  the  metal,  then,  took  place  horizontally  throughout 
the  intermediate  parts  of  the  block  proper ;  then  without  doubt  the 
resistance  in  that  direction  was  less  than  that  of  all  the  layers  or  strata 
situated  in  front  of  the  punch. 
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TABLE    OF   THE  THICKNESSES   Or   PLATES 

MEASURED  ALONG  THE 

AXIS    OP   THE   DEBOUCHURE. 

Number  of  Plates 

Distances  of  the  Lines  of 

Thicknesses  of  Plates 

in  the 

Joints  to  Extremity  of 

Measured  along  the 

Debouchure. 

Debouchure. 

Longitudinal  Axis. 

Millimetres. 

Inches. 

Millimetres. 

Inches. 

1 

4-6 

•1807 

4-6 

■1807 

2 

90 

■3587 

4-4 

•1729 

3 

130 

•5109 

40 

•1572 

4 

16-2 

•6366 

32 

•1257 

5 

200 

•7860 

2-8 

•110 

6 

20  8 

•81764 

1-8 

•0708 

7 

22-0 

•8616 

1-2 

•0471 

S 

22-7 

•88911 

0-7 

■0275 

9 

23-4 

•92962 

0-7 

•0275 

10 

239 

•9347 

0-5 

•0196 

11 

24-2 

•952 

03 

•0117 

12 

24-6 

•967 

0-4 

■0157 

13 

24-8 

•975 

0-2 

•0078 

14 

253 

■995 

0-5 

•0198 

15 

26-9 

1-057 

1-6 

•0628 

16 

313 

1-230 

4-4 

•1729 

The  first  consequence  to  be  drawn  from  the  foregoing  is,  that  the 
vertical  pressure  exercised  by  the  punch  transmits  itself  laterally  or 
horizontally  through  the  solid  block,  and  repels  the  material  of  the 
debouchure  into  it  in  the  direction  of  least  resistance. 

But  this  observation,  which  is  certainly  one  of  the  general  results  of 
actual  work,  is  not  the  only  one  which  can  be  drawn ;  there  is  found, 
besides,  that  distinctness  of  the  concentrioity  of  the  couohes  or  strata 
that  are  met  with  among  circumstances  more  simple  and  better  defined. 

The  lines  of  joint  are  slightly  curved  in  that  portion  contiguous  to 
the  axis  of  the  debouchure  ;  and  on  carefully  examining  them  by 
aid  of  a  microscope,  it  is  found  that  they  touch  the  extreme  diameter 
of  the  portion  of  the  debouchure  immediately  above,  each  one  of  the 
portions  of  the  plates  thus  forming  a  kind  of  capsule  with  very  thin 
edges,  enveloping  on  all  sides  those  capsules  situated  immediately  above 
it,  whilst  it  itself  is  similarly  enveloped  by  the  capsules  situated  below 
in  the  order  of  primitive  superposition. 

This  disposition  of  the  strata  in  the  debouchure  has  elsewhere  its 
analogue  in  the  pierced  block. 

Each  one  of  the  plates  traversed  through  by  the  punch  bends  itself 
or  yields  in  a  curved  form  around  the  hole  formed  by  the  passage  of 
the  tool,  being  tapered  off  very  fine  at  the  parts  bordering  on  the  hole 
in  such  manner  as  to  be  drawn  out  in  an  extremely  thin  tube,  and  so 
that  a  perfect  division  or  lining  is  uniformly  produced  all  through  the 
punched  hole  by  the  tube  primarily  issuing  from  the  superior  or  upper- 
most plate ;  which  tube  is  successively  caught  into  the  substance  of  the 
next  plate  by  the  other  tubes  proceeding  from  it ;  and  thus  throughout 
the  blocks,  the  tubes  respectively  forming  the  elongations  of  each  one 
of  the  primitive  plates. 

The  plates,  being  imbedded  one  in  the  other,  oannot  be  separated 
without  fracture.  Moreover,  the  same  disposition  of  their  fractures 
facilitates  the  verification  oi  the  summary  indications  about  to  be  given. 

The  annexed  fig.  2  is  given  with  the  fractured  or  separated  tubes 

Fig.  2. 


which  accompany  it,  and  which  belong,  that  is  to  say,  which  are  broken 
off  on  the  upper  side  from  plates  3  to  5,  and  on  the  under  from  plates 
7  to  13,  in  the  order  that  they  occur  in  the  block ;  the  other  parts  of 
these  fractured  tubes  remaining  adhering  to  the  different  plates. 

On  cutting  through  similar  blocks,  the  cut  being  across  the  axis, 
there  is  also  found  all  the  lines  of  joint,  and  the  tubular  constitution 
appears  with  the  complete-it  evidence  ;  also,  that  these   (tubes)  are 


preserved  by  the  pressures  transmitted  by  the  adjoining  strata  (couches). 
Each  one  of  the  plates  appears  endowed  with  more  perfect  malleability, 
which  permits  it  to  laminate  to  the  extremest  thinness  without  being 
torn  or  fractured.  This  valuable  property  will  be  observed  in  nearly 
all  the  examples  that  will  be  cited. 

Since  then,  there  has  been  found  in  the  debouchures  of  thick  iron 
plates  produced  in  the  workshops  of  mechanical  engineers  the  same 
lateral  elimination,  and  the  same  capsules. 

The  first  observations  on  the  punching  of  lead  are  found,  moreover, 
verified  for  a  hard  metal  such  as  iron,  punched  cold. 


Experiment  of  June  3,  1864,  on  the  crushing  of  a  cylindric 
block  made  up  of  twenty  plates  of  lead. 

These  twenty  plates  had  together  a  thickness  of  0°-0G3  =  2'48 
inches,  and  a  common  diameter  of  0m-060=  2-36  inches. 

This  diameter  had  been  produced  to  0m -110  =  4-39  inches,  by 
crushing,  at  the  centre  of  the  height,  and  to  0m'103  =  4-05  inches, 
and  0m-105  =  4-134  inches  at  the  ends,  the  original  height  being  thus 
found  reduced  to  0m-108  =  4-253  inches.  All  the  plates  are  Dot  found 
to  comport  themselves  in  the  same  manner.  The  end  (that  is,  the 
top  and  bottom  plates,  fig.   3)   are  scarcely  increased  in   diameter, 

Kg.  3. 


whilst  the  edges  of  the  intermediate  plates  are  bent  up  all  round,  in  a 
manner  as  to  form  with  them  the  flat  upper  and  lower  faces  of  the 
crushed  or  compressed  block. 

The  thin  or  shallow  block  (galette)  thus  formed,  being  cut  across  the 
axis,  it  is  found  that  the  deformations  were  not  identical  for  all  the 
blocks.  On  the  oontrary,  it  was  seen  that  the  deformation  was  pro- 
duced especially  at  the  centre  of  the  block,  a  flow  from  the  axis  to  the 
circumference  having  taken  place  ;  and  the  lines  of  joint,  which  were  at 
first  parallel,  formed  by  the  compression  a  sort  of  saucer,  very  thin  and 
spread  out  at  the  centre,  and  growing  thicker  towards  the  edges,  which 
shows  in  what  direction  the  displacement  of  the  molecules  took  place. 

Poncelet  had  long  sinoe  pointed  out  how,  resulting  from  the  resistance 
due  to  friction,  the  expansion  or  thinning  out  of  the  base  of  a  cylinder 
was  prevented,  in  an  investigation  upon  the  more  marked  thinning  or 
compression  (epanouissement)  which  was  produced  in  the  central  por- 
tions ;  but  this  retardation  is  in  reality  much  greater  than  the  exterior 
appearance  would  give  reason  to  suppose,  since  the  experiment  actually 
shows  that  the  original  vertical  wall  {paroi)  becomes  folded  into  the 
plane  of  the  base  in  a  manner  to  increase  the  diameter  of  the  primitive 
or  original  base.  The  lines  of  joints  of  the  upper  and  lower  plates  after 
compression  become  curved  to  their  extreme  edges,  and  the  parts  which 
were  formerly  vertical  edges  are  now  thinned  out,  and,  as  it  were,  run  or 
flow  into  the  planes  of  the  upper  side  and  base  of  the  crushed  cylinder. 
Thus  each  of  the  planes  of  the  original  joints  is  transformed  alternately 
into  a  convex  and  concave  surface.- 

This  experiment  is  especially  cited  because  the  result  produced  jus- 
tifies in  a  prominent  manner  the  rather  strange  expression  employed 
when  speaking  of  the  flow  of  solids  {Vecoulement  des  solides). 

This  block  of  twenty  plates  had  been  compressed  between  two  blocks 
of  metal.  One  of  these  pieces  was  of  cast  iron,  dressed  by  a  file ;  and 
the  impression  {thinning)  is  apparent  on  the  surface  of  contact  of  that 
piece,  following  the  concentric  couched  disposition  previously  indicated. 
The  other  supporting  piece  was  of  malleable-iron  plate  surfaced  in  a 
planing  machine,  the  striated  toolmarks  being  allowed  to  remain  on  it. 

These  stria?,  all  of  which  were  parallel,  formed  so  many  little  canals, 
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which  were  almost  microscopically  small — three  such  canals,  with  their 
divisional  boundaries  or  ridges,  being  equal  to  a  millimetre  in  breadth 
over  all.  They  sufficed,  however,  to  considerably  facilitate  the  flow  of 
the  crushed  metal ;  moreover,  the  lines  of  joints,  as  they  became 
successively  impressed  upon  that  surface,  spread  out  in  an  oval  in 
place  of  a  circle,  their  normal  form  ;  and  the  circles  of  the  original 
vertical  wall  of  the  cylinder,  now  having  flowed  over  parallel  to  the 
surfaces  of  compression,  these  also  become  converted  into  oval  forms, 
the  major  axis  of  which  is  situated  parallel  to  the  direction  of  the  little 
canals.  This  last  fact  has  been  reproduced  in  a  great  number  of 
experiments,  and  should  be  enough  to  distinctly  indicate  the  marked 
fluidity  of  solid  bodies  when  acted  upon  by  great  pressures. 


Experiment  of  August  24,  1864,  on  the  simultaneous  flow,  at  the 
edge  and  at  the  centre,  of  a  block  formed  of  two  plates  of  lead. 

Two  plates,  3  millimetres  = -1 179  inch  in  thickness,  and  100 
millimetres  =  3-93  inches  in  diameter,  were  placed  under  a  hammer. 
They  rested  upon  a  plate  pierced  at  the  centre  by  an  orifice  20 
millimetres  =  -7860  inch  in  diameter,  and  there  was  placed  upon 
the  upper  surface  of  the  second  plate  a  steel  cylinder  of  50  millimetres 
=  1"965  inch  in  diameter;  which  cylinder  was  formed  with  a  sharp 
point  at  the  centre  of  its  upper  end,  so  that  when  struck  by  the  hammer 
I  he  force  of  the  blow  might  be  evenly  imparted  to  the  whole  of  the 
surface  of  the  plate  immediately  below  the  cylinder. 

The  compression  having  been  determined  by  ten  successive  blows  of 
the  hammer,  the  different  pieces  were  lifted  off,  and  it  was  found  that 
the  original  thickness  of  the  plates  had  been  reduced  to  2  millimetres 
=  "0786  inch,  over  the  whole  part  comprised  between  the  two  faces 
of  the  pieces  of  metal  over  which  the  pressure  had  taken  place. 
Throughout  the  whole  of  these  parts  of  the  plates,  the  two  faces 
(upper  and  lower)  remained  flat,  as  well  as  the  surface  of  the  joint ;  but 
beyond  this  and  at  the  centre  the  plates  had  undergone  very  consider- 
able and  remarkable  modifications. 

At  the  exterior  (see  fig.  4)  the  plates  became  curved  upwards  in  the 

Fig.  4. 


form  of  a  widely  open  tulip,  their  thickness  gradually  thinning 
down,  as  if  the  stream  of  matter  that  the  force  of  the  blows  had 
extruded  had  at  the  same  instant  a  thickness  determined  by  that 
of  the  part  compressed,  the  two  thicknesses  being  found  the  same. 

This  very  regular  tulip-shaped  cup  ot  lead  recalls,  but  under  more 
distinct  conditions,  the  beautiful  aeauthus-shaped  leaves  obtained  by 
MM.  Piobert,  Morin,  and  Didion  in  their  experiments  on  the  stroke  of 
leaden  projectiles. 

It  is  possible  to  determine  the  exact  nature  of  the  surfaces  thus  trans- 
formed, but  it  will  suffice  at  present  to  assert  that  the  transforma- 
tion results  geometrically,  from  the  gradual  flow  of  metal  of  the 
cylindric  ring  comprised  between  the  two  points  which  exert  the  com- 
pression, as  well  as  from  the  resistance  that  the  ring  thus  extruded  at 
the  same  instant  experiences,  in  consequence  of  its  connection  with 
the  neighbouring  molecules  at  once  introduced  into  the  thinned  part  of 
the  plate. 

At  the  centre  the  modifications  are  of  the  same  order. 

The  portions  of  the  plates  squeezed  through  the  central  hole  in  the 
lower  plate  form  a  sort  of  hollow  jet  (ddbouchure),  thick  at  the  centre; 
and  from  this  point  the  walls  of  the  hollow  debouchure  diminish  iu 
thickness,  in  a  manner  similar  to  what  has  previously  been  shown  for 
the  outer  extruded  portions  of  the  plates.  The  central  flow  of  the 
metal  would  appear  to  have  drawn  together  the  middle  parts  of  the 
plates,  and  to  have  transported  them  to  the  extremity  of  the  jet. 


This  example  proves  very  clearly  that  the  vertical  pressure  between 
the  two  supports  (upper  and  lower)  is  transmitted  through  the  leaden 
block  to  the  free  parts  at  the  centre  opening  of  the  bottom  plate,  and 
at  the  circumference  of  the  two  plates  between  which  the  pressure  is 
exerted,  and  that  this  action  has  produced  two  jets  or  flowings  of  metal 
of  different  forms,  but  both  possessing  one  common  property — that  the 
thickness  of  the  walls  in  each  case  successively  or  gradually  diminishes, 
and  the  original  plane  surfaces  become  changed  into  those  of  a  curved 
form,  approaching  more  or  less  the  form  of  a  cylinder,  and  representing 
the  result  of  the  two  contrary  actions ;  one  of  these  depending  on  the 
fact  of  transmitted  pressure,  the  other  on  the  bending  or  cohesion  of 
the  particles  of  the  material. 

This  circumstance,  which  appears  paradoxical,  it  is  difficult  to  other- 
wise explain,  from  the  void  or  empty  space  in  the  central  jet  occur- 
ring precisely  at  the  single  point  where  the  pressure  which  should 
be  transmitted  to  the  mass  of  lead  is  not  counterbalanced  by  the  resist- 
ance of  an  interior  support.  It  is  believed  that  the  jet,  in  place  of 
being  cylindrical  at  the  exterior,  becomes  contracted,  so  that  the  original 
thickness  of  the  plates  becomes  much  reduced.  From  this  one  analogy 
with  the  flow  of  liquids,  it  enables  an  analysis  to  be  made  of  the  prin- 
ciples which  determine  for  all  bodies  the  contraction  [vena  contractu,) 
so  long  since  observed  in  the  flow  of  liquids. 

The  experiment  which  will  presently  be  described,  considered  in  its 
entirety,  realizes  the  double  flow  which  was  simultaneously  obtained 
through  an  orifice  at  the  centre  as  well  as  one  at  the  exterior. 

It  was  made  much  more  quickly,  as  the  pressure  was  produced  by 
means   of    an    hydraulic   press ; 

but  in  order  to  vary  as  much  as  Fig.  5. 

possible  the  mechanical  elements 
of  the  question,  it  was  thought 
preferable  in  this,  the  third  list 
of  experiments,  to  attract  atten- 
tion to  one  of  the  samples  of 
material  experimented  upon,  in 
which  the  compression  and  con- 
sequent flow  was  produced  by  means  of  hammer  blows :  both  the 
experiment  with  the  press  and  with  the  hammer  furnished  analogous 
results. 

The  influence  of  the  ring  or  boundary  outside  the  plates  is  completely 
shown  in  the  sample  experimented  upon  on  the  20th  August,  1864. 
See  fig.  5. 

(To  be  continued.) 


RIFLED  CANNON— THE  CHOICE  OF  GROOVES. 

The  only  British  author,  so  far  as  our  knowledge  extends,  who  has 
investigated  in  a  rigid  manner  the  movements  of  projectiles  in  rifled 
cannon,  in  relation  to  the  obliquity  of  spiral  and  other  forms  of  the 
grooves,  &c,  is  Captain  Noble,  R.A.  An  abstract  of  his  paper  on 
the  subject,  which  appeared  some  time  back  in  the  Philosophical 
Magazine,  we  gave  at  that  period  in  the  pages  of  this  Journal. 

Since  that  the  whole  subject  has  been  again  submitted  to  a  more 
extended  analysis  by  Major  Terssen  of  the  Belgian  Artillery.  His 
memoir  appeared  in  the  pages  of  the  foreign  military  journal  published 
at  Liege  which  he  so  ably  edits,  La  Revue  de  la  Technologie  Mili- 
laire;  and  as  that  journal  appears  to  be  scarcely  known  in  Great 
Britain,  even  amongst  officers  of  the  scientific  corps  of  our  army,  and 
Major  Terssen's  investigations  have  never  appeared  in  English,  we 
have  deemed  it  well  worthy  of  translation,  and  now  present  the  first 
portion  of  the  memoir  to  our  readers.  It  times  itself  well  with  the 
remarks  we  have  felt  called  upon  to  make  upon  the  recent  Report  of 
the  Ordnance  Select  Committee  of  Woolwich  on  the  same  subject. — Ed, 

NEW  CONSIDERATIONS  ON  THE  MOTION  OF  PROJECTILES  IN  THE 
CHASE  OF  RIFLED  CANNON,  AND  ON  THE  PRESSURES  WHICH 
ARISE  FROM  THIS  MOTION. 

By  Major  E.  Tersses. 

The  question  of  the  motion  of  the  projectile  in  the  chases  of  rifled 
guns  is  of  such  evident  importance,  that  it  would  be  wearisome  to 
insist  upon  it.  Mr.  Noble  has  placed  it  in  its  true  position,  and  the 
solution  which  he  has  given  to  it  Is  remarkable  in  every  respect. 
Nevertheless,  this  solution  is  as  yet  incomplete,  or  rather  unachieved, 
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for  it  does  nut  comprise,  or  at  least  not  explicitly,  the  case  most 
common  in  practice,  that  in  which  the  driving  edge  of  the  grooves  is 
generated  by  a  right  line  which  does  not  pass  through  the  centre  of 
the  section  of  the  bore.  Mr.  Noble,  it  is  true,  announces  his  intention 
of  ultimately  following  up  the  track  on  which  he  has  made  such  a 
good  commencement :  if  he  does  so,  the  considerations  which  we  pub- 
lish here  will  perhaps  be  useful  to  him ;  if  he  gives  it  up,  they  will 
serve  as  a  supplement  to  his  memoir. 

Mr.  Noble's  closing  formula} — those  which  sum  up  his  whole  work — 
are  four  in  number;  they  are  equations  (13)  and  (16),  (26)  and  (27). 


Fig  1. 


Fif;.  4. 


Fig.  3. 


Formula;  (13)  and  (26)  give  the  ratio  between  the  resultant,  R,  of  all 
the  pressures  which  act  normally  to  the  guiding  surfaces  of  the  bore, 
and  the  pressure  of  the  gases,  G,  which  acts  ou  the  moving  body. 
Formulae  (16)  and  (27)  indicate  the  increment  of  the  pressure  G,  due 
to  the  resistance  of  these  same  surfaces,  such  as  the  friction  which  the 
pressure  R  gives  rise  to. 

But  formulae  (13)  and  (16)  are  only  applicable  when  the  driving 
surfaces  of  the  grooves  are  generated  by  a  right  line  which  passes 
through  the  centre  of  the  section  of  the  bore  (fig.  1),  and  the  author 
only  applies  formulse  (26)  and  (27)  to  the  special  case  in  which  the 
section  of  the  bore  is  a  polygon  (fig.  3)  or  an  ellipse  (fig.  4).  We  first 
propose  to  show  that  formulae  (26)  and  (27)  are  general,  and  we  shall 
deduce  from  the  first  a  new  formula  (B),  which  will  be  applicable  for 

grooves  whose  driving  surface  is 
generated  by  a  right  line  passing 
through  the  centre  of  the  section 
of  the  bore,  which  is  the  mode  of 
generation  usually  adopted.  We 
shall  then  show  how  we  may  trans- 
form formulse  (13)  and  (26)  into 
others,  (D)  and  (E),  with  the  utmost 
simplicity,  and  that  this  will  give  us 
the  means  of  resolving  all  problems 
relating  to  the  pitch  of  the  spirals 
and  the  inclination  of  the  driving 
surface  of  the  grooves.  We  shall 
finish  by  a  variety  of  applications, 
with  the  double  object  of  showing 
the  real  influence  of  the  different 
factors  which  enter  into  the  problem,  and  the  real  agreement  which 
subsists  between  the  formulse  of  the  author  and  the  common  formulae 
which  we  propose.  We  shall  finish  our  work  by  a  chapter  on  the 
influence  of  the  inclination  of  tbe  guiding  surfaces — an  important 
question  which  has  not  been  entered  upon  by  Mr.  Noble. 

I. —  GENERAL   CASE    OF    GUNS   WITH   CYLINDRICAL   BORES.       THE 
MOST   SIMPLE    FORMULA. 


Mr.  Noble's  formulse  (13)  and  (16)  are — 

R_  2^VH^ 


G         rh   %  —  rt+2if!  (//,  x  +  1) 

2«y 


•    (13) 


(16) 


:(2fffsx  —  rh)  + 


;&*f+rhx) 


In  these  formula;,  and  in  those  which  follow,  R  is  the  pressure  of 


the  projectile  normal  to  the  guiding  surfaces,  and  G  the  pressure  of 
the  gases.     The  other  letters  have  the  following  meanings  : — 

p  is  the  moment  of  inertia,  and  />s  is  the  quotient  obtained  by  dividing 
the  moment  of  inertia  of  the  projectile  by  its  mass.* 

t  is  the  distance  of  the  element  of  the  guiding  surface  P,  which  is 
considered  at  the  axis  of  the  bore  (figs.  1  and  3).  We  may  without 
inconvenience  identify  it  with  the  radius  of  the  bore  (with  the  radius 


Fig.  2  bis. 


of  the  circumscribing  circle,  if  the  section  of  the  bore  be  a  polygon),  in 
the  same  way  as  we  may  identify  the  radius  of  the  bore  with  the  radius 
of  the  projectile. 

h  is  the  pitch  of  the  spirals. 

x  is  the  trigonometrical  tangent  of  the  angle  PAN  (fig.  2  bis), 
formed  by  the  tangent  to  the  spiral,  formed  by  the  element  P  and  its 
projection  on  the  base  of  the  cylinder,  or  else  the  cotangent  to  the 
angle  A  P  N,  by  which  the  inclination  of  the  spiral  is  often  denoted. 

—  is  the  arc  which  measures  the  angle  BOP  (fig.  3)  formed  by  the 

radius  0  P  and  the  perpendicular  let  fall  from  the  centre  to  the  side  of 
the  polygon  :  <s  is  equal  to  180°,  and  n  is  the  number  of  sides  of  the 
polygon. 

ft  is  the  coefficient  of  friction,  estimated  at  ^th. 

Replacing  h  by  2  <s  t  x  in  virtue  of  the  proportion 


equation  (26)  becomes 

R_ 

G~~ 


1  :  x  :  :  2  t  t  :  k, 


it 
sin  — 
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(A) 


f/,X 


-  <r x°  +  f)  —  "7==a  (r-  f) 

vWk-)2        Vi+** 

We  have  just  said  that  P  is  the  element  of  the  guiding  surface  under 
consideration,  and  in  fact  we  have  only  to  notice  the  direction  of  rota- 
tion indicated  by  the  arrow,  a  b  (fig.  3),  to  be  assured  that  it  is  on  this 
element  that  the  pressure  R  acts.  But  if  we  prolong  the  side  G  P  of 
the  inscribed  polygon  by  a  quantity,  P  E,  and  take  this  prolongation 

*  Representing  by  I  the  moment  of  inertia  of  the  projectile  referred  to  its  axis, 
and  its  mass  by  M,  we  have  Mp2  =  I.  This  expression  has  the  advantage  of 
being  independent  of  the  form  of  the  body.  Poinsot  defines  p,  the  side  of  the  mean 
square  between  the  squares  of  the  distances  of  all  the  equal  molecules  of  the  body  at 
the  axis  under  consideration.     ("  New  Theory  of  Rotation,"  p.  65.     Paris,  1851.) 
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for  the  generator  of  the  driving  surface  of  the  groove,  restoring  the 
cylindrical  form  to  the  bore  (fig.  3  bis),  it  is  evident  that  the  element 
P  will  be  under  exactly  the  same  conditions  as  before.     The  quantities 


Fig.  3  bis. 


r,  ■/.,  and  -  will  consequently  pre- 
serve the  same  values ;  but  p2  will 
become  -  r2,  because  the  projectile 
becoming  cylindrical,  its  moment  of 

inertia  referred  to  its  axis  is  -  M  r„. 
2       2 

Fig.   3  bis    shows   that   the   angle 

E  P  Q  formed  by  the  generator  P  E 

the  driving  surface  of  the  groove, 

and  the  tangent  to  the  circle  at  the  point  P  is  equal  to  the  angle  BOP 

IT 

of  fig.  3,  which  is  measured  by  the  arc  -.     Generally,  we  shall  denote 

IT 

this  angle  E  P  Q  by  i ;  whence  -  =  n  in  the  case  of  a  bore  of  poly- 
gonal section. 

1    ,        t 
Replacing  f  by  -  r2  and  -  by  £  in  equation  A,  we  have 


R 
G 


v> 


(2  *-  +  1)  —  -' 

-fsin2£  \/l 


fl  x 


(B) 


+  «• 


Making  e  =  90°,  which  is  the  same  thing  as  making  the  generator 
of  the  driving  surface  of  the  groove  pass  through  the  centre  of  the 
section  of  the  bore  (fig.  1),  this  equation  becomes  reduced  to 


G 
"R 


2  j'-hi«  +  1 


(C) 


But  if,  in  Mr.  Noble's  equation  (13),  we  replace  h  by  2ttx,  and 

f?  by  -  t2,  we  arrive  at  exactly  the  same  result.     Whence  we  conclude 

that  equation  (B)  is  the  true  general  equation  for  cannons  with  cylin- 
drical bores,  and  that  equation  (1 3)  is  only  a  particular  case  of  it. 

Equation  (B)  shows  that  the  pressure  on  the  groove  diminishes  when 
x  increases,  i  being  constaut,  as  i8  evident  otherwise.  But  when  we 
have  to  resolve  the  equation  in  reference  to  x,  we  eucounter  very 
great  difficulties;  and  it  is  the  same  with  reference  to  e. 

In  order  to  see  what  happens  when  s  increases  or  diminishes,  x 
being  constant,  we  put 

sin  e  /     sin2  £     \V 

=  U8+sin2J" 


\  /V-f-  sin 


If  the  angle  e  increases,  the  two  terms  of  the  fraction  increasing, 
but  the  numerator  increases  more  rapidly  than  the  denominator:  then 
the  value  of  the  fraction  increases,  but  that  of  R  diminishes. 

The  greatest  value  of  sin  e  corresponds  to  i  ■=■  90°:  the  value  of  R 
given  by  equation  (C)  is  then  the  smallest  possible  for  a  given  value  of 
x.     The  greatest  value  of  R  is  given  by  the  condition 


whence  we  get — 


(2*2+l) 


ft,  x 


V1+** 


2^/^+2" 


This  value  is  very  small ;  in  fact,  if  we  make  x  =  133697  as  for 
the  first  7-inch  gun  cited  by  Mr.  Noble,  and  ft,  =  £,  we  get  £  =  0°'20'. 
We  may  then  conclude,  in  a  general  way,  that  the  smaller  the  angle  e 
is,  the  greater  is  the  pressure  R. 

The  angle  e,  which  the  generator  of  the  driving  surface  of  the  groove 
makes  with  the  tangent,  being  supposed  constant  for  a  given  system  of 

rifled  guns,  formula  (B)  shows  that  the  ratio  —  depends  uniformly  on 

G 


2  <irr' 


,  and  reciprocally.     If, 


then,  we  suppose  that  the  ratio  — 


be  constant  for  all  calibres  of  the  same  system,  the  ratio  -  is  also 

constant.* 

This  law  seems  reasonable,  judged  of  by  mere  analogy  ;  but  when 
we  reflect  that  the  parts  by  which  the  projectiles  press  on  the  guiding 
surfaces  of  the  bore  are  often  made  of  a  softer  and  less  resisting  metal 
than  the  remainder  of  the  projectile,  we  see  that  it  is  only  really  appli- 
cable in  a  small  number  of  systems,  such  as  the  Whitworth  system. 
If,  for  example,  we  wished  to  apply  it  to  a  system  of  lead-coated  pro- 
jectiles, we  could  not  reason  from  the  smaller  calibres  to  the  greater, 
without  being  liable  to  exceed  the  limit  of  resistance  for  lead :  it  would 
then  be  necessary  to  reason  from  the  greater  to  the  smaller,  and,  in 
this  case,  the  smaller  would  have  too  great  a  pitch  in  regard  to  this 
said  limit. 

The  best  mode  of  calculating  the  pitch  proper  for  a  piece  of  a  given 
system  appears  to  us  to  be  this :  determine  the  value  of  R  by  the  resist- 
ance of  the  guiding  parts  of  the  projectile,  which  we  may  generally 
deduce  from  other  pieces  of  the  same  system  ;  then  determine  the 
value  of  G  according  to  the  initial  velocity  which  it  is  desired  to  obtain, 


We  shall  apply  this  method 


R 


and  calculate  x  according  to  the  ratio 

G 
farther  on  {vide  fifth  example). 

To  calculate  the  pitch  which  corresponds  to  a  given  value  of  — ,  it 

G 
is  indispensable  to  find  the  value  of  x.     This  we  are  about  to  do. 

The  general  equation  (B)  not  being  resoluble  in  terms  of  x,  we  take 
equation  (C),  which  is  only  (B)  when  s  is  made  =.  90°.  We  shall  see 
at  once  how  we  take  account  of  the  angle  e. 

By  squaring  both  members  of  equation  (C),  and  inverting  the  ratios, 
this  equation  becomes — 

(2»i-^»  +  l)!_  G2 

x2+l  R2 

Performing  the  said  operations  and  simplifying,  we  get — 

2  fix  —  ij?+  1        l^G2 
4(*2  +  l)        _4R~2 

The  second  term  of  the  first  member  of  this  equation  is  very  small ; 
for  example,  if  we  make  x  =  13-3697,  as  in  the  English  7-inch  gun, 
this  term  becomes  0-0075  or  000056  x.  It  may  accordingly  be 
neglected,  and  then  the  equation  becomes  simply — 


(-*)'+ 


-*(!+*) 


R 


To  prove  how  close  to  the  truth  this  equation  is,  let  us  replace  -pr  by 

003764  a  value  which  we  have  found  for  the  said  7-ineh  gun  already 
referred  to;  x  then  is  found  to  be  13-3658.  The  error  in  the  tangent 
is  consequently  only  00039,  or  about  0°  0'  0"  in  the  angle  of  inclina- 
tion of  the  spiral,  which  is  inappreciable  in  practice. 

Formula    (C),   and   consequently   Mr.   Noble's   formula   (13),   are 
reduced  for  purposes  of  calculation  to 

!R 1_ 

G  " 


2x- 


ft, 


(E) 


We  then  sought  by  analogy  to  see  what  the  form  of  the  reduced 
equation  (B)  ought  to  be,  such  that  it  should  bear  the  same  relation  to 
(B)  that  (E)  does  to  (C),  and  we  found  that  the  formula 

1  =  - (D) 

G        2  x  sin  s  —  ft, 

fulfils  this  condition.     We  see,  in  fact,  by  numerical  applications,  that 
this  formula  is  quite  sufficiently  exact  for  practice. 

Formula  (D)  may  then  replace  formula  (B),  which  is  only  Mr. 
Noble's  formula  (26),  adapted  generally  to  rifled  guns  with  cylindrical 
bores. 

<:  We  arrived  at  the  same  result  in  another  way  in  an  article  inserted  in  No.  5 
of  1860  of  the  Journal  des  Armes  Speciales,  and  reproduced  in  German  in  the 
excellent  review  entitled,  Archivfur  die  ofliziere  der  K  Preussischen  artillerie  und 
ingenieur-corps,  tome  1. 
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We  do  not  regard  formula  (A)  in  these  researches,  because  it  is  only 
applicable  to  a  special  case,  that  in  which  the  section  of  the  bore  is  a 
polygon. 

In  other  cases  this  formula,  which  is  itself  a  reduction  of  formula 
(26)  of  the  author,  is  not  susceptible  of  further  simplification  on  account 
of  the  quantity  p,  which  varies  with  the  number  of  the  sides  of  the 
polygon. 

II. — NUMERICAL  APPLICATIONS. 

Formulae  (D)  and  (E),  at  which  we  arrived  in  the  preceding  chapter, 
have  not  only  the  advantage  of  very  great  simplicity ;  they  give  the 
immediate  solution  of  all  questions  relating  to  the  pitch  of  the  spirals, 
or  the  angle  of  inclination  of  the  driving  edge  of  the  grooves,  which  it 
is  impossible  to  get  from  the  author's  formulae.  It  is  in  this  respect 
especially  that  our  formulae  will  be  useful. 

In  fact,  the  general  formula  (D)  gives 


h  (£+»)■■ 


2  sin  £ 


G 


(F) 


(G) 


sin  £   V  R  ^  py 


Formula  (E)  gives  the  same  results  when  we  make  e  =  90°. 

It  remains  to  be  seen  that  formula?  (D)  and  (E)  are  sufficiently 

R 

exact,  by  comparing  the  numerical  values  of  —  given  by  these  formulae 

Gr 

with  those  obtained  by  the  author's  formulae,  or  rather  by  formulae 

(B)  and  (C),  which  are  those  of  the  author  simplified. 

R 
To  avoid  confusion,  we  shall  first  calculate  the  values  of  —  by 

G 

formula?  (B)  and  (C) ;  and  we  shall  then  collect  all  the  results  into  a 
table,  showing  for  comparison  the  values  calculated  by  formula?  (D) 
and  (E). 

R 

Still,  we  shall  not  be  satisfied  with  calculating  the  values  of  —  ;  we 

G 

shall  also  determine  the  pressures  G  and  R  by  means  of  the  author's 

formula?  (16)  and  (27),  and  show  the  usefulness  of  our  formulae  (F) 

and  (G)  by  the  solution  of  various  problems. 

We  shall  finally  give  an  application  of  formula  A,  taking  for  examples 

a  gun  of  octagonal  and  one  of  hexagonal  section. 

First  Example. 

In  his  treatise  on  rifled  guns,*  M.  Rulzky  makes  mention  of  some 
experiments  executed  in  France  on  cannons  the  grooves  of  which 
differed  in  the  inclination  of  their  driving  surfaces.  The  angle  s, 
formed  by  the  generator  of  the  driving  face  and  the  tangent,  was  20° 
in  the  one  case  and  40°  in  the  other.  Suppose  two  4  kilo,  guns  of  a 
calibre  of  0m'0865  and  of  a  pitch  of  2m-250,  whence 

h 
2~? 


:  =  - =  8-2796. 


Making  successively  i  '=  20°  and  £  =  40°,  equation  (B)  gives — 

R 

For  the  first  cannon, —  =  0-1807 

G 


For  the  second  cannon, 


R_ 
"G 


=  0-0950 


If  the  angle  i  were  90° — that  is  to  say,  if  the  generator  of  the 

driving  face  were  a  prolongation  of  the  radius  of  the  bore — we  should 

only  have 

R 

—  =  0-0610. 

Gr 

The  ratio  —  between  the  pressure  of  the  projectile  on  the  grooves 
G 

and  the  pressure  of  the  gases  on  the  projectile,  is  consequently  2'96 

times  greater  in  the  first  cannon  than  in  the  third,  and  1-56  times 

greater  in  the  second  than  in  the  third. 

•  Die   Einrichtung   und  die   construction  aller  gezor/euen   Geschiitze,  p.   25- 
Vienna,  1863. 
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But  the  value  of  G  in  the  three  ratios  which  we  have  just  found  is 
not  the  same,  for  the  tension  of  gases  increases  with  the  resistance 
offered  by  the  grooves,  which  is  equal  and  contrary  to  the  pressure  of 
the  projectile.  We  cannot,  then,  compare  mutually  the  pressures  R 
given  by  these  ratios. 

To  get  values  for  R  capable  of  comparison,  suppose  that,  all  other 

things  being  the  same,  the  three  guns  be  not  rifled,  and  call  G,  the 

pressure  of  the  gases  under  this  hypothesis.      We  shall  have,  after 

it 
replacing  -  by  £  in  Mr.  Noble's  equation  (27) : 
n 

,-,         „.„//"■"  Bins         \ 

G  =  G,  +  R  (       .1 -\ .  )   .     .     (27) 

\y/l  +  rf       \/V+sin2£/ 


or,  if  £  =  90°— 


G  =  G,  +  R 


ft,  X 


V 


1   +  X* 


(16) 


The  second  term  of  the  second  member  of  these  equations  is  the 
resultant  in  the  axis  of  the  bore  of  the  pressure  R,  and  of  the  friction 
which  this  pressure  gives  rise  to.     In  equation  (27),  by  putting  suc- 

R 

cessively  for  R  its  values  got  from  the  ratios  — ,  and  resolving  the 

G 

equation  in  terms  of  G  we  get — 

For  the  first  cannon, G  =  1-0388  Gt 

For  the  second  cannon,   ......     G  =  1-0236  Gt 

For  the  third  cannon,      .     .     .     .     G  =  10177  Gx 

Consequently  the  pressures  on  the  grooves  are — 

For  the  first  cannon, R  =  0-1877  Gt 

For  the  second  cannon,  .     .     .     .     R  =  0-0973  Gl 
For  the  third  cannon,      .      .      .      .      R  =  006216, 

It  results  from  this  that  the  pressure  on  the  grooves  is  3-02  times 
greater  in  the  first  cannon  (i  =  20°)  than  in  the  third  (e  =  90°),  and 
1-57  times  greater  in  the  second  (£  =  40°)  than  in  the  third. 

Problem. — Suppose  we  give  the  grooves  a  pitch  of  3m-200,  what 
inclination  can  we  give  the  driving  edge  of  the  grooves  without  the 

R 

ratio  —  exceeding  that  which  we  have  found  for  the  third  cannon  ? 
G 
The  pitch  being  3m-200,  we  have  x  =  11 '775.    It  is  sufficient,  then, 

j  TJ 

to  put  this  value  for  x,  and     ngi  for  —  in  equation  (F) ;  and  then 


0061 


G 


Sia  £  ~  11-775  X  2  (Foe!  +  1")! 
£  =  40°  41'. 

Second  Example. 

The  calibre  of  the  Spanish  guns  of  16  centimetres  (32-pounders), 
Nos.  1  and  3*  is  0m-161,  and  the  pitch  6m-500  ;  whence  x  =  12-851. 
The  inclination  of  the  generator  of  the  guiding  surfaces  with  the  radius 
is  40° ;  consequently  we  have  e  =  90°  —  40°  =  50°. 

Formula  (B)  gives 

4  =  0-05116. 

G 

i 

If  the  generator  of  the  driving  edges  of  the  grooves  were  a  produc- 
tion of  the  radius,  we  should  only  have 

-5-  =  003916. 
G 

The  first  ratio  is  then  1-31  times  greater  than  the  second. 

Problem. — What  pitch  must  be  given  to  the  grooves,  the  angle  i 

being  =  90°,  such  that  the  ratio  —  shall  be  equal  to  that  got  when 

i  =  90°  with  a  pitch  of  6'500  metres? 

*  These  guns  are  intended  for  field  and  garrison  service ;  they  are  of  cast  iron, 
and  hooped.  No.  1  weighs  4100,  and  No.  3  2835  kilos.  The  bore  has  three 
grooves,  and  the  shell  six  wings. 

2    T 
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P  1 

Replacing  t  by  50°,  and  —  by  -n  riQnlg  in  the  second  equation  (G), 


R     J  003916 


we  have 


0-0805  v  /      1 1\ 

—    sin  50°    V0l)391G  "*"  TJ' 

k  =  8-485  metres. 

Third  Example. 

The  calibre  of  the  12-kilo.  Dutch  rifled  gun*  is  0m-125,  and  the 
pitch  of  the  grooves  3™-650  ;  whence  x  =  9'2946.  The  generator  of 
the  driving  face  is  parallel  to  that  radius  which  divides  the  groove  into 
two  equal  parts,  and  the  width  of  the  grooves  is  0m-018.  The  angle 
formed  by  the  generator  and  the  production  of  the  radius  is  conse- 
quently 8°  16'  45" ;  whence  s  =  90"  —  8°  16'  45"  =  81°  43'  15". 

Formula  (B)  gives 

~  =  0-05485. 

G 

If  £  were  90°,  we  should  have — ■ 

R 

—  =  005428. 

G 

This  example  shows  that  the  influence  of  the  angle  £  on  the  value  of 
R  . 
—  is  very  slight  when  this  angle  approaches  90°. 

First  Problem,— The  shell  weighs  12-760  kilogrammetres,  and  the 
shrapnel  13-800  kilogrammetres:  suppose  the  initial  velocity  of  the 
first  be  u  =  300  metres,  and  that  of  the  second  u'  =  288  metres. 
What  is  the  pressure  on  the  grooves  in  each  case  ? 

Calling  R,  G,  and  Gt  the  pressures  which  take  place  in  the  discharge 
of  the  shell,  and  R',  G',  and  G',  those  which  take  place  in  firing  the 
shrapnel  (vide  first  example),  we  first  get 

R        R' 

_  =  -  =  0-05485. 

Suppose  that  the  velocity  of  the  projectile  at  the  instant  under  con- 
sideration be  equal  to  its  initial  velocity,  we  shall  have — 

G,  =  M  uandG'i  =  MV; 
whence — 


_         12k-76 
G,=-_ 

15k-80 


x  300™  =  390-26  kilogrammetres. 


G',=  - 


x  288" 


405-19  kilogrammetres. 


Mr.  Noble's  formula  (27)  becomes- 


G  = 


G, 


1  —  0-05485 


V 


l  + 


+ 


yV 


+  siuJ  i 


J 


Whence : — 

G  =  M05G,=  396k--17. 
G'  =  1015  Gj  =  411km-32. 

Consequently  the  pressures  on  the  grooves  are  : — 

R  =  39617  x  0-05485  =  21km-73. 
R'=  411-32  x  0-05485  =  22km-56. 

If  the  ratio  —  be  required  merely,  we  at  once  have — 


R 


G/l 


=  1-038 


R        G, 

Second  Problem.— The  initial  velocity  of  the  shell  with  the  regu- 
lation charge  of  1  500  kilogrammetres  being  taken  at  300  metres,  what 
pitch  must  be  given  to  the  grooves  so  that  with  a  charge  giving  a 
velocity  of  340  metres  the  pressure  on  the  grooves  shall  not  exceed 
21-73  kilogrammetres? 

*  It  is  the  old  12  kilo,  long  cannon  of  bronze,  the  calibre  of  which  has  been 
increased  by  0-0051  metres.  Its  weight  is  1620  kilos.  The  shell  has  nine  zinc 
wings,  three  of  which  are  on  the  after  part  of  the  cylinder;  it  weighs  emptv  11-780 
kilos.,  and  fully  loaded,  12-700  kilos.  The  charge'  of  the  shell  is  0-750  kilos  ,  and 
that  of  the  piece  1-500  kilos. 


We  first  have — 

GY 


12k-76 


X  340m-=  442km-30 


The  preceding  problem  gives  u  =  300  ■ : — 
G  =  1-015  G,. 

R  =  1-015  G,  x  005485  =  21k™-73. 
Making  i/  =  340m',  without  changing  the  pitch  of  the  grooves,  we  have, 
G'  =  1-015  G',. 
R'=  1-015  G'i  x  005485. 
But  the  pressure  R'  must  equal  the  pressure  R ;  we  have  then — 


whence — 

Consequently- 
and 


:  1-015  G',  x  a  =  21km-73, 
=  0-04839. 


1015  G*! 
R'  =  1-015  G'i  x  0-04839, 

■p/  p/ 

-  =  -  =  004839. 


1-015  G'i       G' 

We  have  yet  to  know  what  pitch  the  grooves  must  be  given,  to  ob- 
tain this  result.    For  this  purpose,  it  will  be  sufficient  to  take  the  value 

R' 
for  — ,  which  we  found  in  the  second  equation,  (G)  : — 
G 

<!CT     /G'  \ 

h=^~  (r7   +  /*). 
Sill  £    \R  / 


From  which  we  get — 


h  =  4-047. 

(To  be  continued.) 


APPLICATION    OF   ELECTRICITY   TO   DEEP   SEA 
SOUNDING. 

We  translate  from  the  Genie  Industriel  the  following  description  of  a 
deep  sea  sounding  apparatus,  invented  by  M.  P.  Hedouin,  of  Lyons, 
and  which  formed  the  subject  of  a  paper  communicated  by  him  to  the 
Sociele"  des  Sciences  Industrielles  of  Lyons. 

The  sounding  or  measuring  the  depths  of  seas,  lakes,  and  rivers,  is 
usually  effected  by  a  line  and  plummet  of  sufficient  weight  to  facilitate 
immersion.  The  sudden  stoppage  in  the  descent  of  the  weight  on 
reaching  the  bottom  is  felt  by  the  hand  of  the  sounder,  who  then  ceases 
to  pay  out  any  more  line,  and  ascertains  the  depth  by  the  amount  of 
line  run  out.  This  mode  of  sounding  necessitates  great  skill  and 
peculiar  tact  on  the  part  of  the  operator.  It  answers  sufficiently  well 
for  slight  depths,  but  beyond  certain  limits  it  becomes  uncertain  and 
gives  rise  to  grave  errors,  and  many  devices  have  therefore  been  con- 
ceived for  indicating  the  precise  moment  when  the  lead  encounters 
the  bottom.  Amongst  these,  one  plan,  which  gives  an  approximation 
to  exactitude,  consists  in  causing  the  lead,  by  the  act  of  striking  the 
bottom,  to  release  itself  from  the  line,  and  thereby  cease  to  draw  upon 
it.  This  system,  far  from  being  perfect,  also  involves  great  care  and 
attention  and  considerable  tact  on  the  part  of  the  operator,  in  order  to 
distinguish  the  precise  moment  when  one  alone  of  these  two  combined 
effects — viz.,  the  constant  weight  of  the  lead,  and  the  gradually  increas- 
ing weight  of  the  line  paid  out — ceases  to  act ;  without  taking  into 
consideration  the  loss  of  the  weight  at  every  fresh  sounding. 

The  object  of  M.  Hedouin's  invention  is  to  indicate  automatically, 
by  the  aid  of  electricity,  the  contact  of  the  lead  with  the  bottom,  thus 
signifying  to  the  sounder  that  no  more  line  must  be  paid  out,  and  this, 
without  abandoning  or  losing  any  portion  of  the  apparatus.  The 
moment  of  contact  with  the  bottom  is  indicated,  whatever  be  the  depth 
sounded.  The  agent  employed  for  obtaining  this  result  is  electricity, 
generated  in  the  usual  manner.  The  appliances  requisite  for  the 
application  of  electricity  to  deep  sea  sounding  are — 1.  A  special  line 
wound  on  a  drum,  or  barrel.  2.  A  weight  in  two  parts,  one  entering 
the  other,  and  attached  to  the  end  of  the  line.  The  line  itself  is  a  cable 
of  suitable  thickness,  inclosing  two  conducting  wires,  which  are  insu- 
lated in  the  usual  manner  adopted  for  submarine  cables.  In  the  ship 
engaged  in  taking  the  soundings  is  placed  the  battery  for  generating  the 
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current  of  electricity,  of  which  each  pole  is  in  communication  with  one 
of  the  two  conductors  in  the  sounding  line,  which  protrude  therefrom  in 
an  insulated  state  from  one  end  of  the  line.  Whatever  be  the  length 
of  this  line,  if  at  its  opposite  extremity  the  ends  of  the  two  conductors 
are  brought  in  contact  with  each  other,  a  circuit  will  be  formed,  and 
an  electric  curreut  established ;  proceeding  from  the  battery  the  current 
will  pass  along  one  of  the  conducting  wires  to  the  end  of  the  line,  will 
return  to  the  battery  by  the  other  wire,  and  will  act  upon  any  con- 
venient indicating  apparatus.  Immediately  the  communication  between 
the  two  wires  ceases  the  circuit  is  broken,  and  the  current  is  stopped, 
which  is  instantly  shown  by  the  indicator.  The  sounding  lead,  or 
weight  attached  to  one  end  of  the  line,  serves  not  only  to  run  out  the 
line,  but  in  the  improved  system  it  serves,  by  its  contact  with  the 
bottom,  to  complete  the  circuit  and  establish  the  current  through  the 
indicator. 

Fig.  1  of  the  engravings  represents  a  vertical  section  of  the  windlass, 
with  the  soundiug  line  wound  thereon  ;  and  fig.  2  is  a  vertical  section 


Fig.  1. 


FiK.  2. 


N..i. 

taken  through  the  centre  of  the  weight,  and  the  portion  of  the  line 
attached  to  it.  The  weight  consists  of  a  main  block,  B,  of  any  suitable 
metal,  and  of  a  size  or  weight  regulated  by  the  currents,  and  the  greater 
or  less  supposed  depth  to  be  sounded.  This  block,  through  which  a 
central  opening  is  made,  is  securely  attached  to  the  line,  A,  by  a  lug,  b, 
a  little  above  the  extreme  end  of  the  line  which  enters  the  opening  in 
the  centre  of  the  weight.  To  this  end  of  the  line  is  attached,  by  means 
of  an  extensible  tubular  envelope,  D,  of  non-conducting  material,  the 
supplementary  block  or  communicator.  This  latter  consists  of  a  cylin- 
der, E,  sliding  freely  within  the  opening  in  the  main  block,  B,  and 
terminating  at  its  upper  end  in  a  communicator 
and  insulator,  and  below  in  a  disc,  c,  of  the  same 
diameter  as  the  main  block.  The  supplementary 
weight,  e,  is  connected  by  its  rod  or  stem,  c,  to 
the  extremity  of  the  line  by  means  of  the  insulat- 
ing extensible  sheath,  D,  in  such  a  manner  that, 
when  suspended,  the  disc,  c,  of  the  supplementary 
weight,  E,  shall  hang  out  of  contact  with  the  main 
portion,  B,  of  the  weight,  as  shown  in  fig.  2.  In 
this  position,  the  communicator  inside  the  sheath 
is  out  of  contact  with  the  conducting  wires  of  the 
line,  and  the  circuit  is  consequently  incomplete ; 
but  so  soon  as  the  weight  comes  in  contact  with 
the  bottom,  the  supplementary  weight,  E,  is  first 
brought  to  rest,  and  the  main  body  of  the  weight, 
bycontinuing  itsdescent  for  a  shortdistance,  causes 
the  stem,  c,  to  rise  within  its  sheath,  D,  thereby 
bringing  the  communicator  in  contact  with  the 
protruding  ends  of  the  two  conducting  wires  of 
the  line,  and  so  establishing  the  circuit.  The 
electric  current  is  thus  caused  to  pass  along  the  circuit  and  through  the 
indicator  at  the  precise  moment  of  contact  of  the  weight  with  the  bottom. 
When  the  line  is  coiled  upon  a  revolving  drum  or  barrel,  G,  as  shown 
in  fig.  1,  the  connection  between  the  conducting  wires  and  the  battery 
is  effected  by  bringing  the  conductors  through  the  axis  of  the  barrel, 


which  is  made  hollow  for  that  purpose,  and  by  terminating  each  in  an 
insulated  button,  g,  which  rubs  against  the  conducting  wire  in  its  rota- 
tion. The  indicator,  which  may  be  in  the  form  of  an  electric  signal 
bell,  or  be  otherwise  constructed,  may  either  be  replaced  by,  or  used  in 
addition  to,  the  stop  apparatus  shown  in  fig.  3,  which  arrests  the 
unwinding  of  the  line  by  a  detent,  F,  engaging  with  a  ratchet  wheel  on 
the  barrel,  the  detent  being  operated  by  an  electro-magnet,  H,  through 
which  the  current  passes  when  the  weight  reaches  the  bottom  only. 
The  unwinding  of  the  line  from  off  the  barrel,  G,  will  thus  be  checked 
the  moment  the  sounding-lead  reaches  the  bottom.  The  under  surface 
of  the  part,  C,  of  the  weight  is  recessed  to  receive  grease  or  other  adhe- 
sive material,  with  a  view  to  the  obtainment  of  specimens.    The  sheath, 

D,  is  made  perfectly  water-tight,  and  is  firmly  secured  to  the  extreme 
end  of  the  line,  and  to  the  stem,  c,  so  that  no  water  can  come  in  contact 
with  the  ends  of  the  conducting  wires  inclosed  within  the  sheath.  In 
fig.  2  the  weight  is  supposed  to  be  suspended,  the  wires,  a  a',  are  insu- 
lated and  out  of  contact,  and  the  current,  received  by  one  wire  only, 
cannot  be  transmitted  to  the  other  till,  on  striking 

the  bottom,  the  arrest  of  the  descent  of  the  part, 

E,  and  the  further  descent  of  the  part,  B,  of  the 
weight  brings  the  wires,  a  a',  in  contact  with  the 
metal  plate  or  contact  piece,  e,  on  the  end  of  the 
stem,  c,  but  from  which  it  is  insulated  by  any  good 
non-conducting  and  elastic  material.  At  the 
moment  of  contact  of  the  two  wires  with  the  plate, 
e,  the  current  passes  through  this  plate,  along  the  second  wire,  and 
thence  through  the  indicator,  or  through  the  electro-magnet,  H,  back 
to  the  battery. 

The  same  system  may  be  applied  to  the  indication  of  banks  or  shal- 
lows, by  paying  out  a  given  length  of  line,  and  allowing  the  weight  to 
hang  a  determined  depth  below  the  ship  ;  then,  supposing  the  vessel  to 
be  entering  shoal  water  or  amongst  banks  or  sunken  reefs,  the  contact 
of  the  weight  with  the  bottom  will  be  instantly  made  known,  and  time 
thus  afforded  for  altering  the  course  before  the  ship  is  in  actual  danger. 
To  this  latter  application  of  the  method,  however,  the  gravest  possible 
difficulties  appear  to  present  themselves. 


THE    GRAPHOTYPE. 

A  NEW  PROCESS  FOR  THE   REPRODUCTION  OF  DRAWINGS,  &c, 
DIRECTLY  FROM  THE  HAND  OF  THE  ARTIST. 

This  curious  process,  which  not  improbably  will  exercise  a  consider- 
able though  perhaps  not  immediate  influence  upon  everything  to 
'which  art  illustration  applies,  was  for  the  first  time  brought  before  the 
Society  of  Arts,  at  its  ordinary  meeting  of  the  6th  December,  1865,  by 
Mr.  Henry  Fitz-Cook  ;  himself  an  artist,  and  apparently  one  perfectly 
conversant  with  the  various  already  known  processes  by  which  the 
creations  of  the  artist's  hand  are  transferred  to  printing  in  some  shape 
or  other,  and  so  multiplied  and  diffused. 

Wood  engraving,  lithography,  colour  printing,  lithographic  or  block 
anastatic  printing  in  various  forms,  and  the  photo-lithography  or 
photo-zincography,  so  much  brought  into  notice  by  Colonel  Sir  Henry 
James,  are,  along  with  the  much  older  methods  of  copper  or  steel 
plate  engraving,  the  main  modes  by  which  hitherto  the  work  of  the 
artist — the  visible  language  which  is,  or  ought  to  be,  the  transcript  of 
his  mind  and  feelings — have  been  multiplied  and  set  abroad.  To  these 
should  also  be  added  the  more  recent  and,  as  regards  some  of  them, 
even  as  yet,  immature  methods  of  multiplying  wood  blocks,  by  electro- 
type and  by  stereotype;  and  several,  such  as  glyphography,  gypsography, 
and  silvertype,  which  are  based  on  making  the  drawing  itself  in  some 
way  the  mould  from  which  the  block  is  to  be  cast.  Lastly,  we  may 
include  in  the  list  the  direct  reproduction  of  drawings  by  photography  ; 
which,  though  far  from  new  in  its  many  modifications  as  respects  its 
application  to  works  of  fine  art  proper — whether  from  the  round  or  solid, 
or  from  the  painted  or  drawn  surface — has  this  season,  we  believe  for 
the  first  time,  become  a  branch  of  trade  in  London,  as  applied  to  the 
multiplication  of  diagrams  and  engineering  drawings.  Amongst  the 
deposits  of  parliamentary  plans  made  on  the  30th  of  November  of  last 
year,  are  some  which  have  been  directly  reproduced  in  this  manner 
from  the  surveys,  plans,  or  sections  to  scale  completed  in  the  engineer's 
office. 

The  process  of  Graphotype,  as  it  has  been  called  by  a  not  very  happy 
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use  of  Greek  in  its  etymology,  which  we  are  now  about  simply  to 
describe,  is  different  in  principle  and  in  detail  from  any  and  all  of  these. 
The  history  of  the  invention,  which  is  originally  an  American  one  it 
appears,  is  curious  enough. 

Mr.  De  Witt  Clinton  Hitchcock,  a  distinguished  draughtsman  and 
engraver  (on  wood  only,  we  understand)  in  New  York,  is  the  original 
inventor,  if  we  may  so  say  of  a  process  which,  as  now  made  pro  tanto 
practical,  differs  in  all  the  materials  employed  from  those  with  which  it 
started  in  his  hands ;  although  there  is  a  strict  analogy  in  principle 
throughout  from  beginning  to  end.  While  preparing  a  wood  block  in 
1860,  Mr.  Hitchcock  had  occasion  to  erase  a  portion  of  a  design  upon  a 
boxwood  block,  and  to  rewhiten  then  the  block  to  take  the  new  lines. 
For  this  he  employed  the  enamelled  surface  of  a  visiting  card,  softened 
by  water  and  a  brush — a  method  of  whitening  which  it  seems  is  not 
unusual  amongst  draughtsmen  on  wood  :  probably  because  along  with 
the  fine  flake  or  constant  white  of  the  enamel,  is  distributed  a  very  little 
of  the  size  also.  The  card  he  employed  was  one  that  had  been  printed 
from  a  copper-plate  ;  and  when  done  with,  Mr.  Hitchcock  remarked 
with  intelligent  surprise  and  interest,  that  the  printed  letters  were  left 
quite  undisturbed  and  in  situ,  although  the  whole  of  the  enamel  had 
been  rubbed  away  around  them,  and  that  they  stood  boldly  up  from  the 
now  rough  face  of  the  card,  so  that  they  looked  almost  as  if  they  could 
be  printed  from.  The  hint  was  not  lost  upon  the  observer,  nor  any 
time  in  endeavouring  to  extract  what  virtue  it  might  contain  by  further 
experiment.  Mr.  Hitchcock  took  a  piece  of  common  chalk,  a  paral- 
lelopiped  of  about  an  inch  thick,  and  smoothed  one  of  its  broad  faces 
carefully  by  scraping,  and  then  made  a  pen  drawing  upon  this  with  an 
ink  consisting  of  silicate  of  potass  (soluble  glass  of  Fuchs),  coloured  by 
indigo  to  make  it  visible. 

The  lines  of  the  drawing  were  thus,  as  in  Kaulbach's  fresco-painting 
process,  rapidly  converted  into  artificial  stone — into  a  basic  double 
silicate  of  potass  and  lime ;  and  now  the  next  step  was  to  get  this  stony 
skeleton  to  stand  up  in  relief  above  the  surface  of  the  unaltered  chalk, 
so  that  the  lines  could  be  either  charged  with  ink,  and  if  the  mass  would 
bear  the  pressure,  be  printed  from,  or  if  not,  the  whole  be  copied  in 
some  harder  material  that  would  bear  this  pressure.  To  wet  the 
unaltered  chalk,  to  tuash  it  away,  or  to  corrode  it  away  by  a  menstruum, 
would  be  to  undermine  the  extremely  thin  cobweb  of  stony  lines,  and 
destroy  them. 

Mr.  Hitchcock  attempted,  and  with,  as  we  should  have  anticipated, 
unexpected  success,  a  rougher  and  more  direct  process  than  either.  He 
simply  took  a  common  soft  tooth  brush,  and  rubbed  away  gently  at  the 
whole  surface,  until  he  found  that  the  powdery  and  ill-coherent  chalk 
between  the  lines  could  be  easily  and  deeply  removed,  while  the  stony 
surface  of  the  silicated  drawn  lines  protected  all  beneath  and  adjacent 
to  themselves,  so  that  these  remained  standing  unaltered. 

The  next  step  then,  after  having  thus  obtained  a  real  surface  printing 
block,  though  one  too  soft  to  be  of  any  use  as  yet,  was  to  indurate  it ; 
and  to  this  end  the  same  chemical  method  was  again  resorted  to — the 
whole  block  was  now  plunged  into  a  solution  of  soluble  glass,  left  to 
become  saturated,  and  then  to  harden  and  dry. 

The  elevated  surface  of  the  drawing  was  now  inked  in  the  usual  way, 
just  as  if  it  had  been  a  wood  block  ;  and  the  first  printing  from  the  new 
instrument  was  obtained  by  the  method  of  "  burnishing  off"  on  paper. 
The  result,  as  we  may  gather  from  Mr.  Fitz-Cook,  left,  as  the  French  say, 
"  much  still  to  be  desired  ;"  in  our  own  more  homely  idiom,  "  it  wouldn't 
do  yet."  So  the  discoverer  now  made  some  plates  of  a  foot  square  by 
an  inch  thick,  of  the  very  finest  levigated  and  precipitated  chalk,  com- 
pressed in  the  same  way  that  the  "  Brockedon  patent  plumbago  blocks" 
were  made,  viz.,  by  pressure  in  moulds  under  the  hydraulic  press. 
These,  after  dry-pressing,  were  baked  at  700°  Fahr.  Repeating  the 
same  process  as  before  on  these  better  slabs  of  hardened  and  uniform 
chalk,  he  was  able  to  produce  drawings  with  the  steel  and  quill  pen,  the 
lines  of  which  could  be  made  to  stand  up  an  eighth  of  an  inch  above 
the  otherwise  brushed  away  face  of  the  block,  and  which  admitted  of 
being  printed  from  at  an  ordinary  hand  press,  and  with  ordinary  print- 
ing ink.  Fragility  was,  however,  still  the  failing  point ;  and  the  next 
step  was  to  attempt  to  copy  the  cretaceous  surface  printing  block,  by 
taking  from  it  a  stereotype  or  an  electrotype.  The  second  of  these 
copying  processes  was  found  practicable,  a  matrix  was  thus  procured, 
and  from  that  a  second  electrotype  in  relief,  from  which  the  printing 
could  be  done.  Still  there  were  many  difficulties  in  detail  unconquei'ed, 
before  the  method  could  take  rank  as  a  useful  art. 


At  this  stage  Mr.  Hitchcock  seems  to  have  got  into  co-operation  with 
two  artists  in  this  country — Mr.  Day  and  Mr.  Edward  Roper,  a  London 
engraver.  Amongst  them  they  appear  to  have  brought  the  matter  to  a 
sufficiently  practicable-looking  point,  so  that  European  patents  have 
been,  by  concert  with  the  first  originator,  taken  out  in  Mr.  Day's 
name. 

The  process  as  now  described,  though  very  much,  as  we  have  stated, 
similar  in  principle  to  the  first  thought,  differs  much  in  the  detail  of 
materials  and  method.  It  is  as  follows  : — The  best  white  French  chalk 
(steatite),  levigated  and  twice  precipitated  from  suspension  in  water,  so 
as  to  insure  uniformity  and  fineness  of  grain,  when  dry  and  in  powder 
is  sifted  through  wire  gauze  of  100th  of  an  inch  diameter  of  mesh,  on  to 
the  surface  of  a  thick  sheet  of  rolled  zinc  or  other  metal,  and  then 
squeezed  between  the  zinc  sheet  and  a  polished  plate  of  steel  of  equal 
size,  under  the  table  of  the  hydraulic  press.  In  this  condition  the  zinc 
and  the  thin  plate  of  hardened  steatite  are  of  about  the  thickness  of  a 
common  stereotype  plate.  The  steatite  surface  is  now  coated  with  a 
strong  "sizing,"  which  makes  it  nearly  non-absorbent,  and  prevents  the 
spreading  of  the  ink  with  which  the  drawing  is  now  to  be  made  upon  it. 
The  ink  now  used  is  stated  to  be  nothing  more  than  "  a  very  careful  com- 
position of  glue  and  lampblack,"  whatever  that  may  mean,  for  "  a  careful 
composition  "  is  a  very  odd  sort  of  phrase ;  and  not  only  by  its  oddness, 
but  by  what  directly  follows  in  Mr.  Fitz-Cook's  account,  viz.,  that 
"  partaking  as  it  does  of  the  nature  of  varnish,"  suggests,  we  must  say, 
to  us  the  probability  of  there  being  some  secret  in  the  preparation  of 
this  ink  not  yet  fully  revealed.  How  a  compound  of  glue  (gelatine)  and 
lampblack  can,  by  any  amount  of  care  only,  be  made  to  assume  the 
nature  of  varnish  (i.e.,  of  some  oily  and  resinous  compound),  is  beyond 
our  chemical  conceptions.  However,  it  is  said  a  drawing,  which  can  be 
made  with  pen  or  sable-hair  pencil  (as  lithographers  use  it),  can  be  made 
with  this  ink  at  once  upon  the  sized  steatite  surface ;  that  it  remains 
upon  the  surface  and  forms  a  guard  or  protection  to  the  steatite  during 
the  process  of  brushing  away,  which  is  performed  with  a  brush  of 
"  fitch  hair,"  and  by  others  of  fine  silk  velvet.  This  being  done,  the 
steatite  is  now  indurated  by  immersion  in  solution  of  silicate  of  potass, 
and  upon  being  washed  and  dried  is  now  in  a  condition  to  be  copied  by 
either  stereotype  or  electrotype  as  before.  The  ink,  it  is  stated,  dries 
instantly  upon  being  drawn  upon  the  surface,  so  that  crossed  lines  of 
shading,  reduplications  as  in  foliage,  or  outlines  and  shades  upon  a 
surface  already  shaded  or  toned  (or  "  tinted,"  as  it  is  called  by  wood- 
engravers)  by  the  ruling  machine,  may  be  readily  employed.  The 
ruling  of  such  tints  is  performed  by  the  delicate  trail  or  line  produced 
by  the  rolling  over  the  steatite  surface  of  a  thin  edged  wheel,  guided 
by  the  ruling  machine,  and  constantly  fed  round  its  periphery  with  the 
ink  of  wonderful  properties  above  described — if  it  be  described  ?  Such 
is,  in  brief,  the  whole  process.  It  is  one,  as  will  be  at  once  seen,  that 
enables  the  very  lines  of  the  artist,  even  to  the  minutest  touch,  and 
with  these  all  the  spirit  of  the  original  drawing,  to  be  given  to  limitless 
copies ;  because  the  original  drawing  is  the  originator's  type  of  all  after 
it.  Several  small  illustrations,  by  no  means  devoid  of  merit  as  first 
attempts,  are  given  in  the  part  of  the  Society  of  Arts  Journal  for  the 
8th  December,  1865.  These  are  somewhat  varied  in  character,  and 
certainly  prove  that  there  is  room  for  very  comprehensive  treatment  by 
the  artist,  in  the  new  method,  of  almost  any  subject  he  may  desire  to 
produce.  Uniform  tones,  a  sort  of  chiaroscuro — as  good,  if  not  better 
than  what  woodcutters  at  best  can  give — high  lights,  and  above  all,  the 
spirited  outline  of  the  master's  hand,  can  be  here  given  without  the  filtra- 
tion and  impoverishment  that  happen  when  they  all  must  be  attempted 
by  the  mechanical  work  of  the  wood-engraver.  As  regards  facility  in 
the  execution  of  the  drawings  themselves,  letters  were  read  from 
Holnian  Hunt,  J.  D.  Watson,  Du  Maurier,  Morten,  Hablot  Browne, 
Florence  Claxton,  and  others,  all  speaking  favourably;  and  some  of  the 
works  of  these  artists  printed  off  from  this  process  were  exhibited  in  the 
meeting  room. 

We  think  we  can  see  enough  in  the  principles  of  the  method,  to 
warrant  our  saying  that  it  is  very  likely  to  develope  itself  into  a  large 
new  branch  of  art  industry,  and  if  so,  to  render  cheaper  and  more  rapid 
in  production,  as  well  as  immeasurably  to  improve  the  artistic  quality 
of  the  illustrations  of  our  periodical  and  other  literature.  Difficulties  at 
present  exist  to  the  application  of  the  process  to  scientific  literature,  &c, 
because  the  steatite  surface  is  not  hard  enough  to  permit  the  use  of  rule 
and  compass  for  the  production  of  regular  figures,  &c,  but  this  will 
be  overcome.     We  anticipate  its  application  to  many  manufacturing 
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purposes  as  yet  little  dreamt  of,  and  in  these  we  think  it  will  find  its 
largest,  and  its  very  best  and  most  productive  uses. 

A  discussion  followed  the  reading  of  Mr.  Fitz-Cook's  paper  (the 
essence  of  which  we  have  above  given),  in  which  but  little  worthy  of 
record  was  elicited,  nor  was  any  new  light  thrown  on  any  part  of  the  pro- 
cess or  its  future  career.  Oue  part  alone  in  this  discussion  is  amusing 
enough  to  be  noteworthy.  It  was  led  by  the  chairman,  Mr.  Cole,  who, 
having  briefly  described  the  mechanical  process  of  stereotyping  as 
practised  in  the  present  day,  remarked  that  there  was  one  feature  about 
the  process  now  introduced  to  them  which  he  had  no  doubt  would  be 
found  extremely  valuable.  Many  present  had  no  doubt  noticed  the 
great  difference  between  old  and  modern  wood-engravings.  In  the 
works  of  Albert  Durer  and  the  wood-engravers  of  that  period,  the  lines 
were  very  dark  and  strong,  and  these  a;t'sts  did  not  attempt  the  gradu- 
ated shadows  which  were  found  in  modern  wood-cuts.  By  this  process 
the  effect  of  the  old  wood-cuts  was  easily  obtained,  and  he  had  no  doubt 
that  Durer,  Holbein,  and  the  artists  of  their  time,  would  have  received 
it  with  infinite  satisfaction.  He  thought  there  was  one  little  drawback 
to  it,  which  he  was  afraid  would  always  exist ;  that  was  the  absence  of 
that  mellowness  of  tone  which  a  wood-block  gave,  as  compared  with 
the  hungry,  dry  look  which  attended  the  use  of  stereotype  plates.  As 
to  the  difference  between  the  electrotype  and  the  stereotype,  he  preferred 
the  former  as  giving  a  better  impression  ;  but  with  regard  to  this  process 
generally,  they  must  take  the  good  with  the  bad.  Tts  great  facility, 
great  cheapness,  and  the  fact  of  its  giving  an  exact  reproduction  of  the 
artist's  own  work,  were  strong  points  in  its  favour,  and  they  must  put 
up  with  any  small  drawbacks  such  as  that  he  had  just  referred  to.  They 
were  told  at  the  beginning  of  the  paper  that  this  invention  came  about 
by  accident,  in  the  use  of  an  ordinary  enamelled  visiting  card.  They 
were  afterwards  told  that,  after  two  months  of  experiment  with  inks  of 
all  kinds,  it  turned  out  that  glue  and  lampblack  were  the  proper 
ingredients  for  the  purpose.  It  seemed  that  for  this  simple  thing  a 
patent  had  been  taken  out.  That  circumstance  struck  him  forcibly, 
and  he  now  confessed  himself  a  convert,  or  perhaps  a  "  pervert,"  on  the 
subject  of  patents.  Here  was  a  purely  accidental  discovery  that  lamp- 
black and  glue  were  the  proper  operating  media,  and  yet  the  world  was 
not  privileged  to  use  this  process  without  the  payment  of  a  royalty  to 
the  lucky  person  who  hit  upon  the  invention. 

So  the  great  exponent  of  South  Kensington  reads  his  formal  recan- 
tation on  the  subject  of  patents.  He  who  was  once,  when  the  powers 
that  be  moved  thitherward,  a  great  exponent  of  copyright  in  design, 
now  declares  that  as  all  this  fuss  about  this  thing  called  an  invention 
ends  after  months  of  labour  in  only  a  little  glue  and  lampblack,  it  can 
have  nothing  in  it,  nor  be  worthy  of  any  other  fate  than  that  all  the 
world  should  be  entitled  to  appropriate  the  glue  and  lampblack,  and  all 
that  follows  from  the  particular  way  in  which  Hitchcock,  Day,  and 
Roper  have  taken  the  pains  to  show  the  world  hoiv  to  employ  them  to 
a  useful  and  new  end;  and  that  he,  the  chairman  and  exponent,  is  now, 
and  at  last,  and  by  this  very  "salient  instance,"  and  with  logical 
sequence,  convinced  by  this  that  all  patents  ought  to  be  abolished. 

We  will  alone  say — alas  for  the  science  and  art  department !  alas  for 
the  technical  education  of  England !  when  such  is  the  logic,  such  the 
judgment,  and  mode,  and  conclusion,  of  one  supposed  to  be  intrusted, 
to  no  limited  extent,  with  the  destinies  of  both. 


SHAM  AND  REAL  FIREPROOF  BUILDINGS. 

The  annual  British  wreck  chart  is  an  amazing  document  in  proof  of 
the  vast  loss  of  the  products  of  human  industry  (omitting  all  thought 
of  life  itself) ;  but  were  there  a  corresponding  British  conflagration 
chart,  we  imagine  fire  would  put  to  shame  its  watery  rival,  rich  in 
destruction  though  it  be  : — 

"  As  is  the  ouze  and  bottom  of  the  deep 
In  countless  wreck  and  sumless  treasuries." 

In  London  alone  millions'  worth  is  yearly  burnt,  and  in  a  few  months 
forgotten.  The  traces  of  the  great  fire  of  two  or  three  years  since  of 
the  wharves  and  warehouses  just  below  London  Bridge  have  scarcely 
been  effaced  by  new  buildings,  quite  as  combustible  as  they  were 
before,  when  a  new  disaster  of  the  same  sort,  and  on  a  commensurate 
scale,  has  occurred  at  the  opposite  side  of  the  river.  Between  the  date 
of  the  former  and  of  this  last  fire  at  St.  Kathcrine's  Docks  a  sum  which 


would  form  an  absorbing  fraction  of  the  whole  cost  of  the  London  and 
Birmingham  Railway  has  been  annihilated  by  fire.  Yet  these  are  but 
solitary  examples.  Is  their  recurrence  necessary  ?  Is  it  an  inevitable 
result  that,  in  spite  of  all  our  structural  improvements,  it  is  of  the  very 
nature  of  those  vast  receptacles  wherein  we  pile  up  in  store  the  wealth 
that  passes  to  us  from  all  the  world,  that  they  must  be  burnt?  Is  it 
that,  like  Turks  at  Constantinople,  we  faithfully  let  the  will  of  Allah  be 
done  in  building  stores,  offices,  manufactories,  houses,  all  nearly  as 
combustible  as  if  of  wood  wholly  ;  or  is  it,  as  some  practical  men,  who 
profess  to  "  speak  with  authority,  and  not  as  the  scribes,"  assert,  that  to 
construct  a  fireproof  building  is  a  physical  impossibility  ? 

We  believe  in  no  such  impossibility.  After  a  good  deal  of  experience 
in  the  actual  design  and  construction  of  so-called  fireproof  buildings 
on  various  different  known  plans  and  from  considerations  based  upon 
exact  knowledge,  and  the  observation  of  the  ways  in  which  such 
buildings  generally  fail  to  fulfil  their  own  title  in  the  hour  of  trial,  we 
venture  to  affirm  that  it  is  perfectly  within  the  range  of  science  and  of 
acknowledged  methods,  to  construct  not  a  sham,  but  a  really  fireproof 
building  of  any  magnitude — one  that  shall  truly  and  completely  answer, 
when  tested,  those  requirements  which  we  hold  go  to  the  only  true 
definition  of  a  fireproof  building — namely,  a  building  in  which  tlie  com- 
bustible contents  may  be  burnt  out  in  its  interior,  like  fuel  in  a  furnace, 
and  yet  that  the  building  itself  shall  remain  as  uninjured  afterwards  as 
the  furnace,  after  having  been  lighted  and  burnt  itself  out. 

There  may  be  many  degrees  of  approach  towards  this — from  the 
construction  that  shall  only  a  little  delay  the  rate  of  destruction  to  that 
which  shall  preclude  it  wholly.  But  whatever  is  called  a  fireproof 
structure,  and  yet  stops  short  of  our  definition,  is  in  fact  a  sham. 

Even  if  the  building  be  of  materials  in  themselves  wholly  incom- 
bustible, yet  if  they  be  put  together  in  such  a  way  that  one  of  the 
effects  of  the  conflagration  of  its  contents  is  to  so  dislocate  and  injure 
the  shell  of  the  structure  as  to  make  it  untenable,  then  hath  it  still  no 
just  title  to  be  called  fireproof. 

To  one  or  the  other  category,  however,  may  be  referred  almost 
every  so-called  fireproof  building  in  Great  Britain — either,  parts  of  the 
structure  itself  may  be  burnt  along  with  its  contents,  or,  by  the  burning 
of  the  latter,  the  building  is  shattered  ;  the  walls  becoming  dislocated, 
cracked,  and  masses  split  off  by  unequal  expansion,  and  losing  their 
connection  and  stability  by  the  loss  of  the  floors,  &c.  And  this  is 
equally  true  whether  the  floors  be  of  timber,  or  of  iron  girders  and 
arches,  or  of  concrete  lamina.  In  the  one  case  they  disappear  in 
smoke  and  flame ;  in  the  other  they  bend  or  break,  or  come  thundering 
down  after  having  pushed  themselves  out  of  all  hold  with  the  walls. 

There  is  probably  not  a  more  magnificent,  certainly  not  a  more 
expensive  example  in  England,  of  orthodox  brick  and  cast-iron  fireproof 
building,  than  the  warehouses  of  the  Albert  Dock,  Liverpool,  designed 
and  erected  by  the  late  Mr.  Jesse  Hartley,  the  able  dock  engineer  of 
that  port.  Yet  there  is  no  hazard  in  the  assertion  that,  were  a  rousing 
conflagration  to  get  established,  of  the  contents  of  almost  any  one  of 
their  compartments,  the  whole  of  the  vast  pile  to  which  it  belonged 
would  come  toppling  down  in  mountainous  ruin. 

Instances  of  this  sort  of  "  grand  finale  and  transformation  scene"  in 
iron  girder  and  brick  arch  fireproof  buildings  are  as  common  as 
accidental  fires  in  the  districts  where  such  construction  is  frequent. 
Dozens  of  examples  might  be  referred  to  in  Manchester  alone.  One 
or  two  more  remarkable  cases  occur  to  us. 

In  July,  1853,  the  large  silk  manufactory  of  Mr.  J.  Davenport  at 
Derby  took  fire  at  fifteen  minutes  past  six  o'clock  in  the  evening.  We 
quote  from  the  Times  of  the  period  : — 

"  All  the  floors  in  the  mill  are  fireproof,  being  made  of  brick  and 
arched  over.  This  fact  caused  a  number  of  daring  men  to  ascend  to 
the  top  story  of  the  mill,  for  the  purpose  of  saving  the  silk  and  con- 
ducting the  water  to  those  parts  where  the  fire  had  gained  the  greatest 
head.  The  ceiling  (i.e.,  the  fireproof  arching)  being  above  them,  they 
felt  confident  of  their  safety,  when,  shocking  to  relate,  about  seven 
o'clock  (only  three-quarters  of  an  hour  after  the  fire  had  broken  out), 
the  roof  fell  in,  and  the  weight  of  it  falling  upon  the  ceiling  (i.e.,  the 
first  arched  floor  beneath),  caused  it  to  fall  into  the  top  room,  burying 
under  its  ruin  all  the  men." 

It  is  but  fair  to  add,  that  this  floor  stood  out  the  shock,  and  did  not 
go  down  upon  the  next  below;  and  so  there  was  a  partial  salvage  of 
the  mill  here.  But  the  frequent  fate  of  such  buildings  has  been,  that 
the  top  or  other  upper  floor  in  falling  carries  down  the  next,  and  that, 
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the  others  below  it  in  succession,  to  the  ground  level.  One  of  the  most 
extraordinary-looking  scenes  of  utter  ruin  we  ever  beheld  was  that  of 
a  mill  in  the  north  of  England,  in  which  the  whole  structure  collapsed 
thus,  and  lay  a  huge  rectangular  mass,  of  bricks,  shattered  girders,  and 
crushed-together  machinery,  some  five-and-twenty  feet  high  by  the 
length  and  breadth  of  the  mill. 

In  October,  1854,  the  tremendous  conflagration  of  the  warehouses  in 
the  lower  parts  of  Newcastle  and  Gateshead  took  place.  In  this  a 
formidable  explosion,  produced  by  red-hot  and  fused  nitrate  of  soda, 
sulphur,  saltpetre,  naphtha,  &c,  coming  all  into  contact  with  the  water 
thrown  on,  took  place. 

"  The  fire  continued  to  press  towards  the  river,  and  now  attacked 
the  last  warehouse  of  the  block.  This  was  considered  to  be  a  '  doubly 
fireproof  structure.  It  was  lined  throughout  with  iron  sheeting,  and 
supported  on  metal  pillars  and  floors.  The  brickwork  parted  from  the 
sheeting  and  crumbled  away,  and  nothing  remained  but  the  red-hot 
skeleton  of  the  building."  This  building  in  this  state— i.e.,  its  lower 
floor,  filled  now  with  "  a  red-hot  fulminating  mixture,"  as  the  Northern 
Examiner,  from  which  we  quote,  very  aptly  terms  it — was  the  focus 
from  which  was  belched  forth,  when  the  water  reached  it,  the  volcanic 
shower  of  fire,  which  was  carried  right  across  the  Tyne,  and  spread 
the  conflagration  to  the  opposite  shore  of  Gateshead,  and  the  shock  of 
the  explosion  of  which  was  felt  for  some  miles  beyond  Newcastle. 

We  refer  to  these  two  cases  mei'ely  as  large  examples  of  what,  on 
various  scales,  is  occurring  daily,  and  in  illustration  of  the  fact  that, 
while  a  building  of  brick  walls,  iron  and  glass  windows,  brick-arched 
floors  on  cast-iron  girders  (and  columns  or  not),  is,  so  far  as  its  shell  is 
concerned,  fireproof  in  the  sense  that  it  cannot  be  set  on  fire,  either 
ab  extra  or  by  ignition  of  its  own  contents,  yet  that  it  is  but  a  sham, 
and  not  fireproof  at  all,  in  the  case  which  is  almost  all-important — viz., 
in  which  its  combustible  contents  are  themselves  set  on  fire,  and  are, 
in  mass  and  in  combustibility,  sufficient  to  heat  the  shell,  or  even  any 
one  floor  or  large  part  of  a  floor,  up  to  the  point  of  dislocation  and  fall. 

The  great  pile  of  buildings  which  have  just  been  burnt  at  St. 
Katherine's  Docks  was,  like  all  at  those  docks,  the  design  of  Thomas 
Telford. 

It  was  about  440  feet  in  length,  145  feet  in  width,  and  some  70  to  80 
feet  in  height  in  six  stories  over  ground.  The  front  wall  was  in  part 
carried  on  columns,  and  it  did  not  profess  to  be  a  fireproof  structure 
at  all.  The  precaution  was  adopted  of  dividing  the  whole  block  into 
separate  bays,  of  about  90  feet  by  50  feet,  by  transverse  partition  walls, 
with  so-called  fireproof  iron  doors  for  intercommunication,  but  the 
floors  were  of  timber. 

At  a  period  subsequent  to  the  original  erection,  many  of  the  naked 
joisted  ceilings  of  the  floors  of  the  warehouses  in  these  docks  were  ceiled 
or  lined  with  thin  sheet  iron,  nailed  to  the  lower  edges  of  the  joists  as 
a  sort  of  palliative  to  rapid  combustibility — a  delayer  of  the  spread  of 
fire  through  loft  after  loft.  This  device,  which  we  believe  originated 
with  the  celebrated  Lord  Stanhope,  was  a  great  favourite  with  the  late 
Mr.  Jesse  Hartley,  of  Liverpool ;  and  for  small  structures — for  domestic 
dwellings,  for  example — it  affords,  beyond  doubt,  an  appreciable  amount 
of  protection  (by  delay  merely,  however)  ;  but  as  applied  to  ware- 
houses upon  the  scale  of  those  at  St.  Katherine's  Docks,  it  is  perfectly 
nugatory. 

Let  conflagration  once  get  hold  of  a  mass  of  combustible  such  as  the 
jute  with  which  this  warehouse  was  stored,  and  to  the  spontaneous  igni- 
tion of  which,  in  all  probability,  the  fire  owes  its  origin,  and  this  sheet-iron 
lining  must  prove  as  valueless  as  so  much  brown  paper.  So  also  of 
the  iron  "fireproof  doors:"  no  single  iron  door  is  ever  fireproof.  Let 
its  whole  surface  get  red,  or  even  yellow  hot,  as  often  happens,  and  if  the 
door  be  of  wrought  iron,  and  hold  together,  which,  if  it  be  of  cast  iron,  it 
is  nearly  sure  not  to  do,  then  the  currents  of  hot  air  that  sweep  over  its 
face  and  come  from  it,  and  the  intense  radiation  of  luminous  heat  which 
it  developes,  will  fire  any  ordinarily  combustible  substance  at  several  feet 
distant.  It  is  seldom  safe  to  cool  such  a  red-hot  door  by  water.  We 
have  often  seen  combustible  material — cotton  bales,  cork,  rags,  &c. — 
piled  up  against  such  doors  in  warehouses,  when  not  in  use. 

To  be  non-communicative  of  fire,  which  is  the  only  true  meaning  of 
a  fireproof  door,  it  must  be  a  double  door,  i.e.,  two  plate-iron  doors, 
one  at  each  side  of  the  partition  wall,  which  should  itself  be  built  hollow 
or  double,  each  door  made  in  a  single  plate  and  sliding  in  and  on  iron 
top  frame  and  cill  rail. 

It  is  wonderful  how  thin  the  plate  iron  may  be  of  such  doors,  if 


properly  made,  and  yet  be  quite  effective.  We  once  witnessed  a  pair 
of  such  doors  of  sheet  iron  only  one-tenth  of  an  inch  thick,  but  well 
riveted  in  wrought-iron  frames,  and  shut  into  well-fitting  side-posts, 
lintels,  and  cills,  stand  red-hot  for  seven  hours  by  the  accidental  con- 
flagration of  a  carpenter's  shop  at  one  side  of  them,  and  yet  never  let 
the  fire  through  to  the  adjoining  building. 

A  second  fire  broke  out  a  few  hours  after  the  first  was  subdued  at 
this  St.  Katherine's  Dock  warehouse,  in  the  same  sort  of  jute  in  which 
it  first  commenced,  but  separated  by  one  of  these  brick  partitions  and 
iron  doors.  This  has  been  set  down,  like  the  first,  to  incendiarism, 
though  it  is  confessed  that  it  is  not  known  with  certainty  whether  the 
iron  doors  were  left  shut  or  open. 

Assuming  them  to  have  been  shut,  there  is  no  need  to  resort  to 
incendiarism  as  the  cause  of  the  second  fire,  or  even  of  the  first.  Jute 
is  one  of  the  many  bodies  known  to  be  prone  to  spontaneous  ignition. 
If  the  first  mass  of  it  so  ignited,  another  in  an  adjoining  compartment 
would  become  much  more  liable  than  it  was  before,  to  spontaneously 
ignite,  by  reason  of  the  heat  communicated  to  it  by  the  conflagration 
of  the  first.  This  fire  at  St.  Katherine's  Dock,  like  that  at  the  London 
Bridge  wharves,  which  preceded  it,  afforded  also  an  instructive  example 
of  the  inefficiency  of  all  the  much-boasted  steam  fire  engines  and  fire- 
brigade  engineers  in  coping  with  the  conflagration  of  buildings  of  this 
magnitude  and  height,  and  with  whole  ships'  cargoes  of  combustible 
materials,  stowed  away  upon  their  wooden  floors,  in  which  alone  there 
were  ship  loads  of  timber.  We  need  not  advert  to  the  fact  that  the 
jute  in  particular  was  found  a  most  impracticable  material  to  deal  with, 
in  attempting  to  saturate  its  dense  mass  with  water. 

In  buildings  of  this  class  the  only  efficient  methods  of  applying  water 
promptly,  abundantly,  effectively,  and  at  any  point  where  fire  may  have 
broken  out  or  have  got  established,  are  those  long  since  pointed  out 
and  patented  by  Lord  Dundonald.  We  must,  however,  confine  our 
present  paper  to  the  fault-finding  with  existing  methods  which  is  found 
above,  and  postpone  to  a  future  opportunity  such  further  treatment  of 
this  important  subject  (which  has  many  and  very  diverse  bearings)  as 
shall  make  good,  we  hope,  to  our  readers  the  possibility  of  structurally 
fulfilling,  if  men  be  so  disposed,  the  rigid  definition  which  we  have  given 
of  a  truly  fireproof  building.  Meanwhile  we  may  almost  venture  to 
predict  that,  vast  as  have  been  the  losses  produced  by  these  two  great 
London  warehouse  fires,  the  St.  Katherine's  Dock  buildings  will  rise 
from  their  ashes  and  be  replaced  by  new  buildings  as  ill-contrived  for 
safety,  as  combustible,  as  liable  to  be  set  on  fire,  as  difficult  to  be  extin- 
guished when  on  fire,  and,  in  a  word,  as  disgraceful  shams  for  safe 
warehouses,  as  are  those  that  have  arisen  upon  the  scene  of  ruin  of  three 
years  ago  at  London  Bridge. 

There  are  other  forces  than  mere  physical  ones — social  and  fiscal — 
at  work,  which  promote  a  result  so  derogatory  to  the  engineering  skill 
of  our  time,  and  to  the  character  of  the  greatest  centre  of  commerce  of 
the  world,  which  need  to  be  better  inquired  into. — Ed. 


IMPROVED  VALVE  GEAR  FOR  MARINE  ENGINES. 

Illustrated  by  Plate  13 

We  give  as  our  Plate  illustration  of  the  present  part  a  new  arrangement 
of  mechanism  for  actuating  the  slide  valves  of  marine  engines,  which 
has  lately  been  introduced  by  Mr.  John  Robertson,  of  Glasgow,  engineer 
to  the  London  and  Glasgow  Engineering  and  Shipbuilding  Company 
(Limited).  The  grated  steam  and  exhaust  valves  were  introduced 
by  Mr.  Robertson  some  time  ago,  and,  as  far  as  we  can  learn,  have  since 
their  application  worked  satisfactorily. 

One  modification  of  this  invention  is  carried  out  by  dispensing  with 
the  ordinary  slide  valve,  and  substituting  in  lieu  of  it  two  or  more  valves 
driven  by  means  of  a  cam  or  cams  on  the  main  or  other  shaft  of  the 
engines,  in  which  one  or  more  oblique  grooves  are  cut  round  the  circum- 
ference. The  end  of  a  lever  passes  into  these  grooves,  and  as  the  cam 
revolves  the  lever  is  accordingly  caused  to  vibrate.  The  vibrating  lever 
being  connected  to  upright  shafts  passing  into  the  steam-chest  and 
exhaust  chest  for  working  the  slide  and  exhaust  valves,  receives  a  partial 
rotatory  movement  corresponding  to  the  vibrations  of  the  lever  or  levers, 
and  by  means  of  a  toe  or  6hort  lever  on  those  portions  of  the  shafts,  or 
the  interior  of  the  steam  and  exhaust  chests,  the  motion  is  transmitted 
to  the  valves. 

In  applying  this  invention  to  a  pair  of  inverted  cylinder  direct-acting 
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engines,  grated  slide  valves  are  used,  which  work  horizontally  across 
the  steam  ports,  and  the  faces  of  which  are  parallel  to  the  cylinder. 
These  valves  have  a  series  of  small  ports,  through  which  the  steam  is 
admitted  into  the  cylinder.  And  it  is  preferred  in  this  case  to  exhaust 
the  steam  from  the  cylinder  through  two  other  ports,  called  the  exhaust 
ports,  having  similar  grated  slide  valves  working  horizontally  across 
them,  through  which  the  steam  passes  in  exhausting  from  cylinder  to 
condenser. 

These  grated  valves  are  moved  by  a  toe  that  operates  against  two 
projections  cast  on  the  valve.  This  toe  is  fixed  on  an  upright  shaft, 
which  receives  a  vibratory  motion  from  a  cam  fixed  on  a  separate 
shaft,  wrought  from  the  main  engine  shaft.  The  cam  is  of  the  class 
generally  used  to  give  motion  to  the  feed  apparatus  of  slotting 
machines  and  other  tools;  that  is,  a  solid  ring  of  metal  having  a 
groove  running  round  its  circumference,  partly  in  an  oblique  direc- 
tion, diverging  off  the  original  groove  into  another  groove  which 
runs  round  the  circumference  some  distance,  and  then  turns  off  till  it 
joins  into  the  original  groove.  Advantage  is  taken  of  this  diverging 
groove,  as  the  cam  revolves  with  the  engine,  to  give  a  vibratory  motion 
to  the  upright  shaft  which  works  the  grated  valves  by  means  of  the  toe 
already  described.  This  vibratory  motion  is  conducted  to  the  upright 
shaft  through  a  lever  fixed  on  its  lower  end,  the  lever  being  fitted  with 
a  pulley  working  loose  on  a  stud  projecting  into  the  groove  of  the  cam, 
and  when  the  cam  revolves  the  divergence  and  reunion  of  the  grooves 
causes  the  lever  to  vibrate. 

In  the  case  of  the  cam  for  working  steam  valves,  one  cam  with  two 
grooves  is  preferred — one  groove  for  working  the  top  steam  valve, 
through  a  solid  shaft,  the  other  groove  for  working  the  bottom  steam 
valve,  through  a  hollow  shaft  working  loose  on  the  solid  shaft.  In 
the  case  of  cams  for  working  exhaust  valves,  one  cam  is  preferred,  with 
one  groove,  having  one  lever  fixed  to  the  solid  shaft,  and  which 
actuates  the  top  exhaust  valve,  working  in  the  bottom  side  of  the 
cam  ;  and  having  the  other  lever,  which  is  fixed  to  the  hollow  shaft, 
and  actuating  the  bottom  exhaust  valve,  working  in  the  top  side  of 
the  cam. 

To  reverse  the  engines  of  inverted  direct-acting  marine  engines,  it  is 
preferred  to  do  this  by  means  of  a  spiral  groove  in  the  boss  of  the 
wheel,  through  which  motion  is  transmitted  from  the  engine  shaft. 
This  reverse  motion  is  already  in  use,  and  need  not  be  described  here. 

In  the  plate,  fig.  1  is  a  sectional  plan  of  a  cylinder,  showing  the 
grated  valves  actuated  by  the  arrangement  of  cams  and  levers.  Fig. 
2  is  a  section  of  the  cylinder,  showing  steam  and  exhaust  ports  and 
valves,  with  solid  and  hollow  upright  shaft  for  working  them.  Fig.  3 
is  a  longitudinal  elevation  of  the  crank  shaft,  with  the  small  or  secondary 
shafts,  having  exhaust  cams  attached ;  also  showing  the  spiral  tongue 
for  reversing  the  valves.  Fig.  4  is  an  end  elevation,  showing  the  steam 
and  exhaust  cams  on  their  relative  shafts ;  also  the  vertical  solid  and 
hollow  shafts  for  working  the  valves,  with  lever  connecting  these  shafts 
to  the  cams. 

a,  a'  are  the  exhaust  ports ;  b,  b1  the  steam  ports,  having  a  series  of 
smaller  ports  running  parallel  with  the  cylinder;  C  is  the  top  steam 
valve,  in  which  ports  are  formed  corresponding  to  those  in  the  valve 
seats ;  d  is  the  toe  fixed  on  the  upright  shaft  E,  which  gives  motion  to 
the  top  steam  valve.  The  shaft,  E,  is  the  solid  shaft  before  described, 
and  extends  downwards  to  the  engine  sole  plate  ;  it  is  geared  into  the 
groove  of  the  cam,  h,  fig.  1,  by  the  lever,  g. 

c1  is  the  bottom  steam  valve.  J  is  the  toe,  fixed  on  the  upright 
hollow  shaft,  I,  and  which  gives  motion  to  the  bottom  steam  valve.  The 
hollow  shaft,  I,  is  connected  with  the  cam  h  by  the  lever  k. 

The  cam,  n  (fig.  4),  is  fixed  on  the  shaft,  l,  which  receives  a  revolv- 
ing motion  from  the  engine  main  shaft,  x,  through  wheels,  P  and  N, 
both  of  which  are  of  the  same  diameter,  and  give  the  shaft,  l,  the  same 
number  of  revolutions  as  the  shaft,  x. 

As  the  cam  H  revolves  with  shaft,  l,  and  produces  a  vibratory  motion 
on  the  upright  shafts,  E  and  I,  by  means  of  levers,  G  and  K,  working  in 
diverging  grooves,  O,  O1,  this  vibratory  motion  of  the  upright  shaft,  E  and 
I,  opens  and  shuts  the  valves,  C,  C1,  by  meaDS  of  the  toes,  D  and  J. 

The  exhaust  valves,  being  actuated  in  a  manner  similar  to  that  of 
the  steam  valves,  need  not  be  more  particularly  referred  to. 
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RECENT      PATENTS. 


STEAM  GENERATORS  AND  ENGINES. 

J.  Henby  Johnson,  London  and  Glasgow. —  Communicated  by  G.  B. 
Brayton,  of  Boston,  U.S. — Patent  dated  3rd  May,  1865. 

Me.  Brayton's  invention  relates,  first,  to  improvements  in  steam  genera- 
tors, whereby  economy  of  fuel  and  in  the  cost  of  the  generator  is  obtained, 
and  the  danger  from  explosion  is  obviated  ;  secondly,  to  an  improved 
apparatus  for  feeding  steam  generators ;  and  thirdly,  to  an  improved 
valvular  arrangement  of  reciprocating  steam  engines,  whereby  a  simple 
and  easy  mode  of  effecting  the  "  cut  off"  is  obtained,  without  the  neces- 
sity for  interfering  with  or  adjusting  any  of  the  actual  moving  parts, 
provision  being,  at  the  same  time,  made  for  the  perfect  balancing  and 
rendering  uniform  of  the  action  of  reciprocating  steam  engines. 

According  to  the  first  part  of  this  invention  it  is  proposed  to  generate 
steam  in  tubes  having  a  constant  supply  of  water,  such  tubes  being 
surrounded  by  other  tubes  in  contact  therewith,  capable  of  being  highly 
heated,  so  that  complete  combination  of  the  gases  emanating  from  the 
fuel  while  in  contact  therewith  may  be  effected,  whilst  the  elevated 
temperature  is  transmitted  to  the  inclosed  generating  tubes.      Above 
and  resting  upon  the  generating  tubes,  which  are  placed  at  a  slight 
inclination  above  the  furnace,  are  arranged,  side  by  side,  a  number  of 
cast-iron  plates,  with  small  spaces  or  intervals  left  between  them  for  the 
passage  of  the  gases  and  products  of  combustion  to  the  chimney,  the 
object  of  such  plates  being  to  check  or  retard  the  passage  of  the  gases, 
and  by  being  highly  heated  to  serve  as  magazines  of  heat  when  the  fire 
is  being  stoked.     This  generator  is  kept  constantly  supplied  with  hot 
water  by  means  of  a  self-acting  feeding  apparatus,  which  constitutes 
the  second  head  of  the  invention,  and  consists  of  a  vessel  containing  the 
feed  water  at  the  lowerpart,  whilst  its  upper  portion  is  filled  with  steam 
from  the  generator  itself,  a  steam  pipe  being  led  from  the  generator  to 
the  upper  portion  of  the  vessel  for  that  purpose,  whilst  another  pipe 
leads  from  the  water  space  in  the  vessel  to  the  generating  tubes  of  the 
generator,  and  consequently  an  equilibrium  pressure  is  exerted  upon  the 
water,  which  flows  into  the  generating  tubes  as  required.     A  pipe  is 
also  fitted  on  to  the  top  of  the  vessel  for  the  purpose  of  supplying  steam 
for  the  working  of  an  engine,  or  for  any  other  purpose  required.     Below 
the  body  of  the  vessel  above  described,  there  is  formed  a  separate 
chamber  into  which  the  exhaust  steam  is  directed,  so  that  the  water  in 
the  vessel  may  be  heated  by  steam  above  and  below  it.     The  supply 
of  water  to  the  generating  tubes  is  controlled  and  its  action  regulated 
by  combining,  by  means  of  a  contracted  tube,  the  said  generator  with  the 
vessel  or  feed  water  reservoir,  the  water  in  the  generator  and  in  the 
reservoir  being  under  the  same  pressure.     According  to  the  third  part 
of  this  invention,  it  is  proposed  to  employ  a  variable  and  self-adjusting 
"  cut  off"  in  steam  engines,  operated  by  the  governor,  for  the  purpose 
of  equalizing  and  rendering  uniform  the  action  of  reciprocating  steam 
engines.     For  this  purpose  the  d,  or  slide  valve,  is  provided  with 
auxiliary  steam  ports  opening  out  at  the  ends  of  the  slide  and  in  the 
face  thereof,  and  communicating  alternately  with  the  ordinary  steam 
ports  in  the  cylinder,  such  auxiliary  steam  ports  being  opened  and 
closed  more  or  less  according  to  the  amount  of  steam  to  be  admitted 
by  means  of  small  slide  or  "  cut  off  "  valves  of  their  own.     These  "cut 
ofl  "  valves  are  carried  on  a  balance  lever,  which  is  pivoted  to  one 
side  of  the  main  slide,  and  is  worked  by  a  lever  on  the  inner  end  of  a 
rocking  spindle,  which  enters  through  a  stuffing  box  in  the  side  of  the 
valve  chest.     The  outer  end  of  this  spindle  carries  a  cam  lever  which, 
in  the  case  of  oscillating  engines,  is  tilted  by  coming  in  contact,  during 
the  oscillation  of  the  cylinder,  with  one  or  other  of  two  sliding  cams  or 
stops.     These  stops  are  brought  into  the  requisite  position  for  coming 
in  contact  with  the  cam  lever  by  means  of  a  wedge  or  double  incline 
piece,  which  slides  between  them  and  so  causes  them  to  separate  more 
or  less,  a  spring  bringing  them  together  again  when  the  wedge  is  with- 
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drawn.  This  wedge  is  raised  and  lowered  by  being  connected  with 
the  arms  of  a  centrifugal  governor.  It  will  thus  be  seen  that  the  action 
of  the  governor  is  to  open  and  close  more  or  less,  according  to  the 
speed  of  the  engine,  the  two  "  cut  off"  valves,  which  slide  over  the 
auxiliary  ports  in  the  ends  of  the  main  D,  or  slide  valve  of  the  engine ; 
the  amount  of  such  "  cut  off  "  being  regulated  by  the  positions  of  the 
sliding  cams  or  stop  pieces.  The  main  slide,  or  D  valve,  is  worked  by 
means  of  a  vibrating  lever  arm  having  its  centre  of  motion  within  the 
valve  chest.  This  arm  works  inside  the  central  or  exhaust  chamber  of 
the  slide  valve,  aud  is  there  connected  by  jointed  links  to  the  opposite 
ends  of  such  chamber.  This  arrangement  affords  a  yielding  connection 
between  the  slide  valve  and  the  vibrating  lever  arm,  and  admits  of  the 
valve  reciprocating  along  the  plane  surface  of  and  in  contact  with  the 
valve  face,  although  the  end  of  the  arm  itself  describes  an  arc  of  a 
circle.  The  rocking  spindle  which  carries  the  vibrating  arm  above 
referred  to  passes  through  a  stuffing  box  in  the  side  of  the  valve  chest, 
and  carries  (in  the  case  of  an  oscillating  engine)  a  lever  arm  on  its  outer 
extremity,  the  lower  end  of  such  lever  arm  resting  in  a  fixed  socket,  so 
that  the  movement  of  the  cylinder  on  its  trunnions  will  impart  the 
requisite  motion  to  the  rocking  shaft  for  working  the  main  slide  valve. 
Although,  for  the  sake  of  convenience,  the  valve  motion  as  it  would  be 
worked  when  applied  to  an  oscillating  engine  is  described,  it  is  obvious 
that  by  very  slight  modifications,  which  will  be  readily  understood  by 
the  practical  engineer,  the  same  motion  may  be  applied  to  reciprocating 
engines  having  fixed  cj'linders. 

Fig.  1  is  a  sectional  elevation  of  the  improved  generator,  and  fig.  2 
is  a  transverse  vertical  section  across  the  generating  vessels,  taken 
along  the  line  x  x  in  fig.  1.     The  fire  space  contains  the  grate  bars,  h; 


Fig.  1. 


Fig.  2. 


d  is  the  water  vessel  or  vessels  for  the  generation  of  steam,  which  are 
formed  in  this  case  of  wrought-iron  tubes  or  gas  pipes  put  together  in 
the  ordinary  manner. 

These  vessels  or  pipes,  d,  are  all  connected  at  one  end  with  a  hori- 
zontal water  vessel,  c",  which  receives  the  supply  of  water  and  distributes 
it  to  the  several  generating  vessels,  d.  With  these  are  connected  at 
their  other  ends  upright  vessels  or  pipes,  d',  which  ascend  about  two 
feet,  and  are  then  bent  into  the  form  shown  in  the  drawing,  forming  a 
series  of  horizontal  tubes,  the  steam  being  allowed  to  pass  off  therefrom 
at  i'.  e  e  are  the  intercepting  or  transmitting  media,  shown  more  clearly 
in  fig.  2,  intervening  between  the  water  vessels  or  tubes,  d,  and  the  fire. 

In  this  instance  they  are  made  to  con- 
form to  the  external  shape  of  the 
water  vessels,  and  to  come  into  contact 
with  the  same.  They  are  about  one- 
half  inch  in  thickness,  and  are  divided 
into  two  pieces  lengthwise,  so  as  to  be 
readily  removed  and  replaced.  They 
can  be  kept  in  place  by  small  pieces  of 
metal  wedged  in  between  them.  This 
medium  is  made  of  any  suitable  material  which  will  best  endure  the 
action  of  the  fire  ;  cast  iron  answers  the  purpose  well.  The  generator,  as 
described,  may  be  inclosed  in  brickwork,  or  cast-iron  plates  lined  with 
any  good  non-conducting  material.  The  object  of  the  employment  of  the 
intercepting  and  transmitting  medium,  e,  is  to  bring  the  water  vessel  into 
close  contact  with  the  fire  in  order  to  absorb  the  heat  as  soon  as  it  is 
generated,  without  interfering  with  the  perfect  combustion  of  the  gases. 


This  medium,  whilst  intercepting  and  transmitting  beat  to  the  water 
tubes,  becomes  heated  to  a  high  degree,  thus  permitting  a  proper  com- 
bustion of  the  gases  in  contact  with  it.  By  this  means  a  slow  natural 
combustion  may  be  made  use  of,  preventing  thereby  the  escape  of  a 
large  amount  of  heat  to  the  chimney. 

The  action  of  this  apparatus  in  the  generation  of  steam  is  as  follows : — 
Water  is  supplied  to  the  generating  vessels,  d,  by  any  suitable  means 
whereby  they  may  receive  a  sufficient  and  regular  supply,  and  is  allowed 
to  rise  in  the  upright  vessels,  d',  to  any  given  height.  Heat  from  the 
fire,  g,  acts  first  upon  the  vessels,  d,  through  the  media,  e,  as  above 
explained,  and  then  passes  up  and  amongst  the  horizontal  pipes,  d",  on 
its  way  to  the  chimney,  k.  Steam  when  generated  in  the  vessels,  d, 
passes  up  and  into  the  series  of  horizontal  pipes,  in  which  any  water 
that  may  be  carried  up  by  the  rapid  rush  of  steam  along  the  upright 
pipes  is  also  converted  into  steam. 

In  the  form  of  generator  described,  consisting  of  a  series  of  pipes 
placed  in  the  flame  of  the  fire,  these  pipes  are  sufficiently  inclined 
upwards  from  the  point  where  they  receive  the  supply  of  water  to  the 
point  where  they  join  the  upright  pipes  to  cause  or  allow  steam  to  flow 
in  that  direction.  Plates,  m  m,  made  of  cast  iron  are  placed  above  and 
near  the  upper  surface  of  the  media,  e,  leaving  sufficient  space  for  the 
flames  to  pass  between  them  and  the  several  media.  Each  plate 
extends  from  the  centre  of  one  vessel  to  the  centre  of  the  next,  allowing 
but  a  small  space  between  the  different  plates. 

The  object  of  these  plates  is  to  retard  the  escape  of  the  flames,  and 
to  cause  them  to  follow  a  course  in  conformity  with  the  shape  of  the 
upper  surface  of  the  water  vessel,  thus  keeping  the  flames  in  contact 
with  their  whole  surface,  and  permitting  a  large  proportion  of  the  heat 
to  be  taken  up  by  the  vessels  before  the  gases  finally  pass  up  between 
the  plates.  The  plates  becoming  highly  heated  act  as  heat  reservoirs 
or  magazines,  and  during  the  operation  of  stoking  or  replenishing  the 
fire  they  give  out  heat  to  the  generating  vessels,  thus  serving  to  equalize 
or  make  up  for  any  sudden  decrease  in  the  intensity  of  the  fire.  They 
can  be  made  of  cast  iron,  or  other  suitable  material. 

The  feed  apparatus  which  constitutes  the  second  part  of  this  inven- 
tion is  also  illustrated  in  elevation  in  fig.  1.  It  consists  of  a  closed  metal- 
lic vessel,  a,  wholly  removed  from  the  direct  action  of  the  fire.  It  has  but 
one  water  and  one  steam  communication  with  a  steam  generator;  the 
latter  at  or  near  its  top,  to  allow  steam  from  the  generator  to  flow  in 
upon  the  upper  surface  of  the  water  it  contains,  in  order  to  maintain 
the  same  pressure  in  both,  and  the  former  at  or  near  the  bottom,  for 
water  to  flow  to  the  generator.  It  can  thus  receive  heat  only  from 
steam  acting  upon  the  upper  surface  of  the  water  it  contains. 

This  supplemental  vessel  is  designed  for  and  applicable  to  a  steam 
generator  capable  of  containing  only  a  very  small  quantity  of  water,  as 
compared  with  the  ordinary  forms  of  steam  boilers  of  the  same  steam- 
generating  capacity. 

The  operation  of  this  apparatus,  which  the  inventor  calls  a  "  safety 
supplemental  steam  and  water  vessel,"  in  connection  with  a  steam- 
generating  apparatus,  is  as  follows: — Water  is  admitted  to  the  vessel,  a, 
to  any  determined  height  by  pressure  from  the  pump,  or  other  equiva- 
lent means,  through  the  pipe,  I,  whence  it  flows  into  and  finds  its  level 
in  the  generator  by  the  pipe,  c,  the  bottom  of  which  is  placed  below  the 
water-line  of  the  vessel.  The  height  to  which  water  is  to  be  admitted 
to  the  vessel,  a,  may  be  determined  by  any  suitable  means  for  deter- 
mining the  height  of  water  to  be  maintained  in  a  steam  boiler ;  a  common 
copper  float  in  the  vessel,  connected  with  and  operating  a  throttle  valve 
in  a  cold  water  pipe  leading  to  a  force  pump  kept  in  constant  operation, 
will  answer.  When  steam  is  formed  in  the  generator  it  passes  into  the 
vessel,  a,  through  the  pipe,  i,  above  the  surface  of  the  water  it  contains, 
and  water  continues  to  flow  to  the  generator  through  the  pipe,  c,  as  fast 
as  water  is  there  converted  into  steam,  thus  maintaining  the  same  level 
in  both.  Steam  may  be  drawn  from  the  vessel,  a,  through  the  pipe,  n, 
to  supply  an  engine,  or  for  other  purposes. 

The  object  of  this  vessel,  a,  in  connection  with  a  steam-generating 
apparatus  of  small  water  capacity,  may  be  explained  as  follows : — It  is 
considered  necessary,  in  order  to  operate  with  safety  the  ordinary  forms 
of  steam  boilers,  to  keep  a  large  body  of  water  in  the  boiler  itself,  and 
the  greater  the  quantity  of  water  which  can  be  properly  held  in  an 
ordinary  boiler  the  greater  the  degree  of  safety  with  which  it  can  be 
operated,  because  any  sudden  lack  of  water  is  less  liable  to  take  place, 
and  much  time  is  thus  given  to  discover  any  gradual  diminution  in  the 
quantity  of  water.     But  in  such  cases  the  water  in  the  boiler  becomes 
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heated  to  a  high  temperature ;  and  if  such  a  hoiler  with  steam  at  100 
pounds'  pressure  to  the  square  inch  were  opened  to  the  atmosphere  by 
accident  or  otherwise,  enough  steam  would  he  given  out  from  the  water 
to  equal  in  volume  ahout  800  times  the  quantity  of  water  contained,  which 
would  cause  damage  in  exerting  its  expansive  force.  Now  this  vessel,  a, 
contains  in  direct  communication  with  the  steam  and  water  of  a  steam 
generator  a  hody  of  water  which,  whilst  it  is  wholly  removed  from  the 
direct  action  of  the  fire,  still  maintains  to  the  generator,  as  far  as  relates 
to  a  sufficient  supply  of  water,  the  same  relation  that  it  would  if  held  in 
the  generator  itself,  with  only  this  difference,  that  it  is  kept  at  an  average 
temperature  below  its  boiling  point,  thus  insuring  safety ;  for  if  this 
vessel,  a,  were  opened  to  the  atmosphere  by  accident  or  otherwise, 
with  a  pressure  of  steam  at  100  pounds  to  the  square  inch,  little  steam 
would  be  given  out  by  the  water  it  contains  to  cause  damage  by  its 
expansive  force,  and  as  in  such  a  case  little  steam  can  come  from  a 
generator,  such  as  it  is  designed  to  use  with  this  vessel,  owing  to  the 
fact  of  its  containing  but  a  very  limited  body  of  water  from  which  steam 
could  be  developed,  as  before  explained,  the  whole  apparatus  is  rendered 
safe.  An  advantage  is  also  secured  by  the  use  of  this  vessel  in  com- 
bination with  the  form  of  generator  mentioned,  as  only  a  small  radiating 
surface  is  obtained,  confined  entirely  to  the  vessel,  a,  which  not  being 
exposed  to  the  direct  action  of  the  fire  can  be  effectually  and  perman- 
ently protected  by  any  good  non-conducting  material.  The  vessel, 
a,  can  also  be  made  of  cast  iron,  thus  reducing  the  cost  over  that  of 
wrought  iron.  A  closed  vessel  or  chamber,  b,  is  connected  with  the 
bottom  of  the  vessel,  a,  and  acts  as  a  receiver  of  exhaust  steam  from  an 
engine.  In  the  apparatus  represented  in  the  drawing  the  sides  of  the 
vessel,  a,  are  extended  down  to  the  bottom  of  the  vessel,  b,  thus  making 
the  sides  of  the  two  vessels  in  one  piece. 

Exhaust  steam  from  an  engine  is  admitted  to  the  vessel,  b,  through 
the  pipe,  o,  and  comes  in  contact  with  the  under  surface  of  the  vessel, 
a,  and  transmits  heat  to  the  water  on  the  upper  surface,  thus  heating 
the  water  before  it  passes  to  a  generator  by  the  pipe,  c.  The  pipe,  c, 
is  placed  at  some  distance  from  the  bottom  of  the  vessel,  a,  to  allow  the 
water  admitted  through  the  pipe,  I,  to  become  properly  heated  before 
passing  off  to  the  generator. 

An  outlet  for  the  steam  to  escape  from  the  vessel,  b,  is  provided  by 
the  pipe,  p,  which  opens  to  the  atmosphere. 

By  this  combination  of  a  feed  water  heater  with  a  steam  and  water 
vessel  in  a  steam-generating  apparatus,  considerable  economy  both  as 
to  cost  and  space  to  be  occupied  is  obtained. 

The  pipe,  c,  is  contracted  at  c',  the  contraction  being  of  a  capacity 
to  be  determined  by  testing  the  evaporating  power  of  the  generator 
when  filled  with  water  to  the  proper  height.  The  size  of  the  opening  is 
then  gauged  or  reduced  so  as  to  admit  but  little  more  water  in  a  given 
time  than  can  be  evaporated  in  that  time  by  the  generator  under  the 
conditions  of  its  regular  action ;  thus  in  case  water  should  wholly  leave 
the  generator  from  whatever  cause,  this  supply  of  water  when  again 
admitted,  would  soon  be  sufficient  to  meet  all  demands  upon  the  gener- 
ator for  steam,  and  gradually  fill  it  to  the  required  height.  The 
object  of  this  device,  or  the  result  to  be  obtained  from  its  use,  can  be 
explained  as  follows  : — If  by  any  means  the  generator  during  its  opera- 
tion should  become  highly  heated  from  the  absence  of  water,  and  if  then 
it  should  again  commence  to  fill  up,  or  the  interrupted  supply  commence 
to  flow  in,  the  supply  of  water  to,  and  the  action  of  the  same  in  the 
generator,  is  so  regulated  or  limited  that  no  explosion  can  take  place ; 
for  from  this  supply  of  water  sufficient  steam  is  evaporated  to  gradually 
raise  the  pressure  to  the  required  point,  while  the  overheated  generator 
is  reduced  to  its  proper  temperature,  and  is  filled  up  to  the  usual 
height  when  the  regular  action  again  commences.  Were  a  large  body 
of  water,  or  a  quantity  much  exceeding  the  evaporating  capacity  of  the 
generator  under  the  conditions  of  its  regular  action,  to  be  at  once 
admitted  into  the  highly  heated  generator,  an  excessive  quantity  of 
steam  would  be  instantly  given  off  to  explode  the  generator,  which 
would  be  much  weakened  while  thus  overheated. 

It  will  be  seen  from  the  foregoing  explanation  of  the  nature  and 
mode  of  operation  of  this  part  of  the  said  invention,  that  the  supply  of 
water  to  and  the  action  of  the  same  in  a  steam  generator  of  a  prescribed 
nature  can  be  controlled  and  regulated  by  simple  and  efficient  means, 
so  that  while  its  regular  action  is  such  as  to  permit  a  body  of  water  to 
be  held  in  the  generator,  it  wholly  avoids  the  danger  of  exploding  the 
same  if  by  any  means  it  should  become  highly  heated  from  the  absence 
of  water,  and  the  interrupted  supply  again  be  allowed  or  commence  to 
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flow  in  ;  and  it  also  causes  or  permits  a  gradual  filling  up  of  the  genera- 
tor to  the  proper  height,  and  a  return  to  its  regular  condition  and  action. 

It  is  well  known  that  many  attempts  have  been  made  to  operate 
steam  generators  in  a  manner  to  render  explosion  impossible,  by 
supplying,  at  regular  intervals,  a  specified  amount  of  water  by  pressure 
from  a  pump,  or  other  equivalent  means,  which,  falling  upon  the 
highly  heated  surface  of  a  generator,  is  instantly  converted  into  steam. 
In  such  cases,  the  amount  of  water  thus  admitted  is  limited  to  the 
requirements  or  demands  made  upon  the  generator  for  supplying  an 
engine  at  each  stroke  of  its  piston,  and  the  proper  action  of  the  engine 
is  dependent  upon  providing  the  proper  quantity  of  water.  Such 
attempts  as  the  above  have  been  found  to  be  attended  with  great 
uncertainty  of  action,  if  not  wholly  impracticable,  from  the  great  difficulty 
of  properly  regulating  the  supply  of  water  to  meet  the  varying  demands 
of  the  engine,  or  to  give  the  engine  a  uniform  and  equal  motion. 

Another  difficulty  exists  from  the  fact  that  a  generator,  heated  to  a 
high  temperature,  is  always  subjected  to  the  destroying  action  of  the 
fire.  The  above-mentioned  difficulties  are  overcome  by  this  invention, 
as  explained,  and  at  the  same  time  explosions  are  rendered  impossible. 

The  third  part  of  this  invention,  which  relates  to  the  valvular 
arrangement  of  all  kinds  of  reciprocating  steam  engines,  is  designed 
to  secure  a  simple  and  easy  mode  of  adjusting  the  cut  off  of  the  steam, 
without  it  being  necessary  to  interfere  with  or  adjust  any  of  the 
actual  moving  parts.  Provision  is  at  the  same  time  made  for  the 
perfect  balancing  and  rendering  uniform  the  action  of  reciprocating 
steam  engines. 

Fig.  3  is  an  elevation,  partly  in  section,  of  the  improved  steam  engine 
complete,   the    plane   of 

section  passing  through  Fig.  3. 

the  axis  of  the  governor, 
and  being  parallel  with 
the  longitudinal  axis  of 
the  cylinder,  according 
to  the  third  part  of  this 
invention.  Fig.  4  is  an 
end  view,  partly  in  sec- 
tion, of  the  same,  the 
plane  of  section  passing 
through  the  line,  a  b,  in 
fig.  3,  or  transversely  to 
the  longitudinal  axis"  of 
the  cylinder ;  and  fig.  5 
is  a  vertical  section  taken 
along  the  line,  c  d,  in  fig. 
4,  through  the  cylinder 
and  steam  chest,  showing 
the  method  of  working  the 
main  and  auxiliary  valves. 
Upon  a  frame,  A,  in  suit- 
able bearings,  B,  is  hung 
the  steam  cylinder,  C,  to  which  an  oscillating  motion  is  imparted  by 
the  piston-rod,  E,  working  directly  on  a  crank.  The  cylinder  is  pro- 
vided with  steam  ports,  g  and  g',  and  a  central  exhaust  port,  h,  and 
is  surmounted  by  a  steam  chest,  D,  containing  the  slide,  or  D  valve, 
I,  to  which  the  slide  movement  on  the  valve  face  is  given  by  means  of 
a  vibrating  lever,  J,  mounted  upon  a  rocking  shaft,  K,  which  traverses 
a  stuffing  box  in  the  back  of  the  steam  chest.  On  the  outer  end  of  the 
rocking  shaft,  K,  is  keyed,  or  otherwise  secured  at  its  upper  end,  a  lever, 
L,  whilst  its  lower  end  is  engaged  in  a  socket,  M,  fast  to  the  frame,  so 
as  to  be  stationary.  The  cylinder  in  its  oscillation  carrying  with  it 
the  shaft,  K,  whose  outside  lever  is  engaged  in  the  stationary  socket,  M, 
it  will  be  understood  that  it  will  impart  a  rocking  motion  to  the  said 
shaft,  which  is  imparted  to  the  lever,  J.  "With  this  lever,  J,  are  com- 
bined two  short  toggle  levers,  N,  which  are  pivoted  in  the  recess  of  the 
main  slide  valve,  affording  a  yielding  connection,  so  that  whilst  the 
lever,  J,  describes  an  arc  of  a  circle,  the  valve  will  be  moved  along  the 
plane  surface  of,  and  in  contact  with,  the  valve  seat.  The  slide  valve 
is  kept  in  place,  and  truly  guided  in  its  course,  by  means  of  a  guide- 
bar,  o,  projecting  from  the  chest  cover,  fitting  a  groove  in  the  top  of 
the  main  valve,  fig.  4.  The  main  slide  valve  is  provided  with  auxili- 
ary ports,  P  p',  through  which  steam  from  the  chest  is  admitted  into  the 
cylinder.  These  auxiliary  steam  ports  in  the  main  slide  valve  are 
curved,  so  as  to  terminate  respectively  in  the  ends  and  underside  of  the 
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slide  valve.  Against  the  ends  of  the  main  slide  valve  play  the  auxili- 
ary valves,  Q  and  Q',  which  are  mounted  on  a  balance  lever,  R,  pivoted 
to,  or  hung  in  the  rear  of,  the  main  or  D  valve.  This  balance  lever 
receives  an  oscillating  movement  in  the  following  manner: — Upon  a 
suitable  bracket  or  standard,  s,  is  mounted  a  governor,  of  centrifugal 
action — i.e.,  a  governor  consisting  of  two  or  more  balls,  which  are 
jointed  to  a  revolving  shaft  driven  directly  by  the  engine,  so  that 
according  to  the  speed  of  revolution  imparted  to  the  shaft,  the  balls 

diverge  from,  or  converge  towards, 
the  axis  of  revolution.  The  balls 
are  also  connected  with  a  central  rod, 
which  is  raised  or  lowered  in  its 
sleeve  according  to  the  position  of 
the  balls,  and  consequently  accord- 
ing to  the  speed  of  the  engine,  which 
is  dependent  upon  the  supply  of 
steam.  If  the  speed  of  rotation 
exceed  that  calculated  for  safety,  the 
supply  of  steam  is  to  be  diminished. 
Tin's  is  effected  in  ordinary  steam 
engines  by  combining  the  governor 
with  a  throttle  valve  in  the  main 
steam  supply  pipe.  In  this  case, 
however,  steam  is  cut  off  at  each 
stroke  of  the  piston,  so  that  the 
quantity  of  steam  admitted  will  be 
such  as  to  insure  uniform  action  of  the  engine.  This  cutting  off  is 
effected  by  the  auxiliary  slide  valves,  Q  and  q'.  To  this  effect  the 
central  rod  or  6pindle  is  provided,  at  its  lower  end,  with  a  double  wedge, 
w,  which,  as  it  moves  up  and  down  with  the  said  central  rod,  causes  a 
double  or  divided  cam,  w',  held  together  by  a  spring,  to  diverge  or 
converge  according  to  the  position  of  the  wedge,  w.  This  cam  is 
centrally  placed  in  relation  to  the  spindle — i.e.,  in  line  with  the  axis 

of  the  governor,  which  passes 
through  the  centre  of  the  trun- 
nions. Through  the  steam 
chest  on  the  side  of  the  gover- 
nor passeB  another  shaft,  Y, 
having  on  the  end  outside  the 
chest  a  cam  lever,  x,  which  is 
tilted  by  coming  in  contact 
with  the  cam,  w',  placed  in  its 
path  when  the  engine  is  oscil- 
lated. This  movement  is  par- 
ticipated in  by  a  lever,  z,  on 
the  other  end  of  the  shaft,  Y, 
in  the  interior  of  the  valve  chest ;  which  lever  is  provided  with  lugs, 
being  arranged  immediately  underneath  the  balance  lever,  R,  whereby 
the  cam  lever  receives  its  double  oscillation — i.e.,  the  oscillation  of  the 
cylinder,  and  the  oscillation  on  its  own  point  of  suspension — is  directly 
transmitted  to  the  balance  lever,  which  operates  the  variable  cut  off,  or 
auxiliary  slide  valves.  By  this  arrangement  or  mode  of  connecting  the 
rocking  cam  lever  with  the  balance  lever,  the  main  slide  valve  is  per- 
mitted to  reciprocate  without  interfering  with  the  operation  of  the 
auxiliary  slide  valves. 


MEASURING    SPIRITS. 

J.  Henry  Johnson,  London  and  Glasgow. —  Communicated  by  J.  H. 
Cox  &  J.  &  \V.  Murphy,  Montreal,  Canada. — Patent  dated  8th 
May,  18G5. 

Fig.  1  of  the  engravings  represents  a  side  elevation  of  the  meter,  the 
outer  case  of  which  is  shown  in  section ;  tig.  2  is  an  elevation  of  the 
discharging  end  of  the  same;  fig.  3  is  a  cross  section  taken  through  the 
meter  along  the  line,  A  B,  fig.  1 ;  and  fig.  4  is  an  enlarged  detail,  herein- 
after referred  to.  a  a  are  revolving  pans  or  cups,  four  or  more  in 
nurubiT,  of  any  convenient  size,  and  of  the  shape  shown ;  they  are 
arranged  around  an  axle,  with  a  circular  disc  of  metal  at  each  end,  to 
which  they  are  strongly  attached,  and  revolve  with  them  on  the 
axle.  These  cups  may  be  made  of  tinned  copper,  or  of  other  suit- 
able material,  1  is  a  jacket  or  outside  shell  of  metal  surrounding  the 
lower  half  of  the  revolving  axle  and  cups,  and  terminating  at  the  level 


of  the  axle  in  a  wide  flange,  to  which  the  upper  half  of  the  jacket,  d, 
also  provided  with  a  flange  on  the  lower  side,  is  firmly  bolted,  any 
suitable  packing  being  introduced  between  those  flanges  to  make 
a  liquid-tight  joint.  The  lower  side  of  the  jacket  is  of  the  form 
shown  in  the  engravings,  with  a  declivity  or  inclination  to  the  dis- 
charging end,  whence  the  spirit,  after  escaping  from  the  cups,  flows 
through  the  outlet-pipe,  c.  The  upper  portion  of  the  jacket  is  for  the 
purpose  of  retaining  the  fumes  of  the  spirit,  and  preventing  spilling;  it 
also  serves  for  supporting  the  cistern,  e,  into  which  the  spirit  passes 
from  the  worm  or  still,  and  from  thence,  in  a  gradual  manner  and  with 
a  uniform  pressure,  through  an  aperture  in  the  bottom  into  the  revolv- 
ing cups  below.  At  the  mouth  of  the  aperture  from  the  cistern  there 
is  a  valve,  /,  with  an  india-rubber  seat,  g,  and  spring,  h  (fig.  4),  the 
valve,/,  working  on  a  hinge,  as  shown.  The  spring  tends  to  open  the 
valve,/,  against  the  outside  of  the  cups,  a,  and  closes  the  aperture  from 
the  cistern,  e,  when  the  revolving  pans  or  cups  are  moving;  when  they 
stop  for  filling,  the  spring  is  disengaged  from  the  cup,  and  allows  the 
valve  to  open  for  the  purpose  of  filling  the  cup  with  the  spirit,  and 
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when  that  is  accomplished,  the  revolution  of  the  cups  recommences, 
and  as  the  spring  immediately  comes  in  contact  with  the  outside  of  the 
succeeding  cup,  it  closes  the  valve,  and  so  on.  i  is  a  small  cup  with  a 
bell  mouth,  placed  on  the  inside  of  the  lower  jacket,  as  shown  in  figs. 
1  and  3,  for  the  purpose  of  receiving  samples  from  each  of  the  cups,  a, 
as  it  discharges.  This  cup,  i,  is  divided  by  a  partition  into  two  unequal 
divisions,  one  about  three  times  greater  than  the  other,  for  the  purpose 
hereinafter  mentioned.  The  spirit  is  conveyed  from  the  sample  cup, 
i,  to  the  sample  receivers,  1c,  by  the  pipes  or  tubes,  I.  The  two 
sample  receivers  above  referred  to  are  placed  one  on  each  side  of  the 
meter;  they  maybe  circular  in  section,  and  of  any  suitable  diameter, 
each  possessing  a  slight  inclination  or  declivity  towards  the  discharging 
spout,  and  each  connected  with  the  small  sample  cup,  i,  by  suitable 
pipes,  I,  as  shown.  One  of  these  receivers,  connected  with  the 
larger  division  of  the  sample  cup,  is  under  the  control  of  the  excise 
officer,  who  may  examine  it  once  a  month,  and  the  second  one  under 
the  control  of  the  supervisor,  who  may  perform  the  same  duty  once  in 
three  months,  or  at  whatever  other  period  of  time  may  be  necessary. 
At  the  various  visits  of  these  respective  officials,  the  entire  quantity  of 
spirit  in  the  receivers  is  withdrawn  from  them,  through  the  discharge 
pipes  and  cocks,  V.  m  is  a  weighted  lever  working  on  the  fulcrum, 
n,  and  retained  in  place  by  suitable  guides.  The  short  arm  of  this  lever 
is  bent  inwards  nearly  at  right  angles  near  its  end,  passes  through  a 
slot  in  the  outer  casing,  and  terminates  in  a  point,  against  which  the 
catches,  o,  operate.  On  the  long  arm  of  this  lever  is  placed  a  balance 
weight,  p,  corresponding  with  the  amount  of  spirit  to  be  weighed  in 
each  of  the  revolving  cups,  o  o  are  the  catches  or  small  screws 
arranged  on  the  outside  of  the  disc,  and  made  adjustable  with  the 
lever — there  is  one  of  these  catches  for  each  cup.  q  is  a  double 
ratchet-wheel,  placed  on  the  end  of  the  axle;  the  inner  ratchet  is 
made  of  steel,  and  has  one  tooth  for  each  cup,  with  a  detent,  r,  work- 
ing in  it,  which  serves  to  stop  the  revolution  of  the  pan  at  its  proper 
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position,  independently  of  the  lever.  The  outside  ratchet  has  an 
indefinite  number  of  teeth  in  its  circumference,  in  an  opposite  direction 
to  the  teeth  of  the  inner  ratchet,  and  is  provided  also  with  a  detent,  s. 
These  two  detents  are  connected  with  each  other  by  a  pivot,  on 
which  they  play  freely,  and  work  on  a  second  pivot,  t,  passing  through 
the  first  detent.  By  the  rebound  of  the  revolving  cups,  the  inner 
detent,  r,  is  thrown  out  of  the  inner  ratchet,  and  by  that  means  allows 
the  machine  to  revolve,  when  the  succeeding  pan  is  filled  to  a  weight 
corresponding  to  the  ascertained  weight  exerted  by  the  lever. 

At  the  front  end  of  the  meter  there  is  placed  a  single  or  double 
register,  u,  which  indicates  the  number  of  pans  or  cups  discharged,  and 
is  worked  by  a  toothed  cam  or  ratchet,  on  the  end  of  the  shaft,  provided 
with  the  same  number  of  teeth  as  there  are  pans  or  cups. 

The  meter  is  surrounded  with  an  external  metal  casing  to  protect 
it  from  interference,  and  in  front  of  the  index  is  an  aperture  protected 

Fig.  2. 
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by  a  glass  face.  Small  doors,  fitted  with  suitable  locks,  but  differing 
from  each  other,  are  provided  in  the  casing  in  front  of  the  pipes,  I  I,  of 
the  sample  receivers,  the  keys  of  which  are  in  the  possession  of  the 
excise  officer  and  supervisor. 

Iu  using  this  meter,  the  inlet  pipe  into  the  cistern  of  the  meter  is 
attached  to  the  worm  or  still,  from  which  the  spirit  flows  directly 
into  the  cistern,  and  from  thence  in  a  uniform  manner  into  the  revolv- 
ing caps  or  pans  of  the  meter.  The  meter  having  been  previously 
adjusted  by  the  lever,  weight,  and  catches,  to  an  amount  corresponding 
in  weight  with  the  contents  of  each  cup  when  filled  with  spirit,  and  the 
index  hands  of  the  registers  placed  at  zero  on  the  scales,  the  first 
pan  is  filled  and  tilts  up  the  lever,  and  the  spirit  passing  down  is  dis- 
charged into  the  space  between  the  pan  and 
jacket,  but  in  discharging  from  the  cup  a 
sample  is  caught  by  the  small  cup,  i,  from 
which  one-third  is  conveyed  to  the  super- 
visor's sample  receiver,  and  the  remaining 
two-thirds  to  the  excise  officer's  sample 
receiver.  When  this  is  accomplished,  the 
succeeding  pan  is  in  a  position  for  being  filled 
and  emptied  in  the  same  manner;  and  so  on, 
each  succeeding  tilt  moving  forward  the 
index  hands  of  the  registers  in  the  ratio  of 
1  to  100,  or  in  whatever  other  proportion 
they  may  be  arranged. 

After  a  certain  period,  say  one  month,  to 
ascertain  the  amount  of  spirit  which  has 
passed  through  the  meter,  the  excise  officer 
withdraws  the  entire  amount  of  spirit  from 
his  sample  receiver,  and  tests  the  average  strength  with  an  hydrometer, 
and  by  noting  on  the  registers  the  number  of  pans  discharged,  and  con- 
verting the  same  into  pounds  weight,  the  number  of  gallons  of  spirit 
reduced  to  a  regular  standard  can  be  ascertained  by  the  use  of  the  specific 
gravity  table.  At  the  end  of  a  quarter,  or  three  months,  the  supervisor 
can  check  the  returns  of  his  subordinate  in  a  very  accurate  manner. 
By  the  use  of  this  invention  it  is  evident  that  a  very  great  saving 


will  be  effected  in  the  collection  of  revenue,  as  the  government  will  not 
be  at  the  mercy  of  interested  parties  in  making  returns,  whilst  to  the 
honest  distiller,  who  makes  correct  returns,  it  will  be  of  great  service  in 
forcing  the  dishonest  manufacturer  to  do  likewise,  and  therefore  not  be 
in  a  position  to  undersell  the  honest  man. 


MANUFACTURE  OF   STEEL. 

John  Ferguson  &  Robert  Miller,  Hohjtown  and  Glasgow. — Patent 
dated  1th  Jane,  1865. 

Tins  invention  relates  chiefly  to  the  production  of  Eteel  having  certain 
properties  similar  to  those  possessed  by  malleable  iron ;  that  is  to  say, 
that  whilst  retaining  the  properties  of  being  easily  tempered  and  hardened, 
it  is  possessed  of  much  more  ductility,  malleability, 
and  toughness  than  steel  produced  by  the  ordinary 
process.  The  process  by  which  the  metal  has  these 
properties  imparted  to  it  is  as  follows : — A  quantity 
of  slag  from  the  heating  furnaces,  together  with  a 
quantity  of  hammer  ciuders,  is  placed  in  a  puddling, 
boiling,  or  other  furnace,  after  which  a  charge  of  pig 
iron  is  introduced ;  the  furnace  is  now  raised  to  as 
high  a  heat  as  possible.  After  the  furnace  is 
thoroughly  heated  a  quantity  of  green  coal  is 
strewed  over  the  incandescent  fire  on  the  grate. 
The  damper  is  now  lowered;  when  this  is  done 
certain  alkalies,  acids,  or  oxides  are  introduced  to 
the  charge  of  pig  iron.  After  the  alkalies,  acids,  or 
oxides  are  introduced  and  thoroughly  commingled 
with  the  metal,  the  charge  is  rabbled  up  and  the 
balls  are  taken  to  the  shingling  hammer,  and  after- 
wards successively  treated  as  malleable  iron.  The 
alkalies,  acids,  and  oxides  which  it  is  preferred  to 
use,  are  charcoal,  common  salt,  oxide  of  man- 
ganese, carbonate  of  manganese,  and  the  sulphate 
of  soda. 

In  the  manufacturing  of  steel  under  this  invention  it  is  proposed  to 
place  in  the  heating  chamber,  or  on  what  is  generally  known  as  the  hearth 
of  an  ordinary  puddling  furnace,  from  two  to  two  and  a  half  hundred- 
weights of  hammer  or  flue  cinders,  or  a  mixture  of  these;  after  which 
three  and  a  half  hundredweights  or  thereabouts  of  ordinary  cast  or  pig 
iron  is  introduced,  and  the  furnace  doors  are  then  closed,  so  that  the 
fire  may  be  urged.  As  soon  as  the  charge  of  metal  is  observed  to 
liquefy  at  the  corners  of  the  pigs,  and  commences  to  run  down,  it  is 
preferred  to  break  up  the  pigs  or  pieces  of  the  charge,  which  by 
this  time  will  have  become  of  a  pasty  consistency,  and  the  charge 
is  then  evenly  spread  over  the  hearth.  After  this  part  of  the  opera- 
tion is  concluded  the  stopper  is  to  be  put  up,  and  the  temperature 
of  the  furnace  raised  until  the  whole  is  at  a  white  heat  and  in  a  semi- 
fluid state.  At  this  stage  a  quantity  of  fresh  coal  is  to  be  put  upon  the 
fire,  and  the  damper  put  down  during  the  whole  of  the  succeeding 
operations.  To  the  charge  in  the  furnace  is  now  to  be  added  38  ounces 
of  the  chemical  mixture  hereinafter  described,  and  the  workmen  con- 
tinually stir  the  charge  until  the  chemical  mixture  is  thoroughly  com- 
mingled therewith,  after  which  the  puddling  and  rabbling  up  of  the 
charge  is  continued  in  the  ordinary  manner,  care  being  taken  that  the 
entire,  charge  is  balled  up  before  any  of  the  balls  are  removed  to  the 
shingling  hammer.  Should  it  occur  that  at  this  stage  of  the  process 
the  furnace  is  darkened  by  the  fresh  fuel  previously  introduced,  and 
the  lowering  of  the  dampers  at  the  commencement  of  the  commingling 
operation,  so  as  to  prove  a  hindrance  to  the  workman,  the  damper 
may  be  slightly  raised,  so  as  to  give  the  necessary  light  within  the 
furnace. 

The  mixture  before  referred  to  consists,  as  follows,  of — Sixteen 
parts  of  lamp-black,  eight  parts  of  common  salt,  five  parts  carbonate  of 
manganese,  three  parts  black  oxide  of  manganese,  and  six  parts  of  dry 
sulphate  of  soda,  known  as  salt  or  nitre  cake. 

Although  the  foregoing  are  the  proportions  of  the  mixture  found  to 
answer  well  for  the  purpose  of  the  invention,  they  may  be  varied,  and 
some  of  them  added  in  an  uncombined  state,  such  as  soda  and  sulphuric 
acid  (sometimes  called  the  spirit  of  white  vitriol),  and  muriatic  acid,  or 
carbon  in  other  forms  than  lamp-black. 
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REVIEWS    OF    NEW    BOOKS. 


The  Atlantic  Telegraph.  By  W.  H.  Russell,  LL.D.  Illus- 
trated by  Robert  Dudley.  Dedicated  to  the  Prince  of  Wales. 
1  vol.  royal  8vo.     Day  &  Son  (Limited),  London.     1865. 

Messrs.  Day  &  Son,  especially  since  the  enlargement  of  their  estab- 
lishment into  a  limited  liability  company,  have  certainly  done  a  great 
deal  to  remove  the  reproach  that  has  so  often,  and  to  a  great  extent 
truly,  been  cast  upon  the  publishing  world  of  Great  Britain  as  com- 
pared with  that  of  the  Continent — namely,  that  costly  works  of  illustra- 
tion, such  as  come  forth  from  the  printing  houses  and  publishers  of 
Paris,  Berlin,  or  Vienna,  nay,  even  from  cities  such  as  Wiesbaden  or 
Stuttgard,  trusting  to  public  appreciation  only  for  a  mercantile  return, 
cannot  be  produced  in  England;  where  no  publisher  (it  has  been  alleged) 
had  the  spirit  to  embark  in  a  work  for  which  the  artists  alone  must 
be  largely  remunerated,  unless  indemnified  or  guaranteed  by  previous 
subscription  or  in  some  other  way. 

The  work  the  title  of  which  stands  above,  is  at  once  an  ceuvre  de  luxe, 
and  to  some  extent  a  valuable  and  enduring  scientific  and  engineering 
record  of  the  successive  efforts  and  failures  which  have  been  made  up 
to  this  time  to  lay  a  telegraphic  cable  across  the  Atlantic.  Although 
the  text  of  the  account  does  not  propose  to  be  much  more  than  a 
popular  sketch  of  what  has  been  proposed,  attempted,  done,  and  not 
done,  and  of  what  is  now  again  proposed  being  attempted  for  a  new  and, 
as  all  must  feel  (if  unsuccessful  again),  probably  final  attempt,  still  it 
is  neither  desultory  nor  inexact. 

Written  with  all  the  sparkle  and  vigour  for  which  Dr.  Russell  has 
become  celebrated,  it  is  enough  to  convey  clear  notions  of  the  train  of 
events  and  the  motives  deciding  them  to  the  scientific  electrical 
engineer,  and  yet  so  simple  as  to  be  read  with  interest  by  any  well 
educated  person  as  a  mere  narrative  of  one  of  the  most  noteworthy 
engineering  enterprises  that  have  ever  yet  been  engaged  in. 

The  work  comprises  no  less  than  twenty-six  full-paged  views  in  tinted 
lithograph,  drawn  in  every  instance  with  exquisite  accuracy  and  regard 
to  perspective  in  the  difficult  views  foreshortened  often  on  the  deck  or  in 
the  holds  of  the  Great  Eastern,  and  beautifully  tinted  with  colour.  This 
last  is  peculiarly  true  of  the  views  on  the  West  Coast  of  Ireland  and 
those  out  at  sea.  The  deck  and  other  views  on  board  the  Great 
Eastern,  are  sufficient  to  give,  aided  by  the  descriptive  matter,  pretty 
clear  general  notions  of  the  construction  of  the  complex  machinery  for 
uncoiling  and  paying  out  the  cable,  and  in  part  for  grappling  and  pick- 
ing it  up — the  latter  being  that  which  failed  so  lamentably  when  put  to 
the  proof.  But  there  are  no  working  drawings,  which  are  not  indeed  to 
be  expected  in  such  a  publication  ;  and  therefore  all  the  precise  technical 
details  of  the  machinery  remain  to  be  drawn  and  described  in  a  future 
work,  which  may  be  expected  probably  from  the  hands  of  some  one  of 
the  electrical  engineers  professionally  concerned,  and  we  may  hope 
from  the  press  of  the  same  publishers,  in  the  evetit  of  the  final  success 
of  the  new  effort  to  lay  a  new  cable  now  being  prepared  and  expected 
to  be  laid  in  the  summer  of  this  year.  In  common  with  every  one,  we 
wish  this  new  attempt  most  heartily,  success.  One  or  two  sobering  and 
wholesome  lessons  derivable  from  the  experience  of  the  past  failures, 
have  only  become  impressed  with  renewed  force  upon  our  own  minds 
in  perusing  this  later  narrative  of  them.  One  fact  stands  prominent 
above  everything  else  as  a  warning  beacon  for  the  future.  All  the 
disasters  that  have  happened  to  this  Atlantic  cable  are  traceable,  we 
may  say  are  directly  attributable,  to  defects  of  insulation.  Whatever 
opinions  or  differences  of  opinions  may  exist  amongst  engineers  as  to 
the  better  or  worse  construction  of  this  cable  in  other  respects,  certain 
it  is  that  but  for  the  repeated  discoveries,  during  the  act  of  paying  out 
and  not  be/ore,  of  great  defects  of  insulation,  the  cable  would  at  least 
have  been  safely  deposited  on  the  ocean  floor. 

The  tensile  strength  was  adequate  for  paying  out  purposes  ;  the 
paying  out  machinery  worked  fairly  well ;  but  each  successive  fault  of 
insulation,  as  it  was  discovered,  necessitated  again  and  again  resort  to  a 
complicated  train  of  difficult  and  hazardous  operations  and  expedients, 
for  first  turning  round  the  ship  and  then  hauling  in  at  the  bow  end  more 
or  less  of  the  cable. 

At  last — as  even  the  pitcher  cannot  go  too  often  to  the  well  in  the 
simple  maiden's  careful  hand  and  not  be  broken — in  the  midst  of  these 
ugly  mechanical  concertos,  the  cable  was  snapped.  Now  began  the 
attempt  to  grapple  and  raise  it.     While  we  may  wonder  that  it  ever 


was  seized  at  all,  it  is  impossible  not  to  see  that  there  was  a  grave  want 
of  forethought,  and  of  the  anxious  providence  that  should  preside  over 
the  details  of  every  conceivable  contingency  in  a  great  operation,  in 
everything  that  appertained  to  the  grappling  and  hauling-in  machinery, 
and  that  in  fact  had  those  defects  of  steam  power  and  so  forth,  which 
have  been  made  so  much  of  in  the  excuse-framing  line,  not  existed  at 
all,  still  the  cable  never  could  have  been  got  up  again  by  the  methods 
alone  devised  and  by  the  sort  of  apparatus  alone  before  provided  for  the 
contingency. 

In  fact,  had  the  hauling  engine  been  of  adequate  power,  the  only 
result  must  have  been  to  have  broken  the  cable  every  time  it  was 
seized  by  the  grappling-iron  at  or  near  the  latter.  We  think  far  better 
arrangements  might  have  been  made,  and  believe  it  may  be  possible  to 
simultaneously  so  grapple  and  cut  off  a  piece  of  a  sunk  and  broken  cable 
that  the  end  of  the  long  piece  still  below  may  be  got  once  more  to  the 
surface :  but  it  was  not  physically  possible  by  the  apparatus  on  board, 
nor  by  any  other  apparatus  employed  in  the  way  that  was.  But  while 
we  express  this  opinion  with  hesitation,  we  cannot  too  urgently  point 
to  the  fact,  that  no  deep  sea  cable,  once  sunk,  has  ever  yet  been 
recovered  or  restored  to  day  in  a  condition  to  be  of  any  further  use. 

The  attempts  made  to  recover  the  first  Atlantic  cable  proved  utterly 
nugatory  at  both  ends  of  the  line.  So,  we  regret  to  say,  we  apprehend 
it  will  prove  with  that  which  was  lost  last  year.  The  buoys  thrown 
over,  almost  in  mid  ocean,  have  disappeared  long  since,  as  was  to  have 
been  expected  they  must ;  still  it  may  be  possible  to  reach  the  spot 
at  which  the  cable  end  was  lost  by  navigation  methods.  Those,  how- 
ever, who  have  been  at  all  accustomed  to,  or  are  even  well  theoretically 
acquainted  with  marine  geodesy,  know  full  well  the  enormous  chances 
against  being  able,  by  sextant  and  chronometer,  to  bring  a  ship  to  a 
given  spot  on  the  unmarked  face  of  the  broad  ocean,  after  a  run  of  two- 
thirds  the  breadth  of  the  Atlantic  and  having  been  subjected  to  its 
vast  currents,  within  an  error  of  half  a  mile,  or  even  much  more. 
Still,  after  much  transverse  groping,  according  to  all  calculations  based 
on  probabilities,  the  lost  cable  may  be  hitched  once  more ;  or  it  is 
possible  it  may  be  caught  at  the  very  first  attempt.  But  in  either  case 
comes  the  pinch,  How  is  it  to  be  then  got  to  the  surface,  and  if  ever 
got  to  it,  will  it  be  of  any  value  for  re-immersion  ?  If  it  can  be  got  up 
to  the  light  of  day  at  all,  and  enough  of  it,  going  backwards,  can  be 
hauled  in,  we  entertain  but  little  doubt  that  at  last  a  splice  may  be  made 
good  to  a  long  length  of  the  cable  now  at  bottom,  so  that  it  shall  be 
capable  of  future  good  service  ;  but  what  are  the  chances  against  all  this  ? 

If  this  be  so,  the  real  safeguard  for  the  future — the  only  hope,  we 
might  say,  for  a  successful  issue  of  this  year's  renewed  effort — will 
depend  upon  whether  or  not  such  improvements  have  been  made  in 
the  fabrication  of  the  new  cable  now  in  hands  as  shall  reduce  to  zero 
the  occurrence  of  "faults" — defects  of  insulation  at  uncertain  points, 
before  the  cable  reaches  the  water. 

These  are  to  be  guarded  against,  first,  by  the  best  construction  of  the 
cable  itself;  secondly,  by  improved  methods  of  testing  insulation,  and 
discovering  the  want  of  it  at  any  point  before  it  is  too  late,  which  de 
facto  it  is  proved  that  it  is,  after  the  cable  is  once  overboard. 

As  regards  the  first,  Dr.  Russell  does  not  go  into  technical  detail ; 
and  a  decided  bias  in  praise  of  the  work  of  those  with  whom  he 
was  associated  in  his  Atlantic  trip  is  perfectly  excusable.  For  our- 
selves, however,  we  feel  bound  to  say — with  every  deference  to  the 
skill  and  position  of  many  of  those  who  have  been  and  are  intrusted 
with  this  work,  with  due  appreciation  of  those  eminent  men  who  really 
have  had  the  responsibility  upon  their  shoulders,  and  leaving  out  of 
view  some  whose  names  alone  have  been  connected  with  their  labours 
—  that  we  do  not  think  the  best  known  construction  has  yet  been 
employed  for  any  one  Atlantic  cable.  We  shall  not  shrink  from  avow- 
ing our  conviction  that  the  construction  adopted  by  Messrs.  C.  &  W. 
Siemens,  and  employed  by  them  in  deep  water  with  success,  and  now 
about  being,  as  we  understand,  employed  by  them  in  the  deep  water  of 
the  Southern  Atlantic,  presents  in  many  respects  a  vast  superiority  over 
that  about  being  again  used  by  the  Atlantic  Telegraph  Company  for 
their  next  attempt. 

That  it  may  be  successful,  and  so  its  success  prove  us  to  be  so  far 
wrong  as  to  have  over-estimated  the  chances  against  it,  we  most 
earnestly  hope  and  wish  ;  but  no  success  can*  alter  principles,  as  carried 
into  practice,  nor  prove  that  because  one  sort  of  cable  may  have 
answered,  another  is  not  better,  and  therefore  less  likely  not  to  answer. 
—Ed. 
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■  TTe  do  not  hold  ourselves  responsible  for  the  views  or  statements  of  our 
Correspondents. 


SPUING  SAFETY  VALVES. 
(To  the  Editor  of  the  Practical  Mechanic's  Journal.') 

StR, — Noticing  in  your  Journal  for  this  month  a  spring  safety  valve,  which 
seems  to  overcome  the  well-known  defect  in  the  ordinary  one,  reminds  me  of  a 
sketch  that  I  made  of  one  for  the  same  purpose  two  or  three  years  ago,  and  which 
I  inclose. 

'1  h'  rod,  which  is  free  to  move  along  the  slotted  balance  lever  on  two  small  wheels, 
is  connected  by  the  bar  with  a  bell  crank,  which  is  hinged;  this  crank  is  again 
connected  by  the  link  with  the  balance  lever. 

When  in  "action,  the  steam  raising  the  valve  and  balance  lever,  moves  with  it  the 
bell  crank,  and  draws  along  the  rod,  which  consequently  shortens  the  effective 
length  of  the  balance  lever,  and  gives  more  power  over  the  spring  as  its  resistance 
increases,  thereby  equalizing  the  external  pressure  on  the  valve  during  the  escape 
of  the  steam. 

I  am,  Sir,  yours  obediently, 

Loxdox,  January,  1866.  T.  A.  S. 


OBITUARY.— NICHOLAS   WOOD. 
Ever  and  anon,  in  the  course  of  human  progress,  the  insatiable  grasp 
of  death  lays  hold  of  some  one  or  other  of  those  great  pioneers  whose 
names,  as  long  as  memory  shall  last,  will  ever  be  treasured  with  pro- 
found veneration. 

Yet  it  is  not  all  who  can  feel  the  loss  sustained  to  a  nation  when 
the  soul  has  fled  and  left  behind  but  the  mere  form  which  once  did 
acts  of  human  greatness  ;  it  is  only  the  few  who  have  studied  and  made 
themselves  conversant  with  the  life  of  devotion  to  the  improvement  of 
his  country,  the  progress  of  his  profession,  and  works  generally  of 
philanthropic  advancement,  as  well  as  those  of  more  strictly  intellectual 
character,  who  can  realize  the  gap  made  by  the  absence  of  such  an  one 
as  Nicholas  Wood. 

Truly  has  it  been  said  that  the  life  of  a  great  engineer  is  one  pre- 
eminently philanthropic  (our  meaning  here  must  not  be  misunderstood). 
Where,  in  the  whole  routine  of  mundane  occupations,  can  be  found 
another  corporation  of  citizens  whose  lives  are  so  unceasingly  employed 
in  the  work  of  human  progress?  Nicholas  Wood  was  one  of  this  body, 
and  we  his  brethren,  yet  permitted  to  see  what  he  shall  not,  remain  to 
deplore  his  loss. 

To  all  of  us  was  he,  if  not  personally,  at  least  by  repute  well  known. 
In  the  early  part  of  the  present  century  we  find  him  busily  engaged  as 
a  colliery-viewer,  and  while  thus  occupied  he  found  time  for  pursuing 
many  interesting  objects  of  research  in  practical  science. 

Wherever  the  name  of  the  elder  Stephenson  is  known  that  of 
Nicholas  Wood  is  inseparable  from  it,  and  in  later  times  he  was  the 
friend  and  adviser  of  Robert. 

After  a  long  series  of  experiments  of  various  sorts  connected  with 
the  development  of  the  railway  system,  he  published  in  1825  a  work 
entitled,  "  A  Practical  Treatise  on  Railroads,  and  interior  communica- 
tion in  general,"  which  has  since  passed  into  several  editions.  Feeling, 
as  he  is  known  to  have  sometimes  said,  that  <;his  path  (meaning  the 
development  of  the  railway  system)  was  an  unbeaten  one,"  he  applied 
himself  with  the  keenest  attention  to  his  experiments,  the  practical 
value  of  which  will  be  known  to  many  who  read  this  notice. 

In  1824,  the  year  in  which  the  Stockton  and  Darlington  line  was 
opened,  it  became  necessary,  owing  to  the  vast  increase  of  trade,  to 
effect  some  improvements  in  the  mode  of  conveyance  between  the  towns 
of  Newcastle  and  Carlisle.  Great  diversity  of  opinion  was  entertained 
amongst  the  few  men  who  in  that  day  could  grapple  with  the  question, 
some  decided  in  favour  of  a  railway,  some  for  a  canal.  Under  these 
circumstances  Mr.  Wood  laid  open  to  the  public  the  results  of  his 
experiments,  which  had  for  their  object  the  illustration  of  the  immense 
importance  of  conveying  by  railways. 

To  those  of  our  own  day  whose  recollection  does  not  extend  so  far 
back  as  forty  years,  it  is  scarcely  possible  to  convey  a  proper  idea  of 
the  value,  especially  at  that  period,  of  such  researches  as  Mr.  Wood 
was  then  engaged  in,  nor  of  the  aid  which  he  rendered  to  the  elder 
Stephenson,  who  was  employed  in  a  comparatively  humble  position 
under  him  at  KilliDgvvorth  True  is  it  that  George  Stephenson  took  an 
active  part  in  the  various  experiments,  but  this  in  no  way  detracts  from 
the  merit  of  him  who  authorized  and  found  the  means  for  extensive  and 


expensive  trials  with  engines,  inclined  planes,  and  other  modes  of  mov- 
ing heavy  goods,  and  committed  to  writing  and  gave  to  the  public  the 
result  of  their  united  labours.  True  it  is  that  in  1825  it  was  thought 
even  by  Mr.  Wood  a  visionary  hope  that  a  speed  of  12,  16,  18,  or  20 
miles  an  hour  could  be  accomplished.  Equally  true  that  in  1833 
Mr.  Wood  acknowledged  with  some  surprise  that  on  the  Liverpool  rail- 
way an  average  rate  of  15  miles  was  kept  up  with  the  greatest  ease, 
and  on  one  occasion  nearly  double  that  rate,  or  30  miles  in  one  hour, 
had  been  attained.  It  is  by  such  admissions  that  we  perceive  the 
slow  degrees  by  which  a  knowledge  of  practical  results  is  advanced. 

There  can  be  very  little  doubt  but  that  without  Nicholas  Wood  there 
would  have  been  no  George  Stephenson,  now  of  monumental  celebrity; 
it  certainly  was  the  former  who  paved  the  way  for  the  latter,  and  posted 
up  the  public  mind  to  sanction  innovations  in  transit  such  as  can  nowhere 
find  a  parallel. 

Mr.  Wood  was  connected  with  many  learned  institutions,  being  a 
Member  of  the  Institution  of  Civil  Engineers,  Fellow  of  the  Royal 
Society,  as  well  as  the  London  Geological  Society.  He  took  an  active 
part  in  the  establishment  of  the  Northern  Institution  of  Mining 
Engineers,  of  which  he  continued  president  until  the  time  of  his  death. 

In  conclusion,  we  can  but  call  our  readers'  attention  to  the  character  of 
his  experiments,  and  of  the  first  published  work  in  this  country  on  loco- 
motive travelling.  "  It  would  be  too  much,"  he  modestly  observed, 
"for  me  to  assume  that  I  have  supplied  all  the  information  of  which  the 
subject  is  susceptible ;  on  the  contrary,  I  wish  it  to  be  understood  that 
what  is  herein  contained  must  be  considered  only  as  an  approxima- 
tion." After  giving  a  general  account  of  various  modes  of  internal 
travelling,  and  of  their  successive  transitions  into  then  existing  modes, 
he  described  the  first  introduction  of  railroads  (the  name  of  "railway  " 
had  not  then  obtained) — the  gradual  improvement  from  wooden  to  cast 
and  malleable  iron  rails.  He  confined  his  experiments  on  rails  to  such 
as  were  then  actually  in  use,  and  described  the  form  and  construction 
of  such  carriages  as  were  then  employed,  and  which,  it  may  be  observed, 
were  almost  entirely  wagons  for  conveying  coal.  The  various  rates  of 
inclination  of  lines  of  railway  were  specially  experimented  upon,  and 
numerous  tables  were  given  of  the  results,  both  as  regards  self-acting 
and  other  inclined  planes,  and  the  work  of  the  few  and  very  imperfect 
locomotive  engines  then  known.  Experiments  were  made  on  the 
Btrength  of  cast  and  malleable  iron  with  a  view  to  ascertain  the  proper 
strength  of  rails,  and  many  trials  were  made  to  ascertain  the  friction  or 
resistance  of  carriages  when  moving  on  rails. 

Mr.  Wood  died  on  the  19th  December,  at  the  ripe  age  of  71. — V.  D. 


PROCEEDINGS   OF   SCIENTIFIC    SOCIETIES. 


ROYAL   SCOTTISH   SOCIETY   OF   ARTS. 
ON  THE  EMPLOYMENT  OF  WATER    IN  THE    REMOVAL  OP   EXCRETA 

FROM  DWELLING-HOUSES. 
At  a  meeting  of  the  Royal  Scottish  Society  of  Arts,  on  Monday,  December  11, 186."., 
held  in  the  Society's  Hall,  George  Street,  Sheriff  Hallard,  President  of  the  Society, 
in  the  chair, 

Mr.  Alexander  Ramsay,  F.R.S.S.A.,  Manager  of  the  Edinburgh  Water  Company, 
read  a  paper  on  "  The  Employment  of  Water  in  the  Removal  of  Excreta  from 
Dwelling- Houses,1'  as  follows: — There  are  few  questions  of  a  sanitary  or  economical 
character  of  more  importance  at  the  present  day  than  that  which  is  comprised  in 
the  title  which  I  have  selected  for  this  paper.  The  attention  which  for  some  years 
past  it  has  attracted  has  more  recently,  from  a  variety  of  circumstances,  been 
greatly  increased.  There  has  been  an  aversion,  however,  to  discuss  it  publicly ;  the 
cause  of  which,  I  apprehend,  is  that  the  subject  is  frequently  or  generally  treated 
in  language  so  gross  as  to  be  repulsive;  and  to  a  prevailing  idea  that  it  does  not 
admit  of  being  inquired  into  otherwise  than  in  terms  which  are  offensive  to  a  proper 
sense  of  delicacy.     I  will  endeavour  as  far  as  possible  to  avoid  that  difficulty. 

The  circumstance  which  has  chiefly  aroused  public  attention  to  the  question,  is 
the  state  of  pollution  to  which  most  of  our  largest  and  finest  rivers  have  been 
reduced  by  being  converted  into  common  sewers.  In  the  eyes  of  many  persons  it 
is  not  much  that  the  fish  within  these  rivers  are  destroyed;  but  when  their  pure 
and  wholesome  waters  are  converted  into  poison,  and  beautiful  streams,  which  are 
the  very  emblem  and  embodiment  of  purity  and  salubrity,  are  reduced  to  a  seething 
mass  of  pestilence,  disgusting  and  revolting  to  those  senses  which  Nature  has 
bestowed  upon  us  to  warn  us  away  from  objects  which-  are  offensive  to  us  and 
dangerous  to  our  health,  the  subject  claims  the  attention  of  every  one. 

Chief  among  these  unfortunate  rivers  was,  until  very  recently,  the  Thames.  Its 
offensive  condition  has  driven  the  population  of  London  to  an  outlay  of  about  five 
millions  of  pounds  sterling,  in  order  to  free  them  from  an  atmosphere  of  poison, 
which  themselves  created  by  degrading  their  noble  river  into  a  foul  and  pestilential 
drain.  That  this  great  stream  is  now  being  freed  from  the  pollution  derived  from 
the  population  of  London  is  certain.     But  how  is  London  to  escape  the  contamination 
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due  to  the  large  and  increasing  population  higher  up — not  only  on  the  banks 
of  the  stream,  but  over  the  whole  length  and  breadth  of  the  Thames  valley  west- 
ward of  the  tideway — on  every  tributary  of  the  river,  and  wherever  there  is  a  human 
population  upon  them,  up  all  the  way  to  Oxford,  and  beyond  it  ?  By  an  Act  of 
the  Legislature,  passed  a  good  many  years  ago,  the  numerous  corporations  which 
provide  water  to  London  were  forbidden  to  take  their  supplies  from  any  point  on 
the  Thames  within  reach  of  the  tide.  No  water,  therefore,  is  now  drawn  for  the 
use  of  London  below  Teddington  or  Kingston-on-Thames;  and  the  sewage  of 
London  is  now  being  conveyed  to  a  thinly-inhabited  part  of  the  county  of  Essex — 
to  a  distance  of  nearly  forty  miles  away — and  there,  along  with  more  than  twenty 
times  its  bulk  in  water,  to  be  distributed  on  the  barren  soils  of  that  county,  or 
discharged  into  the  sea.  If  the  Thames  extended  no  farther  up  than  Kingston,  it 
would  thus  once  more  be  the  "silver  Thames,"  and  would  again  almost  rival  the 
purity  of  our  own  Tweed  at  Drumelzier.  But  how  does  the  question  now  stand  ? 
The  Thames  has  been  freed,  or  is  about  to  be  freed,  from  the  pollution  of  the  three 
millions  of  persons  who  form  the  population  of  London  ;  but  to  the  many  hundreds 
of  thousands  who  occupy  its  banks  above  London,  it  is  still  a  great  common  sewer; 
and  the  unhappy  Londoners  must  still  drink  of  the  water  subjected  to  the  con- 
tamination derived  from  the  up-stream  population.  In  this  respect  the  Thames  is 
only  a  type  of  the  pollution  to  which  almost  every  considerable  river  in  the  kingdom 
is  either  already  subjected,  or  in  the  course  of  being  subjected,  on  whoso  banks 
there  is  a  large  population. 

If  it  be  asked  how  it  is  that  this  great  evil  has  only  sprung  up  in  recent  years, 
I  answer  that  it  is  the  result  of  the  increasing  wealth  and  luxury  of  the  nation. 
Water-closets  were  scarcely  known  till  after  the  beginning  of  the  present  century; 
but  so  rapid  has  been  their  increase  within  the  last  ten  or  twenty  years,  that  they 
are  now  to  be  found  in  almost  every  village,  and  in  almost  every  considerable  farm- 
house, all  over  the  kingdom.  A  great  luxury  they  are,  no  doubt ;  but  the  extent 
to  which  they  are  already  in  use,  and  the  rapidity  with  which  they  are  increasing, 
have  brought  with  them  a  scries  of  evils  of  a  nature  not  originally  anticipated, 
sufficient  to  create  alarm  in  the  mind  of  every  one  who  will  take  the  trouble  to 
inquire  into  the  subject.  I  propose  to  ask,  therefore,  what  is  the  price,  or  rather, 
what  are  the  penalties,  we  pay  for  this  luxury  ?  The  question,  however,  is  greatly 
more  complicated  than  may  at  first  sight  appear.  The  intolerable  stench  arising 
from  some  of  the  rivers  which  have  been  subjected  to  this  degradation,  and  the 
disease  which  it  carries  on  its  wings,  are  undoubtedly,  and  apart  altogether  from 
merely  pecuniary  considerations,  great  evils.  But  there  are  other  evils  connected 
with,  or  rather  inseparable  from,  this  wasteful  and  pernicious  mode  of  removing 
house  sewage,  which  rival  in  their  evil  consequences  all  others  not  conuected  with 
their  effect  on  the  public  health,  in  subjecting  to  destruction,  or  converting  into 
poison,  the  prime  elements  on  which  the  fertility  of  our  land  must  depend.  No 
doubt  this  excrementitjous  matter  must  be  got  rid  of  somehow  ;  and  better  infinitely 
that  it  should  be  thrown  into  the  sea  than  that  it  should  seethe  and  swelter  in  the 
beds  of  our  rivers,  disseminating  in  its  offensive  odours  a  series  of  diseases  which 
are  the  scourge  of  those  who  reside  on  their  banks. 

Looking  to  what  is  going  on  at  our  own  doors,  we  know  that  the  drainage  of  the 
Water  of  Leith  will  relieve  it  from  the  pollution  of  which  I  speak;  but  we  know 
also  that,  notwithstanding  our  proximity  to  the  sea,  at  what  an  immense  cost  we 
shall  succeed  in  ridding  ourselves  of  this  olfensive  but  highly  valuable  matter  in  the 
steps  we  have  taken  to  secure  its  destruction.  But  our  neighbours  in  Glasgow  are 
in  a  worse  predicament  in  this  respect  than  ourselves.  Their  abundant  supply  of 
the  purest  water  in  the  world  has,  along  with  the  many  benefits  it  otherwise 
confers,  had  the  effect  of  increasing  enormously  the  number  of  water-closets,  and 
to  a  corresponding  extent  the  pollution  of  their  river.  On  a  summer  day,  the 
stench  tor  six  or  seven  miles  below  Glasgow  is  intolerable — at  least  as  bad,  if  not 
worse,  than  was  the  Thames  in  its  worst  condition.  If  the  Clyde  is  to  be  relieved 
of  the  loithsome  impurities  to  which  it  is  at  present  subjected  by  a  system  of 
intercepting  sewers  like  those  of  London,  or  like  those  at  present  being  constructed 
mi  the  Water  of  Leith,  at  what  point  on  the  ocean,  and  how  many  miles  distant 
from  Glasgow,  is  the  sewage  to  be  discharged,  and  what  will  be  the  cost  of  a  work 
of  the  enormous  magnitude  necessary  for  that  purpose?  And  along  with  these 
questions  I  have  also  to  ask,  wh:it  is  the  money  value  of  the  material  to  be  thus 
cast  into  the  sea? 

The  evils  which  the  present  system  of  employing  water  as  the  agent  for  the 
removal  of  excreta  fruin  dwelling-houses  are,  the  pollution  of  our  rivers,  the  destruc- 
tion of  the  fish  within  them,  the  waste  of  the  water  so  employed,  the  discomfort 
and  disease  which  to  those  who  reside  on  the  banks  of  rivers  it  creates  and  engenders, 
and  the  destruction  of  those  elements  destined  by  Nature  for  the  fertilization  of  the 
land.  Is  there  no  remedy,  then,  for  the  (rightful  evils  which  -arise  from  this 
unhappy  system,  nor  any  relief  from  its  cost,  nor  any  means  of  saving  and  applying 
to  useful  purposes  the  material  on  which  so  much  ingenuity  and  money  are  lavished 
for  its  destruction  ?  Must  it  still  be  carried  into  our  rivers,  and  so  pollute  our 
streams  as  to  render  them  unfit  for  the  purposes  and  necessities  of  life,  and  all  this 
at  an  enormous  cost  in  health  and  money? 

I  hope  to  satisfy  you  that  there  is  a  remedy  for  all  this;  and  although  that 
remedy  may  be  postponed  for  a  time,  it  will  ere  long  so  force  itself  upon  public 
attention  as  to  become  irresistible.  But  the  evils  to  which  I  have  referred  are  only 
a  portion  of  the  public  loss  and  injury  due  to,  and  inseparable  from,  the  present 
system;  and  I  trust  to  secure  from  you  a  favourable  hearing  for  a  contrivance,  in 
itself  simple  and  not  costly,  and  at  least  not  more  offensive  in  its  use  than  the 
present  system  of  water-closets — by  the  use  of  which  contrivance,  not  only  to  save 
our  rivers  from  the  pollution  to  which  they  are  at  present  subjected,  but  to  apply 
the  excreta  to  the  valuable  purposes  to  which  by  nature  they  are  adapted  and 
intended ;  and  in  place  of  their  present  costly  waste,  to  turn  them  into  a  source  of 
national  profit,  and  of  an  important  revenue  to  town  populations. 

Every  one  knows  that  animal  excreta  are  the  natural  food  uf  the  soil;  and  if 
thrown  into  the  sea  or  otherwise  wasted,  the  land  so  deprived  of  them  is  robbed  of 
the  prime  element  of  its  fertility.  The  va'ue  of  guano,  therefore,  in  aid,  or  in 
substitution,  of  what  should  have  been  obtained  at  home  is  sufficiently  obvious. 
But  that  valuable  animal  manure  can  only  be  procured  at  a  distance  of  many 
thousand  miles  from  uur  scores;  and  both  from  that  ciicuuistance,  and  from  the 


limited  quantity  which  can  be  obtained,  the  price  is  necessarily  high.  It  is  not 
difficult,  therefore,  to  see  that,  even  if  the  supply  of  guano  were  not  already  in 
rapid  course  of  being  exhausted,  a  war  with  America,  or  any  of  the  great  maritime 
Powers  of  Europe,  would  either  altogether  put  an  end  to  the  traffic,  or  interpose 
such  an  amount  of  risk  as  to  raise  guano  to  a  price  higher  than  the  farmer  could 
afford  to  pay  for  it.  Even  now,  and  for  some  years  past,  from  the  scarcity  of 
animal  manure,  agriculturists  have  had  recourse  to  various  artificial  preparations, 
to  which  the  general  name  of  chemicals  has  been  applied.  But  the  fact  baa  been 
ascertained  that,  although  the  fertility  of  the  land  may  be  stimulated  for  a  time  by 
the  application  of  mere  chemicals,  its  fertility  cannot  be  permanently  maintained 
otherwise  than  by  bestowing  on  it  those  substances  which  have  been  provided  by 
Nature  for  its  food.  Nature,  indeed,  seems  to  forbid  us  to  waste  or  discard  these 
elements  of  fertility ;  and  we  cannot  substitute  artificial  stimulants  in  their  place 
without  incurring,  in  the  exhaustion  of  the  natural  capabilities  of  the  soil,  the 
penalties  which  Nature  inflicts  when  we  violate  or  neglect  her  provisions  or  laws; 
and  Nature  itself,  no  less  than  all  experience,  shows  that  the  proper  and  beneficial 
use  of  all  excreta  is  in  their  application  to  the  land  ;  and  when,  as  now,  we  violate 
those  laws,  we  must  encounter  their  penalties. 

When  the  fertilizing  substances  to  which  I  refer  are  applied  under  the  guidance 
of  intelligence  and  skill,  they  become  beef,  mutton,  milk,  butter,  wheat,  potatoes, 
and  all,  or  nearly  all,  the  products  of  the  land  on  which  we  rely  for  food.  Withhold 
these  substances,  and  substitute  chemical  stimulants  for  them ;  the  land  may  for  a 
time  be  scourged  into  unnatural  fertility,  but  the  result,  more  or  less  rapidly,  will 
be  sterility  and  exhaustion.  Is  there  no  claim  on  us,  then,  to  apply  so  valuable  an 
article  to  its  proper  uses?  And  is  it  not  profligacy  and  sin  to  destroy  or  to  waste 
it  ?  And  is  it  not  a  mighty  aggravation  to  that  offence  that  it  is  perpetrated  at  an 
enormous  cost  of  money  and  the  waste  of  a  large  portion  of  pure  water — that  the 
purity  of  our  rivers  is  destroyed  by  it ;  and  all  the  while  that  the  genius  and  skill 
of  our  engineers.,  and  no  less  the  pockets  of  our  citizens,  are  taxed  to  devise  means 
to  destroy  a  commodity  invaluable  for  the  purpose  of  producing  food,  and  of  main- 
taining the  land  in  a  state  of  fertility? 

We  know  how  costly  are  the  operations  now  going  forward  in  our  neighbourhood 
for  the  purpose  of  casting  this  valuable  article  into  the  sea;  and  assuming,  for  a 
moment,  that  the  only  possible  way  of  getting  rid  of  it  innocuously  is  to  consign  it 
to  the  ocean,  the  question  again  recurs  as  to  how  it  can  be  disposed  of  in  the  case 
of  inland  towns.  The  state  of  the  rivers  connected  with  most  of  the  large  towns 
in  England  is  a  reproach  to  the  nation.  They  are  not  only  disgustingly  offensive, 
but  productive  of  disease;  and  I  believe  neither  man  nor  beast  can  drink  of  their 
waters  without  certain  injury  to  health,  and  probable  danger  to  life  itself.  What, 
then,  is  the  remedy  for  these  evils  ?  Must  the  sewage  from  the  towns  on  the  banks 
of  these  rivers  be  conveyed  to  the  sea,  as  has  been  done  in  London,  and  is  now  being, 
done  in  Edinburgh,  and  the  land  thus  far  be  deprived  of  its  natural  food  ?  If  it  is 
to  be  so  disposed  of,  an  estimate  of  the  cost  of  conducting  the  sewage  of  such  towns 
as  Birmingham,  Sheffield,  Leeds,  Manchester,  Oxford,  or  Cambridge,  or  any  of  the 
large  inland  towns  of  England,  or  Glasgow  in  our  own  country,  along  with  an 
estimate  of  the  value  of  the  material  for  the  destruction  of  which  that  outlay 
would  be  incurred,  would  at  this  time  be  a  contribution  to  popular  knowledge  not 
less  interesting  than  astounding.  I  may  ask,  indeed,  whether,  in  these  towns,  it  is 
possible  that  money  could  be  raised  for  carrying  their  sewage  to  the  sea?  To  any 
one  who  will  consider  the  question,  and  apply  it  to  any  one  of  these,  or  to  any  other 
large  inland  town  in  the  kingdom,  the  project  will  seem  too  wild  to  be  entertained. 
Taking  Oxford  as  a  type  of  what  would  be  required,  how  would  it  be  possible  to 
raise  the  millions  of  money  that  would  be  necessary  to  intercept  the  sewage  of  that 
city  and  carry  it  to  the  ocean,  either  separately  or  in  conjunction  with  the  drainage 
of  other  large  towns  on  its  route  ?  The  mere  suggestion  of  such  a  project  is 
sufficient  to  prevent  it  from  being  listened  to.  No  doubt,  as  respects  some  of  these 
towns,  it  may  be  possible  to  dispose  of  at  least  a  portion  of  the  sewage  for  the 
purpose  of  irrigation.  But  even  in  those  exceptional  instances  where  it  could  be 
beneficially  so  applied,  it  could  not  be  done  without  great  expense;  and  I  know 
of  no  instance  where  it  has  been  successfully  applied  for  the  purpose  of  irrigation 
on  a  scale  sufficiently  large  to  encourage  a  trial  of  that  mode  of  disposing  of  the 
sewage  of  any  considerable  town.  We  know  that  the  sewage  of  Edinbnrgh,  applied 
to  the  irrigation  of  the  Craigentinny  meadows,  has  been  a  source  of  immense  profit 
to  the  proprietor  of  the  land.  But,  with  an  unimportant  exception,  it  is  there 
applied  by  a  mere  diversion  from  the  natural  channel  in  which  it  flows  to  the  sea  by 
gravitation  alone,  and  at  very  little  cost;  yet,  notwithstanding  the  deservedly  high 
character  of  the  cultivation  of  the  land  around  Edinburgh,  no  one  has  proposed  a 
scheme  for  disposing  of  the  sewage  of  our  city  by  pumping  it  up  to  lands  on  which 
it  might  be  in  request,  and  to  which  its  application  might  be  beneficial.  The  cost 
of  such  a  process,  as  compared  with  the  income  that  might  be  derived  from  it, 
would  be  so  enormous  that  the  end  could  only  be  disappointment  and  loss ;  and  he 
would  be  a  bold  man  who  would  venture  money  on  such  a  project. 

Other  schemes  have  been  devised  for  utilizing  town  sewage  by  deodorizing  it, 
and  by  concentrating  the  fertilizing  substances  it  contains,  but,  in  so  far  as  I  know, 
with  no  success,  or  at  all  events  with  no  such  success  as  to  hold  out  a  prospect  that 
it  would  afford  an  economical  moans  of  relieving  our  rivers  from  their  present 
pollution. 

If,  then,  it  cannot  be  disposed  of  otherwise  than  by  incurring  the  enormous  cost 
of  throwing  it  into  the  sea — as  is  to  be  partially  done  in  the  case  of  Edinburgh  and 
Leith,  and,  I  may  add,  in  London,  nor  applied  to  the  purposes  of  irrigation,  nor  by 
concentrating  its  properties  as  fertilizers,  nor  by  deodoriaation,  so  as  by  either  of 
these  modes  to  relieve  our  rivers  from  their  pollution — the  results,  which  are 
already  sufficiently  offensive  and  afflicting,  must  in  the  course  of  a  few  years  become 
thoroughly  alarming.  The  idea  of  conveying  it  from  inland  towns  to  the  sea, 
setting  aside  the  question  of  loss  from  the  destruction  of  this  the  most  valuable  of 
all  manures,  and  looking  only  to  the  enormous  cost  of  the  process,  may,  as  a  system 
of  general  relief,  be  at  once  discarded ;  and  the  hope  of  success  from  irrigation, 
concentration,  or  deodorization,  seems  scarcely,  if  at  all,  more  promising.  Unless, 
therefore,  some  other  mode  can  be  devised,  we  must  be  content  to  submit  to  the 
train  of  evils  inseparable  from  the  present  system.  Our  rivers  must  undergo  the 
increased  and  accelerating  pollution  from  the  towns  situated  on  their  banks,  or 
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draining  into  them;  and  in  other  towns  where  there  is  no  stream  of  sufficient 
volume  to  float  the  house  sewage  away,  the  inhabitants  must  learn  to  endure  their 
unhappy  condition  and  the  pestilence  which  it  so  sureiy  brings,  till  residence  on  the 
banks  of  rivers  thus  treated  becomes  no  longer  tolerable.  The  water  given  to  us 
fur  drink,  and  for  the  preparation  of  our  food,  and  for  the  purposes  of  cleanliness, 
must  be  wasted  in  a  purpose  which  it  does  not  accomplish,  and,  in  those  cases 
where  supplies  for  household  purposes  are  derived  from  large  rivers,  must  be  utterly 
destroyed  for  the  use  of  the  inhabitants  lower  down,  by  the  pollution  derived  from 
the  sewage  of  towns  higher  np.  This  being  so,  our  whole  system  of  draining  is  an 
error,  the  object  of  which  being  simply  to  carry  the  house  refuse  from  our  own 
dwelling-houses  into  the  nearest  stream,  without  the  least  regard  to  its  effects  on 
the  population  who,  at  a  lower  point  on  the  stream  or  river,  must  drink  the  water 
so  polluted. 

Such,  indeed,  in  plain  words,  ai*e  the  inevitable  results  of  the  present  system. 
But  when  the  evil  has  come  to  its  worst,  it  will  mend.  So,  at  least,  we  arc  taught 
of  other  things,  and  I  am  not  apprehensive  that  the  present  subject  will  form  an 
exception  to  a  maxim  the  soundness  of  which  we  see  so  constantly  realized. 
Confident  as  I  am  that  sooner  or  later  such  will  be  the  result,  and  not  doubting 
that  I  may  yet  live  to  see  it,  it  is  still  with  fear  and  trembling  that  I  venture  to 
suggest  a  remedy  for  evils  not  only  of  both  a  local  and  national  character,  hut  of 
enormous  and  dailv  increasing  magnitude.  It  will  be  the  very  reverse  of  a 
disappointment  to  me,  however,  to  rind  that  my  own  project  as  to  the  details  of 
the  remedy  is  superseded  by  means  better  adapted  to  the  purpose  than  what  I  have 
here  to  propose;  and  I  have  too  much  confidence  in  the  mechanical  skill  of  my 
countrymen  to  doubt,  that  if  the  principle  for  which  I  contend  is  sound,  as  I  think 
it  is,  my  plan  for  abolishing  water-closets  will,  within  no  longtime,  have  the  benefit 
of  important  improvements.  I  am  not  sanguine  enough  to  expect  that  it  will  not 
be  met  with  a  vast  amount  of  opposition,  and  I  am  even  prepared  for  an  objection 
being  taken  to  it  on  the  ground  of  my  official  position  as  the  manager  of  a  water 
company.  When  the  time  arrives  when  the  rivers  from  which  supplies  are  at 
present  drawn  for  domestic  purposes  have  attained  to  such  a  state  of  pollution  as 
to  be  no  longer  endurable,  it  is  probable  the  Government  will  be  forced  to  interfere 
when  they  see  the  difficulty,  or  rather  the  impossibility,  of  obtaining,  in  the  case  of 
many  towns,  supplies  of  water  which  may  be  used  consistently  with  a  due  regard 
to  health ;  and  if  this  state  of  matters  should  happen  concurrently  with  the 
impoverishment  of  the  soil  from  the  scourging  of  the  land  by  the  application  of 
chemicals,  or  the  failures  to  obtain  supplies  of  guano,  the  Legislature  will  be  forced 
to  adopt  measures  for  the  removal  of  the  difficulties.  That  a  part  of  these  measures 
will  consist  in  the  discontinuance  of  the  use  of  water  as  the  vehicle  for  the  removal 
of  excreta  from  dwelling-houses  I  cannot  entertain  a  doubt ;  and  in  applying  these 
substances  to  the  land  they  would,  by  increasing  and  sustaining  its  fertility, 
contribute  to  an  important  extent  in  the  production  of  food.  On  the  other  hand, 
by  preserving  our  rivers  from  this  source  of  pollution,  we  would  at  the  same  time  be 
freed  from  the  expense  of  such  costly  works  as  are  being  carried  out  here  and  in 
London  for  conveying  house  sewage  to  and  consigning  it  for  its  destruction  to  the  sea. 
I  have  said  nothing  in  all  this  of  the  pollutions  derived  from  other  sources — such 
as  paper-works,  glue-works,  dye-works,  and  other  works  of  a  similar  character. 
They  are  not  within  the  scope  of  this  paper,  and  fall  to  be  dealt  with  in  another 
manner  than  those  of  which  I  speak.  I  am  aware  that  rivers  which  may  be  relieved 
from  the  pollution  derived  from  house  sewage,  may  still  be  no  less  than  ever  unfit 
for  furnishing  water  for  the  purposes  of  life,  and  I  am  no  less  aware  of  the  rapid 
and  growing  increase  of  pollution  from  such  works  as  those  I  have  mentioned,  in 
recent  years.  Our  own  Water  of  Leith  not  many  years  ago  was  a  bright  and 
pleasant  stream.  The  North  and  South  Esk  were  not  less  so  ;  but  if  any  one 
wishes  to  see  a  river  in  its  most  intense  state  of  pollution,  I  would  suggest  a  visit 
to  the  River  Cart,  where  it  emerges  from  Paisley.  In  its  condition  of  combined 
impurity  from  house  sewage  and  public  works  together,  it  is  perhaps  excelled  by 
the  Irwell  at  Manchester,  but  either  stream  may  be  cited  as  an  example  of  how 
thoroughly  perfect  is  there  the  destruction  of  the  water  for  the  uses  of  life.  I  quote 
these  rivers  merely  as  examples  with  which  most  of  the  members  of  the  Society 
may  be  familiar,  but  dozens  of  others  might  be  named  where  the  results  which 
have  been  attained  in  the  Cart  and  Irwell  have,  in  the  race  of  pollution,  been  suc- 
cessfully rivalled.  To  relieve  rivers  from  pollutions  from  public  works  such  as  I 
have  named,  however,  requires  a  mode  of  treatment  altogether  different  from  that 
by  which  I  propose  they  should  be  relieved  from  house  sewage.  In  dealing  with 
the  latter  material,  I  have  kept  steadily  in  view  that  while  it  must,  as  a  matter  of 
unavoidable  necessity,  be  got  rid  of,  it  is  possible  to  turn  it  to  valuable  account ; 
and  certainly  that  it  is  not  necessary  to  incur  the  expense  of  costly  works  merely  to 
throw  it  into  the  sea. 

That  some  decided  steps  will  be  taken  by  the  present  Parliament  at  least  to  pro- 
tect those  rivers  which  are  yt-t  in  a  wholesome  condition,  and  to  prevent  their  con- 
tamination by  making  them  the  receptacles  for  the  refuse  from  such  works  as  those  I 
have  mentioned,  there  is  strong  reason  to  hope.  The  subject  has  been  more  than 
once  broached  in  Parliament,  and  bills  have  been  prepared,  although  not  carried  out, 
with  the  view  to  a  cure  for  this  great  and  increasing  evil.  Without  some  such  legis- 
lative measure,  however,  the  mischief,  which  has  been  in  rapid  progress  for  several 
vears  past,  will  increase  and  spread  till  within  a  short  time  no  pure  river  within  a 
convenient  distance  from  a  railway  will  be  free  from  contamination.  We  may 
imagine  what  the  consequences  would  be  if  a  few  such  works  as  paper-works  and 
ive-works  were  to  be  established  on  our  own  beautiful  Tweed,  or  on  some  of  its 
larger  tributaries  between  the  Crook  and  Peebles.  It  would  be  a  monstrous  out- 
rage, no  doubt,  but  an  outrage  of  precisely  the  same  character  as  those  which  have 
quietly  sprung  up  on  other  rivers  both  in  our  own  country  and  in  England. 

I  have  referred  to  London,  and  to  the  pollution  the  water  delivered  to  the  Lon- 
doners acquires  from  the  drainage  of  the  many  towns  on  the  banks  of  the  Thames, 
and  on  the  streams  in  the  Thames  valley,  being  discharged  and  mixed  with  the 
water  of  the  river  before  it  reaches  Kingston,  where,  so  mixed,  it  is  served  out  for 
the  use  of  the  inhabitants  of  the  greatest  and  wealthiest  city  in  the  world  ;  and  I 
r<:fer  to  it  again  here,  for  the  purpose  of  showing  that  no  river  in  the  kingdom  is  at 
this  moment  safe  from  similar  pollution  wherever  there  is  an  upstream  population  ; 
snd  that  no  corporation  or  company  charged  with  furnishing  water  to  large  towns 


can  be  secure  against  its  being  so  polluted,  unless  the  water  is  taken  from  a  source 
where  there  can  be  no  population  above  the  point  whence  it  is  drawn.  If,  fur 
example,  a  large  population  were  to  be  attracted  to  Glengyle,  not  very  probable 
certainly,  how  could  the  population  of  Glasgow  save  the  water  of  Loch  Katrine  from 
pollution?  Or,  taking  a  case  still  more  extreme,  suppose  a  bleach-work,  or  dye- 
work,  or  paper-mill,  or  all  these  together,  were  quietly  and  in  a  small  way  at  first 
to  place  themselves  on  some  of  the  numerous  fine  springs  which  rise  in  that  glen, 
what  in  a  short  time  would  be  the  condition  of  the  presently  pure  water  of  the  lake, 
so  infinitely  valuable  to  the  inhabitants  of  Glasgow,  and  of  which  they  are  so  justly 
proud  ?  I  do  not  say  that  this  is  likely  to  occur,  or  indeed  that  it  would  be  legally 
possible;  I  mention  it  merely  as  an  illustration  of  what  would  be  the  result  under 
similar  circumstances  in  other  localities  which  may  not  enjoy  a  similar  protection ; 
and  I  ask  whether  it  is  not  high  time,  in  order  to  prevent  the  further  extension  of 
the  mischief,  that  the  subject  should  claim  the  early  attention  of  the  Legislature, 
I  do  not  profess  to  suggest  a  remedy  for  this  class  of  evils.  It  is  a  matter  in  which 
many  branches  of  our  national  industry  are  deeply  concerned;  and  when  the  num- 
erous questions  involved  in  it  shall  be  taken  up  by  the  Legislature,  we  may  rely  on 
this,  that  nothing  shall  be  done  rashly,  and  we  may  have  full  confidence  in  the 
wisdom  and  justice  of  Parliament  in  dealing  with  them. 

The  matter  which  it  is  the  object  of  this  paper  to  bring  under  your  notice  stands 
on  an  entirely  different  footing.  If  carried  out,  no  person  or  class  could  suffer 
injury  by  it.  It  would  purify  our  rivers,  to  the  comfort  and  advantage  of  every  one. 
It  would  save  our  pockets  from  the  expense  of  such  works  as  those  on  the  Water 
of  Leith  and  in  London;  a  large  income  would  be  derived  by  town  populations  from 
the  sale  of  that  very  article  which  at  so  much  cost  and  ingenuity  we  destroy  ;  and 
its  application  to  the  land  would  contribute  enormously  to  the  production  of  food  in 
our  own  country.  The  means  which  I  take  leave  to  suggest  by  which  these  objects 
may  be  accomplished,  consist  in  the  collection  of  the  excreta  into  vessels,  and 
conveying  it  unmixed  to  the  farmer's  manure -stance,  to  be  applied  by  him  to  the  land. 

The  model  *  which  I  now  venture  to  submit  to  you  is  constructed  with  a  view 
of  collecting  the  substances  to  which  I  refer,  free  from  mixture  of  any  kind,  with 
as  little  offence  to  our  senses  as  possible.  It  must  be  kept  in  view,  however,  that 
neither  a  water-closet  nor  any  other  apparatus  constructed  for  a  similar  purpose, 
admits  of  being  used  without  some  degree  of  offence  ;  and  I  entertain  a  belief  that 
if  this  model  were  adopted  it  would  not  at  all  events  be  more  offensive  in  use  than 
an  ordinary  water-closet.  On  the  other  hand,  it  would  prevent  all  those  evils  which 
arise  from  the  reflux  of  foul  air  into  dwelling-houses  from  street  and  house 
drains,  and  would  save  the  incessant  and  unsatisfactory  expense  unavoidably  arising 
from  the  water-closet  system.  In  submitting  the  model,  I  do  so  under  a  strong 
conviction  that  if  the  principle  of  collecting  and  applying  the  excreta  in  the  manner 
I  have  proposed  be  conceded,  the  model  itself  would  most  probably  have  the  advan- 
tage of  future  improvements.  I  am  aware  that  in  France  a  closet  is  in  common 
use  having  for  its  object  the  removal  and  appliance  of  the  excreta  in  a  manner 
somewhat  similar  to  what  I  propose.  The  objection  to  the  French  closet,  however, 
is  that  the  excreta  are  unavoidably  mixed  with  a  certain  quantity  of  water,  which  I 
think  is  a  serious  disadvantage. 

The  model  now  before  you  admits  of  being  easily  moved  from  one  position  to 
another,  and  in  the  case  of  dwelling-houses  of  low  rents,  cculi  be  placed  in  situa- 
tions where  a  water-closet  could  not  be  fitted  up.  In  houses  where  there  are  several 
families  in  one  flat,  it  could.be  placed  hi  the  common  passage,  and  by  being  merely 
screened  off,  be  ready  for  the  common  use  of  the  whole  inhabitants  of  the  flat.  In 
the  larger  proportion  of  houses  of  that  class,  even  if  it  were  possible,  as  it  frequently 
is  not,  to  find  a  suitable  situation  for  a  water-closet,  it  is  well  known  that,  irrespec- 
tive of  the  question  of  the  great  expense  of  constructing  water-closets,  they  are  in 
such  houses  frequently,  or  rather  generally,  so  much  abused  that  they  increase  the 
nuisance  they  are  intended  to  remove. 

It  appears  to  me,  therefore,  that  by  placing  closets  constructed  on  the  principle 
of  the  model  in  the  passages  or  other  suitable  places  in  the  large  and  crowded  tene- 
ments in  the  closes  and  wynds  of  Edinburgh,  several  important  points  would  be 
gained.  The  accommodation  so  much  required  would  be  provided  ;  the  pavements 
and  passages  would  be  freed  from  the  disgusting  state  of  pollution  they  always  mora 
or  less  present  from  the  practice,  to  some  considerable  extent  unavoidable  in  pre- 
sent circumstances,  of  using  them  at  all  hours  as  places  on  which  the  nightsoil  is 
cast  and  spread.  It  is  nearly  in  vain  that  the  scavenger  there  plies  his  broom  ; 
indeed,  his  efforts  frequently  make  matters  worse.  The  result  is  that  over  and 
above  the  disgusting  spectacle  presented  to  our  eyes,  the  surrounding  atmosphere 
is  vitiated  to  such  an  extent  as  to  tell  seriously  on  the  death-rate  in  these  localities. 
It  is  there  that  fever  makes  its  sure  abode ;  and  no  one  accustomed  to  the  luxury  of 
pure  air  can  endure  even  for  a  short  time  the  surrounding  abominations,  without  a 
feeling  of  loathing  and  disgust,  and  a  sense  of  the  degradation  which  such  sur- 
roundings create  or  imply.  The  effect  of  a  residence  under  such  circumstances  on 
the  morality  of  those  who  are  subjected  to  it  is  well  known.  The  introduction  of 
closets  on  the  principle  of  the  model  would  not  only  prevent  many  of  these  evils, 
but  by  saving  the  wasted  labours  of  the  scavenger,  would  enable  him  to  transfer  a 
portion  of  his  services  to  localities  where  they  would  be  more  effective,  and  better 
appreciated.  He  could  remove  and  change  the  vessels  of  the  closets  as  often  as 
circumstances  might  render  necessary  ;  and  I  may  add  that  I  am  so  deeply  impressed 
with  the  advantage  of  what  I  here  propose,  that  on  the  score  of  economy  alone,  I 
do  not  hesitate  to  suggest  that  the  Town  Council,  as  the  body  charged  with  the 
sanitary  condition  of  the  city,  should  provide  the  closets  at  the  public  expense  to 
many  of  these  miserably  overcrowded  tenements.  Besides  the  saving  in  scavenging, 
the  sale  of  the  material  collected  would  afford  an  ample  return  on  the  outlay. 
Similar  conveniences — easily  removable  and  of  an  inexpensive  description — should 
also,  at  the  public  expense,  be  introduced  into  yards  and  workshops  wherever  there 
are  any  considerable  number — say,  thirty  persons — employed.  If  this  were  done, 
it  would  soon  be  found  to  be  an  advantageous  investment;  and,  as  such,  I  would 
recommend  it  to  the  consideration  of  our  civic  representatives. 
(To  be  continued.') 

*  Woodcuts  of  the  closet  will  be  given  in  next  Part.  Owing  to  unavoidable  delay  in  our 
receiving  the  drawings  from  Mr.  Ramsay,  the  cuts  could  not  be  prepared  in  readiness  for 
the  present  issue. 


344 


THE  PRACTICAL  MECHANIC'S  JOURNAL. 


February  1,  1868. 


THE   INSTITUTION   OF   ENGINEERS   IN   SCOTLAND. 

ON   THE   TENACITY  OF  SOME   FIBROUS   SUBSTANCES.     Br  Pbofessob  W. 

J.  Macquobn  Kaxkine,  C.E.,  LL.D.,  &c. 

In  order  to  compare  the  tenacity  of  a  substance  with  its  heaviness,  the  load 
required  to  tear  a  given  bar,  strip,  or  cord  asunder  is  to  be  multiplied  by  the  length 
of  so  much  of  the  same  bar,  strip,  or  cord  as  weighs  an  unit  of  load :  the  product 
being  the  tenacity  of  the  material  expressed  in  units  of  its  own  length.  The 
following  examples  are  taken  from  ordinary  tables  of  the  heaviness  and  tenacity  of 
materials : — 


Material. 

Dimensions. 

Tearing 
Load,  lbs. 

Length  of 

lib.  weight 

in  feet. 

Tenacity 
in  ft.  of  the 
Material. 

1  in.  X  1  in. 

area  1  sq.  in. 
girth  1-27  in. 

1  in.  X  1  >n- 
area  1  sq.  in. 
1  in.  X  D7  1  m* 
1  in.  X  hy  1  in. 
girth  1  in. 
girth  10  in. 

130,000 

100,000 

4,480 

60,000 

50,000 

15,000 

12,000 

1,050 

67,200 

0-297 
0-3 
0-6 
0-3 
0-3 
30 
4-0 
260 
0-279 

38,610 
30,000 
26,880 
18,000 
15,000 
45,000 
48,000 
27,300 
18,750 

Hempen  rope  hawser -laid, 

It  would  be  easy  to  multiply  examples  such  as  the  preceding. 
If  the  same  method  be  applied  to  the  weights  and  tearing  loads  of  canvas,  as  given 
in  Mr.  Carmichael's  paper  on  that  subject,  the  following  are  the  results ; — 

Royal  Navy  Canvas. 
Mean  of  Nos.  Mean  of  Nos. 

I,  2,  3,  4,  5,  6.  7,  and  8. 

Tenacity  of  warp  in  lineal  feet  of  canvas 21,552     27,200 

Tenacity  of  weft  in  lineal  feet  of  canvas, 30,788     32,000 

Mean  tenacity  of  the  flaxen  yarn  in  lineal 
feet  of  itself,  being  the  sum  of  the 
tenacities  of  the  warp  and  weft, 52,340     59,200 

These  results  show  the  least  strength  that  is  allowed  to  pass  the  test. 

Since  reading  Mr.  Carmichael's  paper,  and  making  the  foregoing  calculations,  I 
have  made  some  experiments  on  the  tenacity  of  flaxen  thread  and  silken  thread,  of 
which  the  following  are  the  results: — 

The  flaxen  thread  was  unbleached,  and  measured  15,833  feet  to  the  pound  weight. 
Its  tenacity  was  not  uniform  in  different  parts;  and  as  in  the  practical  use  of  any 
material,  the  least  strength  alone  is  to  be  relied  on,  I  ascertained  carefully  the 
breaking  load  of  the  weakest  parts  of  the  thread,  which  was  6  lbs.  Hence  the 
tenacity  of  that  thread,  in  feet  of  itself,  was — 

15,833  X  6  =  95,000  feet. 

The  silken  thread  was  of  two  sizes,  measuring  respectively  9417  feet,  and  19,950 
feet,  to  the  pound.  The  tenacity  of  each  specimen  was  sensibly  quite  uniform  at 
different  points.  The  breaking  load  of  the  thicker  specimen  was  12  lbs.;  that  of 
the  thinner  specimen,  6  lbs.  Hence  their  respective  tenacities,  in  feet  of  themselves, 
are  as  follow: — Thicker  specimen,  9417  X  12  =  113,000  feet;  thinner  specimen, 
19,950  X<»  =  119,700  feet — the  latter  specimen  thus  proving  to  be  three  times 
stronger  for  its  weight  than  cast  steel. 

In  these  experiments  the  length  of  one  pound  of  the  thread  has  been  ascertained 
to  the  precision  of  about  1  per  cent.,  and  the  breaking  load  to  that  of  3  or  4  per  cent. 

It  is  probable  that  silk  is  the  most  tenacious  for  its  weight  of  all  known  sub- 
stances; and  when,  together  with  that  fact,  we  take  into  account  that  its  specific 
gravity  is  almost  exactly  that  of  water,  it  would  seem,  from  a  purely  mechanical 
point  of  view,  as  if  silk  were  the  most  suitable  of  all  substances  to  give  strength  to 
submarine  telegraph  cables.  But,  unfortunately,  when  we  consider  the  question 
from  a  financial  point  of  view,  it  turns  out  that  the  price  of  silk  is  so  high  as  to 
make  its  use  in  telegraph  cables  quite  impracticable. 

Knowing  that  silk  fibre  is  of  the  same  heaviness  with  water,  so  that  a  prism  a 
foot  long  and  an  inch  square  weighs  0*433  lb.,  it  is  easily  computed  that  the 
tenacities  of  the  two  specimens  in  lbs.  on  the  square  inch  are  as  follows : — Thicker, 
49,0u0,  very  nearly;  thinner,  51,900,  or  equal  to  the  strongest  boiler  plate. 

I  have  also  made  a  few  experiments  in  order  to  determine  the  extensibility  of 
silken  thread;  but  the  complexity  of  the  phenomena  which  take  place  when  that 
material  is  stretched,  have  hithero  prevented  my  obtaining  precise  results.  Even 
a  small  load  produces  a  stretching  which  gradually  increases  with  time,  and  which 
also  gradually  disappears  after  the  load  has  been  taken  off. 

A  load  of  5i  lbs.  put  upon  a  thread  of  the  thicker  kind,  whose  original  length 
was  52*78  inches,  produced  a  total  extension  of  3*56  inches,  of  which,  between  1*5 
and  1"6  inch  was  set,  continuing  when  the  load  was  taken  off,  but  gradually 
diminishing  afterwards ;  while  the  remaining  inch,  or  thereabouts,  was  elastic  strain. 
\bout  half  of  the  set,  viz.,  *75  or  *8,  had  disappeared  two  hours  after  the  load  was 
taken  off;  the  remainder  continued  to  exist  after  the  load  had  been  off  eight  hours. 
The  extension,  with  a  given  load,  was  on  an  average  about  0"10  inch  less  when 
the  load  was  increasing  than  when  it  was  diminishing,  showing  the  effect  of  what 
Professor  William  Thomson  has  called  "molecular  friction."  The  results  of  the 
experiments  correspond  on  the  whole  approximately  with  the  following  value : — 
Modulus  of  elasticity  of  silk  fibre,  3,000,000  feet  —  1,300,000  lbs.  on  the  square 
inch.  If  we  take  the  proof  load,  or  greatest  safe  load,  at  one-third  of  the  breaking 
load,  the  modulus  of  resilience  or  power  of  bearing  shocks,  which  is  a  third  pro- 
portional to  the  modulus  of  elasticity  and  the  proof  strength,  is  found  to  be  as 
follows,  for  the  thicker  specimen  of  silken  thread: — 473  feet  (that  is,  473  foot- 
hounds  for  a  prism  weighing  2  lbs.),  corresponding  to  205  foot-pounds  for  a  prism 
2  feet  X  1  iocn  X  1  inch. 


The  resilience  of  a  tie-bar  2  feet  long,  and  1  inch  square,  has  the  following  values 
for  some  other  substances: — 

Very  strong  tough  steel, CO  foot-pounds. 

Strong  hard  steel, 46  ** 

Soft  steel, 31  " 

Good  iron  wire, 36  " 

Good  bar  iron, 14  " 

Strong  plate  iron, 12  " 

Strong  tough  cast  iron, 4  " 

Occasions  may  arise  when  it  is  necessary  to  have  cordage  of  the  least  possible  weight 
for  a  given  strength,  or  for  a  given  resilience,  without  regard  to  expense;  and  then 
without  doubt  the  best  material  is  silk. 


Discussion,  December  20th,  18G5. 

Mr.  Jas.  R.  Napier  said  that  had  Professor  Rankine  been  present  he  would  have 
liked,  before  commencing  the  discussion,  to  have  got  a  definition  from  him  of  the 
term  fibre  or  fibrous.  A  fibre  of  flax  in  the  usual  sense  would  not  exceed  a  fooj,  or 
two  in  length,  while  the  thread  of  the  silk  worm,  according  to  the  author  of  "  Insect 
Architecture,"  in  the  "Library  of  Useful  Knowledge,"  is  from  600  to  1000  feet 
long,  consisting  of  only  two  strands.  It  was  interesting  to  have  the  experimental 
proof  of  the  great  tenacity  of  silk  given  by  Professor  Rankine,  but  he  doubted  the 
correctness  of  the  remark  "  that  it  was  probably  the  most  tenacious  of  all  known 
substances."  He  thought  from  the  uses  to  which  that  great  civil  engineer,  the  spider, 
applied  the  ropes  of  his  own  manufacture,  as  in  his  suspension  bridges,  that  these 
would  be  found  to  be  much  stronger  than  anything  which  the  silk  worm  could  or 
would  produce,  probably  for  warmth  or  protection.  As  the  same  authority  quoted 
above  states  that  the  spider's  thread  is  produced  from  about  5000  spinurals,  as  he 
calls  the  inconceivably  small  tubes  from  which  the  silk  or  gummy  matter  is  emitted, 
it  is  probable  that  the  thread  as  we  see  it  may  be  composed  of  some  4000  or  5000 
strands  or  fibres ;  it  may,  therefore,  be  assumed  to  be  a  fibrous  substance.  The 
suggestion  as  to  whether  the  spider  or  the  silk  worm  was  the  best  ropemaker  having 
been  made  to  Mr.  T.  Davison,  he  undertook  to  test  the  spider's  work,  and  by  the 
aid  of  his  beautiful  microscope  to  determine  the  diameter  of  its  thread  ;  and  as  Mr. 
Edmund  Hunt  and  the  speaker  were  present  assisting,  they  can  testify  to  the  care 
with  which  the  experiment  was  conducted.  The  results  will,  perhaps,  be  considered 
of  sufficient  interest  to  be  recorded.  Mr.  Napier  also  staled  that  he  had  tried  to 
test  the  strength  of  the  gut  used  for  capturing  salmon.  The  specimen  he  exhibited 
broke  at  the  fastening  with  a  weight  of  10  lbs.,  but  Mr.  J.  P.  Smith,  the  secretary, 
from  whom  he  obtained  it — and  whose  experience  in  fishing  matters  should  make 
him  a  good  judge — informed  him  that  it  must  have  been  an  inferior  specimen,  as 
good  gut  lifts  14  lbs.  without  breaking.  Its  weight  wa;  nearly  the  same  as  one  of 
Professor  Rankine's  silk  threads,  viz.,  9420  feet  to  the  pound.  He  thought  also 
that  as  Professor  Rankine  had  compared  silk  and  flax  fibres  with  iron  and  steel,  he 
allowed  the  inference  to  be  drawn  that  fibrous  substances  in  general  were  stronger 
than  others — this  at  least  was  the  impression  which  the  reading  of  the  paper  had 
made  on  the  speaker.  Therefore,  if  what  was  called  fibrous  iron  was  merely  the 
iron  crystals  elongated  and  laid  side  by  side,  overlapping  each  other  by  continued 
rolling  or  drawing  in  the  process  of  manufacture,  it  would  explain  how  the  smaller 
sizes  of  rolled  iron  were  generally  stronger  than  the  larger  sizes,  and  how  cold 
rolled  or  drawn  iron  and  steel  was  stronger  than  hot  rolled.  The  crystals  were  more 
elongated — there  were  fewer  butt  joints,  as  it  were,  in  a  given  cross  section. 

Mr.  Davison  regretted  that  as  this  probably  was  the  spiders'  dull  business  season, 
they  had  ceased  manufacturing,  and  he  could  not  obtain  so  much  of  their  wcrk  as 
would  weigh  even  one  grain,  so  as  to  enable  him  to  compare  its  tenacity  with  the 
substances  given  by  Professor  Rankine  in  the  simple  way  he  has  done.  He,  how- 
ever, obtained  a  short  piece  of  spider's  thread,  smooth  and  uniform,  and  attached 
to  it  a  small  paper  scale,  and  weighted  it  till  the  thread  broke  under  a  strain  of 
3*125  grains.  He  then  put  the  thread  under  the  microscope  and  found  it  was 
1-11,200  of  an  inch  in  diameter.  As  Mr.  Hunt  had  taken  notes  of  the  experiment, 
and  made  the  calculations,  he  would  be  better  able  to  explain  to  the  meeting  the 
result. 

Mr.  Hunt  said  that  the  thread  was  that  of  the  wheat  spider,  and  the  length 
tested  was  If  inch,  the  diameter  being,  as  Mr.  Davison  had  stated,  1-11,200  of 
an  inch — the  weight  of  thread  and  paper  scale  was  £th  of  a  grain  ;  weights  were 
added  at  the  rate  of  Jth  of  a  grain  at  a  time,  till  3  grains  were  added,  when  the 
thread  broke,  making  the  breaking  strain  3*125  grains,  which  was  equal  to 
71,870  lbs.  per  square  inch. 

Mr.  D.  Rowan  said  that  all  matter  was  composed  of  distinct  and  separate 
particles,  and  such  he  believed  was  the  case  with  the  spider's  web.  What  he 
understood  by  fibres  was  layers  laid  parallel  together;  for  instance,  he  did  not 
say  that  cast  iron  was  a  fibrous  substance.  He  thought  Mr.  Napier  was  under  a 
misconception  in  regard  to  what  was  fibrous  iron. 

Mr.  Faulds  considered  the  question  of  what  was  fibrous  iron  a  very  simple  one. 
All  iron  was  granular  in  its  native  state,  but  in  its  manufacture  it  could  be  made 
either  granular  or  fibrous  by  the  manufacturer  to  suit  the  purposes  to  which  it  was 
to  be  applied;  for  instance,  the  iron  required  for  a  railway  carriage  or  engine  tyre 
ought  to  be  of  a  hard  and  granular  nature,  and  of  a  class  that  would  not  laminate ; 
again,  iron  to  be  used  for  hooks,  couplings,  links,  &c,  should  be  of  a  soft  fibrous 
nature,  otherwise  it  would  not  bear  the  sudden  strain  to  which  it  was  subjected.  A 
properly  qualified  workman  was  able  at  all  times  to  produce  either  kind  as  wanted, 
provided  he  had  the  proper  ores  to  make  the  mixtures  for  the  class  of  iron  he 
required.  If  he  made  a  good  malleable  iron,  it  would,  on  being  broken,  look  like  a 
piece  of  ash.  That  was  what  was  called  a  fibrous  iron,  and  was  used  for  purposes 
where  great  tenacity  was  required.  If  one  took  up  a  piece  of  iron  by  chance  in 
Govan  Iron  Works,  it  might  happen  to  be  able  to  be  bent  like  a  rope,  or  it  might 
be  quite  brittle.  He  believed  that  whether  a  piece  of  iron  was  granular  or  fibrous 
depended  altogether  upon  the  nature  of  the  manipulation  through  which  it  had 
passed. 

The  President  remarked,  with  reference  to  what  was  said  by  Mr.  Rowan,  that  Mr. 
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Napser  had  raised  the  question  as  to  what  was  fibrous  iron,  because  there  was  some 
iudistinctness  about  the  word  fibre.  He  wanted  them  to  see  that  the  spider's 
thread  was  fibrous,  the  strands  being  laid  side  by  side,  but  he  (the  President) 
believed  that  if  they  were  able  to  discover  its  ultimate  constitution,  it  would  be 
found  granular. 

Mr.  Hunt  thought  that  the  only  definition  of  what  was  fibrous,  which  would 
apply  to  almost  all  the  uses  of  the  term,  was,  that  when  a  number  of  particles  of 
matter  happened  to  be  more  closely  united  longitudinally  than  otherwise,  the  lines 
tlms  formed  constituted  fibres. 

Mr.  Day  quite  agreed  with  the  remark  that  it  was  a  matter  of  degree.  He 
believed  there  could  be  no  doubt  that  in  whatever  form  matter  was  found,  it  was 
still  capable  of  further  division  by  a  sufficient  amount  of  force  applied  to  it,  and  in 
that  state,  and  under  those  conditions,  they  might  get  matter  in  different  lengths 
and  precisely  the  same  in  appearance.  Evidently,  then,  a  fibre  is  a  mere  aggrega- 
tion of  the  particles  of  matter  in  a  longitudinal  direction.  But  the  question  was — 
What  they  should  call  a  fibre,  and  what  they  should  not  call  a  fibre.  It  would 
appear  that  in  order  to  avoid  confusion  on  this  point,  matter  when  found  existing 
in  nature  in  continuous  lengths,  such  as  the  silk  of  the  silk-worm,  or  the  web  of  the 
spider,  should  be  denominated  as  a  filameht,  in  contradistinction  to  fibre,  which 
latter  term  should  be  applied  to  any  short  lengths  of  matter. 

Mr.  Jas.  R.  Napier  had  lately  seen  a  broken  link  of  a  chain  in  Messrs.  Barclay 
&  Curie's  which  was  more  like  cast  iron  than  what  it  was  represented  to  be. 

Mr.  A.  Gilchrist  said  that  he  could  substantiate  Mr.  Napier's  remarks  as  to  the 
appearance  of  the  chain  referred  to,  and  he  might  further  remark  that  it  bore  the 
Admiralty  test. 

Mr.  Davison  said  that  when  Mr.  Eirkaldy  was  making  his  experiments  on  iron, 
he  found  that  the  appearance  of  the  fractures  was  due  to  the  rapidity  with  which 
it  was  broken — that  the  same  piece  of  iron  broken  quickly  or  slowly  was  crystalline 
or  fibrous  accordingly. 

Mr.  Faulds  said  that  undoubtedly  iron  did  alter  its  appearance  greatly  in  the  way 
it  was  broken,  but  they  could  not  compare  flax  with  iron.  Flax  had  a  natural 
fibre.  Iron  was  all  granular  naturally ;  and  it  was  only  in  the  working  that  it 
could  be  made  fibrous. 


Note  by  Mr.  James  R.  Napier. — Received  4th  January,  1865. — Since  last 
meeting  Mr.  J.  P.  Smith  has  favoured  me  with  the  following  results  of  experi- 
ments on  the  strength  of  fishing-gut,  conducted  by  him  in  the  Natural  Philosophy 
Laboratory  at  the  College.  As  the  result  of  repeated  experiments,  he  gives  the 
breaking  strain  of  a  single  gut  at  16  lbs.  ;  the  weight  of  the  same  gut  per  lineal 
foot,  *9491  grains;  and  its  specific  gravity,  1*316  (water  taken  as  unity).  This 
gut  measured  7375'3  feet  to  the  pound  ;  its  tenacity  in  feet  of  itself  is  therefore 
118,004  feet. 

The  sectional  area  of  the  specimen  experimented  on  he  computed  to  be  "000237 
square  inches;  its  tenacity  per  square  inch  of  sectional  area  will  therefore  be 
67,328  lbs. 

Hence  it  appears  that  the  strength  of  this  gut  in  proportion  to  its  weight  exceeds 
considerably  the  thicker  specimen  of  silk  thread  experimented  on  by  Professor 
Rankine,  and  approaches  the  strength  of  the  thinner  specimen,  while  its  tenacity  in 
proportion  to  its  sectional  area  is  much  greater  than  either  of  the  specimens  of 
silk  thread  he  experimented  on — being  greater  than  that  of  boiler  plate,  or  the 
average  of  bar  iron. 

Mr.  Smith  informs  me  that  fishing  gut  (which  is  the  gut  of  the  silk  worm)  is 
most  variable  in  quality.  The  kind  he  experimented  on  is  obtained  from  Spain, 
and  is  sold  as  the  "best  quality  salmon  gut," — that  which  I  experimented  on  being 
obtained  from  Sicily.  My  single  experiment,  however,  was  a  rude  one,  and  not  to 
be  trusted. 


MANCHESTER   LITERARY   AND   PHILOSOPHICAL   SOCIETY. 

Ordinary  Meeting,  December  26,  1865. — Mr.  Binney,  F.R.S.,  F.G.S.,  exhibited 
some  singular  calcareous  nodules  found  in  the  lower  coal  seams  of  Lancashire  and 
Yorkshire,  full  of  beautiful  specimens  of  fossil  wood,  showing  structure  even  to  the 
smallest  striae  of  the  tubes.  These  nodules  were  found  in  several  seams  of  coal, 
but  were  always  associated,  so  far  as  yet  known,  with  beds  of  fossil  shells  lying 
immediately  above  them. 

In  one  instance  the  beds  occurred  in  the  following  descending  order,  namely: — 

Ft  In. 

1.  Black  shale  full  of  shells  of  the  genera  Aviculopecten,  Gonia- 

tifes,  Postdonia,  &c,  and  containing  calcareous  concretions 
inclosing  similar  shells, 1     6 

2.  Seam  of  caking  coal  with  the  nodules  containing  the  fossil 

plants, 2      0 

3.  Floor  of  fire  clay  and  gannister,  full  of  Sligmaria  Jicoides,...      2      6 

The  fossil  wood  is  found  In  nodules  dispersed  throughout  the  coal,  some  being 
spherical,  and  others  elongated  and  flattened  ovals,  varying  in  size  from  the  bulk  of 
a  common  pea  to  eight  and  ten  inches  in  diameter.  In  some  portions  of  the  seam 
of  coal  the  nodules  are  so  numerous  as  to  render  it  utterly  useless,  and  they  will 
occur  over  a  space  of  several  acres,  and  then  for  the  most  part  disappear  and  again 
occur  as  numerous  as  ever.  For  a  distance  of  twenty-five  to  thirty  miles  the 
nodules  occur  in  this  seam  of  coal  in  more  or  less  abundance,  but  always,  so  far  as 
yet  known,  containing  the  same  plants.  Fossil  shells  are  rarely  met  with  in  the 
nodules  found  in  the  coaJ,  but  they  occur  abundantly  in  the  large  calcareous  con- 
cretions found  in  the  roof  of  the  mine,  and  are  there  associated  with  Dadoxylon 
containing  Slembergia  piths,  which  plant  had  not  been  noticed  in  the  coal,  and 
Lejndostrobus.  So  far  as  his  experience  extended,  the  nodules  in  the  coal  were 
always  found  associated  with  the  occurrence  of  fossil  shells  in  the  roof,  and  were 
probably  owing  to  the  presence  of  mineral  matter  held  in  solution  in  water  and 
precipitated  upon  or  aggregated  around  certain  centres  in  the  mass  of  the  vegetable 
matter  now  forming  coal  before  the  bituminization  of  such  vegetables  took  place. 
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No  doubt  such  nodules  contain  a  fair  sample  of  the  plants  of  which  the  seams  of 
coal  in  which  they  are  found  were  formed,  and  their  calcification  was  most  probably 
in  a  great  measure  due  to  the  abundance  of  shells  afterwards  accumulated  in  the 
soft  mud  now  forming  the  shale  overlying  the  coal.  These  shells,  on  their  decom- 
position, would  yield  most  of  the  minerals  now  found  in  the  fossil  wood,  whilst  the 
surrounding  salt  water  and  vegetables  would  supply  the  remainder. 

The  specimen  of  S'tgillaria  vascularis  exhibited  was  of  an  irregular  oval  shape, 
one  foot  three  inches  in  circumference,  had  the  ribs  and  furrows  well  shown  on  the 
outside  of  the  decorticated  stem,  and  afforded  evidence  of  the  structure  of  the 
original  plant  from  the  centre  to  the  circumference.  In  the  middle  was  a  light- 
coloured  cylinder  of  about  an  inch  in  diameter,  which  appeared  to  be  composed  of 
carbonate  of  lime  and  carbonate  of  magnesia.  The  remainder  of  the  specimen  was 
of  a  much  darker  colour.  By  the  kindness  of  our  President  an  analysis  was  made 
in  his  laboratory,  by  Mr.  Browning,  of  a  fair  sample  of  the  bulk  of  the  dark  part 
of  the  specimen.     This  gave  : — 

Sulphates  of  potash  and  soda, 1'62 

Carbonate  of  lime, ' 45*61 

Carbonate  of  magnesia 26  91 

Bisulphide  of  iron, 11*65 

Oxides  of  iron, 13578 

Silica, 0-23 

Moisture, 0"402 

The  minutest  vessels  of  the  central  axis  and  the  internal  radiating  cylinder  of 
the  plant,  with  their  finely  striated  sides,  were  preserved  nearly  as  perfectly  as  in 
the  living  plant,  without  affording  evidence  of  disarrangement  from  pressure  or 
chemical  change. 

From  the  position  where  the  calcareous  nodules  occur,  namely,  in  the  middle  of 
the  seam  of  coal,  they  must  have  been  formed  when  the  coal  was  in  a  soft  and 
pulpy  state,  and  in  the  same  shape  and  condition  in  which  they  are  now  found, 
something  similar  to  such  nodules  in  a  peat  bog  of  the  present  day.  Instances 
have  been  known  of  hazel  nuts  placed  in  a  damp  calcareous  deposit  having  had  all 
their  kernels  removed  and  replaced  by  carbonate  of  lime,  while  the  woody  portion  of 
the  nutshell  remained  little  altered,  but  in  this  case  the  form  of  the  starchy  granules 
and  original  cellular  tissue  had  not  been  preserved. 

From  the  analysis  previously  given  it  is  evident  that  the  waters  in  which  the 
nodules  were  formed  contained  a  considerable  amount  of  sulphuric  acid,  probably  as 
much  as  would  act  on  the  cellular  tissue  and  woody  fibre  of  the  vegetables  so  as  to 
convert  them  into  colloids.  If  this  be  assumed  to  be  the  case,  then  we  might,  by 
the  laws  of  liquid  diffusion  by  Mr.  Thomas  Graham,  F.R.S.,  Master  of  the  Mint,  in 
his  valuable  paper  printed  in  the  ''Philosophical  Transactions"  for  1861,  suppose 
that  the  crystalloids  now  forming  the  light- coloured  cylinder  in  the  middle  of  the 
specimen  could  have  a  free  passage  from  the  circumference  to  the  centre,  and  replace 
molecule  by  molecule  the  particles  of  the  original  vegetable,  and  all  its  beautiful  and 
delicate  structure  just  as  we  now  see  it  preserved  in  the  stone.  However,  before 
dialysis  could  be  held  to  account  satisfactorily  for  the  phenomena  above  stated,  a 
good  many  experiments  on  recent  woods  would  have  to  be  made,  and  more  attention 
devoted  to  the  subject  than  he  (Mr.  Binney)  would  be  able  to  give. 

The  specimens  exhibited  were  a  portion  of  those  described  in  a  paper  in  the 
"  Philosophical  Transactions''  of  this  year. 


THE   LONDON   ASSOCIATION   OF   FOREMEN   ENGINEERS. 

On  Saturday,  the  6th  ult.,  the  thirteenth  annual  meeting  of  the  members  of  this 
society  took  place  at  their  rooms  in  Doctors1  Commons,  City,  Mr.  Joseph  Newton, 
president,  in  the  chair.  The  principal  business  on  this  occasion  consisted  in  the 
reception  of  the  auditor's  report,  the  election  of  new  members,  and  the  appointment 
of  officers  for  the  ensuing  year.  The  report  exhibited  a  very  prosperous  account, 
and  demonstrated  the  fact  that  numerically  and  financially  the  institution  was 
thriving.  The  number  of  members  at  present  on  the  books  was  stated  to  be  145, 
and  the  amount  of  money  invested  in  the  funds  to  meet  the  ordinary  expenses  of 
the  society  £426  10s. ;  while  £600  stock  had  been  purchased  for  the  purpose  of 
superannuation  allowances  to  aged  and  infirm  foremen.  Messrs.  Oubridge  and  Lax 
were  the  auditors,  and  those  gentlemen  having  vouched  for  the  accuracy  of  the 
detailed  statement  submitted  to  the  meeting,  the  report  was  duly  accepted  and 
formally  sanctioned  by  a  unanimous  vote  of  the  very  numerous  assemblage.  The 
president  then  delivered  his  annual  address.  After  glancing  at  the  progress  made 
by  the  society  during  the  year  1865,  and  which  he  showed  had  been  more  rapid 
than  during  any  similar  period  in  its  history,  Mr.  Newton  introduced  memoirs  of 
such  members  as  had  died  since  the  last  annual  meeting — Messrs.  Haley,  Hill,  and 
Stanley.  Of  the  first-named  gentleman  he  had  been  unable  to  obtain  many  par- 
ticulars, but  Mr.  Haley  was  known  to  them  all  as  an  intelligent  mechanic  and  an 
unassuming  man.  For  many  years  he  had  held  the  post  of  foreman  of  artificers 
under  the  Imperial  Gas  Company,  by  whom  he  was  esteemed  as  a  conscientious 
servant,  possessed  of  more  than  average  practical  skill  and  ingenuity.  He  enjoyed 
alike  the  confidence  of  his  employers  and  of  those  who  were  placed  nnder  his 
direction — a  point  which  was  worth  the  striving  for  by  all  foremen  engineers.  Mr. 
Haley  died  in  the  month  of  April  last  year. 

Mr.  Hill  had  occupied  a  more  prominent  place  in  the  society,  he  having  been  a 
very  efficient  member  of  the  managing  committee  up  to  the  time  of  his  death.  He 
had  filled  responsible  posts  in  some  of  the  principal  engineering  establishments  of 
London,  and  lastly  that  of  foreman  to  Messrs.  Merryweather  &  Sons,  of  Long  Acre. 
His  ability  as  an  engineer  was  undoubted,  and  his  decease,  whilst  yet  in  the  prime 
of  life,  was  cnused  by  an  accident.  On  the  12th  of  August  last  Mr.  Hill  went  at 
seven  o'clock  in  the  evening  to  visit  his  master,  who  was  then  confined  to  his  house 
by  illness.  He  remained  with  Mr.  Merryweather  till  10  p.m.,  and  when  in  the  act 
of  crossing  the  road  to  take  an  omnibus  was  knocked  down  by  a  rapidly  driven  cab, 
a  wheel  of  which  passed  over  his  body.  The  sufferer  in  an  unconscious  state  was 
carried  back  to  the  house  which  only  a  few  minutes  before  he  had  left  cheerful  and 
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well.  Every  attention,  surgical  and  otherwise,  was  paid  him,  but  unfortunately 
this  was  of  no  avail,  for  in  a  few  hours  he  expired  at  his  employer's  residence.  Mr. 
Hill  had  left  a  widow  and  four  young  children,  who  had  been  generously  treated 
by  Messrs,  Merryweather  and  others,  the  members  of  that  association  having  also 
contributed  as  far  as  possible  to  the  assistance,  pecuniarily,  of  the  bereaved  family. 
Would  that  more  could  have  been  done  in  the  same  direction,  for  it  was  much 
needed. 

Mr.  John  Stanley,  who  died  on  the  30th  August,  1865,  was  possessed  of  rare 
versatility.  He  was  employed  during  the  last  five  years  of  his  life  as  manager  for 
Mr.  David  Hart,  engineer,  of  Whitechapel  Road,  by  whom,  as  well  as  by  his  fellow 
members  of  that  society,  he  was  deservedly  respected, 

Mr.  Newton  then  reverted  to  the  question  of  his  own  resignation  of  the  presi- 
dential chair.  According  to  the  rules  of  the  association  the  whole  of  its  officers, 
except  the  secretary  and  three  junior  committee-men,  who  became  senior  by  rotation, 
now  retired  from  their  posts.  In  relinquishing  his  own,  to  which  he  had  been  elected 
on  seven  successive  occasions,  he  had  to  thank  them  all  for  many  courtesies  and 
much  forbearance,  and  in  stepping  back  into  the  ranks  again  he  begged  to  assure 
them  that  he  should  never  cease  to  labour  for  the  welfare  of  their  institution.  He 
had  served  a  good  old-fjshioned  apprenticeship,  and  was  legitimately  out  of  his 
time.  All  he  now  wished  was  that  his  indentures  should  be  given  up  to  him,  with 
as  favourable  a  diameter  as  he  might  have  deserved  at  their  hands,  and  that  he 
might  be  freed  from  the  trammels  of  office. 

It  was  not  just  to  the  society  that  one  individual  should  monopolize  a  position  in 
it  which  ought  to  be  an  object  of  laudable  ambition  to  all,  and  which  any  might 
see  at  least  a  prospect  of  attaining.  He  himself  was  most  desirous  that  a  younger 
and  more  energetic  member  should  take  his  place.  After  some  further  remarks 
Mr.  Newton  left  the  chair  and  retired.  His  absence,  however,  was  of  very  short 
duration,  for  in  spite  of  his  remonstrances,  he  was  unanimously  re-elected,  and 
ushered  back  to  his  old  post,  with  loud  and  general  demonstrations  of  approval. 
Subsequently  Mr.  Thomas  Sanson  was,  for  the  second  time,  chosen  as  vice-president ; 
Mr.  Meredith  Jones  was  appointed  treasurer,  and  Mr.  David  Walker,  who  made  an 
ineffectual  attempt  to  escape  from  the  secretaryship — the  duties  of  which  become 
daily  more  arduous — was  induced  to  retain,  for  at  least  a  short  time  longer,  the 
office  he  appears  so  well  to  fill. 

It  was  announced  that  the  anniversary  festival  would  take  place  on  the  17th 
proximo  at  the  Freemasons'  Tavern,  and  that  John  R.  Ravenhill,  Esq.,  C.E.,  had 
consented  to  preside  on  that  occasion.     The  meeting  then  separated. 


THE  INSTITUTION  OF  CIVIL  ENGINEERS. 

The  Annual  General  Meeting. — It  was  remarked,  in  the  Report  of  the 
Council,  that  the  position  which  the  Institution  had  now  attained  must  be  satis- 
factory to  all  its  members,  and  eminently  so  to  those  few  still  living,  who,  many 
years  ago,  when  young  men,  laboured  earnestly  to  secure  for  it  a  recognized  place 
among  the  scientific  societies  of  the  Metropolis.  They  seemed  to  have  anticipated 
that  a  time  would  arrive  when,  as  a  matter  of  course,  every  one  in  any  way  con- 
nected with  the  profession  would  belong  to  the  Institution ;  for  in  the  Charter  of 
Incorporation  granted  in  the  year  1828,  as  well  as  in  the  By-laws  and  Regulations 
based  upon  that  Charter,  the  designation  "Civil  Engineer"  was  made  to  embrace 
every  branch  of  engineering  except  that  devoted  to  the  military  art.  It  was  well 
that  this  should  be  constantly  borne  in  mind,  so  as  to  prevent  that  which  should 
ever  be  one  united  body  being  split  up  into  sections.  There  seemed  to  be  no 
reason  why,  at  this  time,  any  limitations  should  be  introduced,  or  any  restrictions 
be  imposed,  tacitly  or  otherwise,  which  might  operate  to  render  less  comprehensive 
and  complete  the  perfect  embodiment  of  the  profession  in  the  Institution ;  and 
in  that  view  efforts  should  be  directed  to  consolidate  all  branches  under  one  corpo- 
ration, and  thus  to  add  materially  to  the  power,  influence,  and  importance  of  the 
profession  at  large. 

There  had  been  twenty-four  Ordinary  General  Meetings  during  the  past  session, 
when  twelve  "Papers"  only,  out  of  those  submitted  to  the  Council,  had  been  read, 
owing  to  the  protracted  and  animated  discussions  to  which  they  gave  rise.  Of 
these  communications  one-half  had  reference  distinctly  to  foreign  enterprises  or 
discoveries,  including — a  description  of  GifTard's  Injector,  probably  one  of  the  most 
ingenious  and  scientific  pieces  of  mechanism  of  modern  times;  an  account  of  the 
Docks  and  Warehouses  at  Marseilles,  where  the  imports  and  exports  were  estimated 
to  amount  to  three  million  tons  per  annum ;  a  notice  of  the  Chey-Air  bridge,  on 
the  Madras  Railway,  and  particularly  as  to  the  methods  employed  for  raising 
the  water  out  of  the  foundations;  an  account  of  the  Drainage  of  Paris;  and 
two  essays  on  the  Decay  of  Materials  in  Tropical  Climates,  and  the  methods 
employed  for  arresting  and  preventing  it.  At  home,  the  works  for  the  Main 
Drainage  of  London  and  for  the  interception  of  the  sewage  from  the  river  Thames, 
were  fully  detailed  and  illustrated;  a  description  was  given  of  the  Great  Grimsby 
(Royal)  Docks,  with  a  minute  account  of  the  inclosed  land,  entrance  locks,  dock 
walls,  &c. ;  the  particulars  were  recorded  of  a  highly  interesting  experiment — the 
employment  of  locomotive  engines  for  passenger  traffic  on  the  Festiniog  Railway, 
a  mineral  line  with  a  gauge  of  2  feet  only;  the  maintenance  of  Railway  Rolling 
Stock  was  the  subject  of  a  useful  communication,  embodying  the  statistics,  for  a 
period  of  thirteen  years,  of  all  the  stock  belonging  to  the  North  Eastern  Railway 
Company ;  a  careful  and  elaborate  inquiry  on  Uniform  Stress  in  Girder  Work, 
suggested  by  a  previous  discussion  at  the  Institution,  and  by  which  it  was  sought 
to  be  maintained  that  uniform  stress  was  perfectly  consistent  with  the  utmost 
economy  of  materials;  and  a  description  of  the  River  Tees,  and  of  the  works  upon 
it  connected  with  the  navigation. 

It  was  stated  that  arrangements  had  been  made  by  which  Volume  xxii.  of  the 
Minutes  of  Proceedings  would  be  in  the  hands  of  the  members  in  February  next, 
Volumes  xxiii.  and  xxiv.  in  the  months  of  May  and  August  following,  and  Volume 
xxv.  for  the  present  session  before  the  meetings  were  again  resumed  in  November, 
1866. 

in  the  belief  that  many  Members  and  Associates  of  the  Institution  were  in  the 
habit   of    making   observations   and    experiments,    on    subjects   connected   with 


engineering  science,  which  were  seldom  published,  but  remained  as  notes  in  memo- 
randum books,  and  in  time  were  lost,  the  Council  urged  the  members  to  contribute 
results  of  this  kind,  for  the  purpose  of  forming  an  Appendix  to  the  Minutes. 

About  three  hundred  volumes  had  been  added  to  the  library  during  the  year; 
and  a  portrait  of  the  late  Sir  William  Cubitt,  past  President,  by  Mr.  Boxall,  R.A., 
had  been  received  from  his  son,  Mr.  Cubitt. 

The  tabular  statement  of  the  transfers,  elections,  deceases,  and  resignations, 
showed  that  the  number  of  elections  had  been  142,  of  deceases  21,  of  resignations 
o,  and  of  erasures  8,  leaving  an  effective  increase  of  108,  and  making  the  total 
number  of  members  of  all  classes  on  the  books  on  the  30th  of  November  last, 
1203.  This  was  an  increase  of  nearly  9  per  cent  on  the  present  number  in  the 
past  twelve  months. 

The  deceases  announced  during  the  year  had  been  : — Sir  John  William  Lubbock, 
Bart.,  Honorary  Member;  Colonel  Frederick  Blom,  Frederick  Braithwaite,  John 
Isaac  Hawkins,  Captain  Gustaf  Lagerheim,  John  Lewis,  James  Beaumont  Neilson, 
Jacob  Perkins,  Frederick  Walter  Simms,  and  General  Alexander  Wilson,  Members; 
George  Abernethy,  John  George  Appold,  Matthias  Wolverley  Attwood,  William 
Henry  Richards  Curl],  William  Juhnson,  Edwin  Marshall,  Benjamin  Oliveira, 
Sir  Joseph  Paxton,  John  Francis  Porter,  Andrew  John  Robertson,  and  Douglas 
Sutherland,  Associates.  By  the  will  of  the  late  Mr.  Appold,  whose  interest  in  the 
welfare  of  the  society  was  unflagging,  provision  was  made  for  a  sum  of  £1000 
being  conveyed  to  the  Institution  on  the  decease  of  Mrs.  Appold. 

An  examination  of  the  Statement  of  Receipts  and  Expenditure  showed  that, 
during  the  year  ending  the  30th  of  November  last,  the  receipts  from  subscriptions 
and  fees  alone  amounted  to  £3950,  as  against  disbursements  of  all  kinds  of  £3511 ; 
while  the  income  account  was  further  increased  by  the  dividends  upon  Trust  Funds 
amounting  to  £353,  and  upon  other  investments  (not  being  in  trust)  of  £400,  as 
well  as  by  miscellaneous  receipts  to  the  extent  of  £350.  Twelve  years  ago,  in  the 
Annual  Report  for  the  session  1853-54,  the  total  income  of  the  Institution  was 
estimated  to  amount  to  £1923,  and  the  expenses,  exclusive  of  the  Minutes,  to 
£1649.  In  the  interval  the  receipts  had  been  increased  from  subscriptions  and 
fees  more  than  twofold,  and  from  dividends  and  other  sources  more  than  seven 
times;  on  the  other  hand,  disbursements,  exclusive  also  of  the  Minutes,  had  in 
the  last  year  been  £2086  only,  against  the  estimated  sum  of  £1649  at  the  former 
period.  The  realized  property  of  the  Institution  now  comprised — I.  General 
Funds,  £12,510  3s.  Gd  ;  II.  Building  Funds,  £2502  5s.  od.;  and  III.  Trust  Funds, 
£9970  12s.  7A,  making  a  total  of  £24,983  Is.  Gd.  as  against  £22,541  5s.  Gd. 
at  the  date  of  the  last  Report. 

The  Benevulent  Fund,  established  in  connection  with  the  Institution  twelve 
months  ago,  had  since  been  fully  organized,  and  a  Committee  of  Management 
appointed,  who  would  in  due  course  have  to  report  to  the  subscribers  to  the  fund. 
It  might,  however,  be  stated,  that  the  donations  actually  received  had  amounted 
to  £22,782  17s.,  and  the  annual  subscriptions  for  1865  to  £712  16s.,  being  in 
the  former  case  a  little  in  excess  of  the  sum  promised,  and  in  the  other  an  increase 
of  30  per  cent. 

A  private  bill  to  be  submitted  to  Parliament  in  the  ensuing  session,  and  for 
which  plans  had  been  deposited  and  the  usual  notices  served,  appeared  calculated 
to  affect  very  seriously  the  interests  of  the  Institution.  This  was  in  reference  to 
that  part  of  a  project  entitled  "  Houses  of  Parliament-Approaches,"  which  con- 
templated the  compulsory  purchase  of  all  the  property  on  the  north  side  of  Great 
George  Street,  including  the  house  occupied  by  the  Institution.  The  Council  felt 
it  to  be  their  duty  to  direct  attention  to  this  subject,  believing  it  to  be  one  which 
demanded  serious  consideration. 


After  the  reading  of  the  Report,  Telford  Medals  and  Telford  Premiums  of 
Books  were  presented  to  Messrs.  J.  W.  Bazalgette,  C.  Reilly,  E.  H.  Clark,  and 
Capt.  H.  W.  Tyler,  R.E. ;  Telford  Premiums  of  Books  to  Messrs.  T.  Hawthorn, 
E.  Fletcher,  E.  Johnston,  G.  O.  Mann.  W.  J.  W.  Heath,  and  J.  Taylor;  and  the 
Manby  Premium  in  Books  to  Mr.  H.  B.  Hederstedt. 


The  thanks  of  the  Institution  were  unanimously  voted  to  the  President  for  his 
attention  to  the  duties  of  his  office;  to  the  Vice-presidents  and  the  other  Members 
and  Associates  of  Council  for  their  co-operation  with  the  President,  and  their 
constant  attendance  at  the  meetings;  to  Mr.  Charles  Manby,  Honorary  Secretary, 
and  to  Mr.  James  Forrest,  Secretary,  for  the  manner  in  which  they  had  performed 
the  duties  of  their  offices;  as  also  to  the  Auditors  of  the  Accounts,  and  the  Scruti- 
neers of  the  Ballot,  for  their  services. 


The  following  gentlemen  were  elected  to  fill  the  several  offices  on  the  Council 
for  the  ensuing  year: — John  Fowler,  President;  Joseph  Cubitt,  Charles  Hutton 
Gregory,  Thomas  Hawksley,  and  John  Scott  Russell,  Vice  Presidents;  James 
Abernethy,  William  Henry  Barlow,  John  Frederic  Bateman,  Nathaniel  Beardmore, 
James  Brunlees,  Thomas  Elliot  Harrison,  George  Willoughby  Hemans,  John 
Murray,  George  Robert  Stephenson,  and  Charles  Vignoles,  Members ;  and  Joseph 
Freeman  and  John  Kelk,  M.P.,  Associates. 


The  meeting  was  then  adjourned  until  Tuesday,  January  9th,  1866,  when  the 
Monthly  Ballot  for  Members  would  take  place,  and  the  discussion  would  be  resumed 
upon  Mr.  J.  Grant's  Paper  on  "The  Strength  of  Cements." 


MONTHLY      NOTES. 


Pneumatic  Railway. — A  Mr.  Needham,  of  New  York,  has  devised  a  system 
of  pneumatic  railway,  whereby  certain  defects  attendant  upon  the  system  of  Mr. 
Rammel  are  said  to  be  practically  obviated.  Mr.  Rammel  (we  quote  from  the 
American  Artizan),  to  move  a  carriage  from  one  end  to  the  other  of  the  tube,  must 
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put  in  motion  twice  the  volume  of  air  in  tlie  tube,  and  must,  therefore,  overcome  a 
donble  amount  of  inertia  and  friction.  His  stationary  engine  must  remain  idle  until 
a  car  is  ready  to  start.  He  must  have  a  telegraph  from  station  to  station  to  notify 
when  the  engine  is  to  be  set  to  work.  He  can  have  only  one  car  in  motion  in  the 
tube  at  one  time,  and  must  bring  the  whole  column  of  air  to  rest  to  stop  the  car, 
thus  losing  a  large  amount  of  accumulated  force.  To 
return  a  car  he  must  stop  and  reverse  his  air-wheel,  thus 
losing  another  large  amount  of  accumulated  force.  The 
invention  of  Mr.  Needham  obviates  the  above-mentioned 
defects.  Its  principal  feature  consists  in  the  employment 
of  an  endless  tube  through  which  there  is  a  continuous 
current  of  air.  It  will  be  explained  by  the  diagrams  on 
this  page.  Fig.  1  is  a  rotary  air-pump,  which  is  con- 
nected with  the  continuous  circuit  of  tube.  b  b  c  d 
and  r>  are  stations,  each   having  two  sliding  gates  for 

I  isolating  a  section  of  the  tube.     These  gates  are  shown 

•  both  open  at  B  B,  both  closed  at  c,  and  one  open  and  the 

other  closed  at  D  D.     When  both  gates  are  open  at  B  B, 
the  current  of  air  produced  by  the  pump,  A,  and  indicated 
by  the  arrows,  passes  straight  along  through  the  station, 
and  a  car  going  with  it  would  not  be  stopped.    When  both 
are  closed,  as  at  c,  the  current  passes  the  station  through 
the  bent  tube  shown  beside  it;  the  car,  however,  cannot 
pass  round  the  bent  tube,  but  must  stop  in  front  of  the 
gate.     When  one  gate  is  open  and  the  other  closed,  as 
indicated  at  D  D,  the  current  must  also  go  round,  but  the 
car  will  stop  within  the  station,  after  which  the  other 
gate  may  be  closed,  and  the  state  shown  at  c  will  be 
obtained.     Fig.  2  shows  both  the  gates  closed,  the  current 
going  round,  and  the  station  open  to  the  external  atmos- 
phere, by  the  hinged  gate,  so  that  cars  may  loud  and 
unload,  and  passengers  get  in  or  out,  without  interfering 
with  the  working  of  any  other  part  of  the  line.     The 
whole  power  exerted  by  the  air-pump  under  this  system  is 
available  in  generating  a  current  of  air  within  the  tube. 
There  is  no  air  drawn  in  from  the  outside  to  keep  up  the 
|  jr~^  «  current,  nor  is  any  air  in  motion  thrown  away  into  the 
iH3'     atmosphere;  but  the  air  taken  from  one  end  of  the  circuit 
of  tube  is  driven  into  the  other,  thus  giving  at  once  com- 
pression and  exhaustion  by  the  one  action  of  the  pump. 
Since  there  is  a  double  line  of  tube,  there  may  be  travel 
in  both  directions  at  once,  without  the  possibility  of  colli- 
sion.    When  a  car  approaches  a  station,  it  can  be  made 
either  to  notify  the  station-man  or  to  operate  automatic 
devices,  so  that  the  farther  gate  will  be  shut  and  the  car  stopped  in  the  gentlest 
manner  by  impinging  on  a  cushion  of  air,  after  which  the  other  gate  is  closed  and  the 
station  is  opened  to  the  outside.     Several  cars  may  move  along  the  track  in  the 
same  direction  at  the  same  time,  without  fear  of  interfering;  for  they  would  be, 
as  it  were,  attached  to  an  endless  band  of  air,  and  have  to 
maintain  their  relative  distances.     A  car  may,  by  proper  con- 
trivances, be  transferred  from  the  up  to  the  down  tube  at  any 
station,  and  the  current  of  air  may  consequently  be  maintained 
always  in  the  one  direction.     No  smoke  or  cinders  can  annoy 
passengers,  and   perfect  ventilation  may  be    obtained.     The 
tube  may  be  made  of  an  inexpensive  material — wood,  burned 
clay,  Roman  cement,  or  anything  of  which  a  tube  can  be  made. 
The  stationary  power  may  be  steam  or  water,  provided  only  the 
engines   or  water  wheels  be  at   suitable  distances  along  the 
track,  at  say  from  five  to  ten  miles  apart. 

Removal  of   the  Altona    Observatory. — Rumours 
have   recently  been   current   of  the  intended  removal  of  the 

y  Altona  Observatory,  and  these  are  now  confirmed  by  a  rescript 

of  the  Austrian  Governor  of  Holstein.  General  von  Gablenz 
has  ordered  the  transfer  of  the  observatory,  astronomical 
apparatus,  and  staff  to  Kiel,  and  a  commission  has  already 
been  appointed  to  superintend  the  arrangements.  Referring 
to  this  subject,  the  Kleler  Zeitung  says : — "  It  cannot  but 
be  that  in  Altona  the  removal  of  an  institution  will  be  painfully  felt,  which 
under  the  distinguished  guidance  of  Schuhmacher  formed  an  ornament  of  the 
town  for  i  series  of  years,  and  has  become  a  centre  for  the  astronomical  world. 
In  other  respects,  however,  the  transfer  now  determined  upon  must  be  regarded 
a3  an  arrangement  long  desired  and  in  a  technical  point  of  view  highly  desirable. 
It  has  been  repeatedly  admitted  by  the  country  that  Kiel  harbour  must  be  devoted 
to  the  service  cf  the  German  navy.  The  same  idea  is  expressed  in  the  Gastein 
Convention,  where  Kiel  is  designated  as  the  harbour  for  the  German  Federal 
fleet.  Whether  this  destiny  be  carried  out  now  or  at  a  later  period,  it  is  certainly 
desirable  tli3t  the  navy  should  find  an  institution  so  important  to  its  objects  as 
a  fixed  astronomical  station  already  prepared.  Added  to  this  is  the  fact,  that 
the  situation  of  the  observatory  in  Altona,  favourable  as  it  once  was,  has  ceased 
to  be  in  any  respect  advantageous.  Adjacent  buildings  closing  it  in  have  limited 
the  observations,  and  this  circumstance  alone  would  have  rendered  the  removal 
desirable.  Rapid  communication  with  other  observatories  can  now  be  as  easily 
effected  by  railway  and  telegraph  from  Kiel  as  elsewhere.  But  it  is  above  all 
essential  to  the  astronomer  to  keep  pace  with  the  general  march  of  the  natural 
sciences,  to  extract  profit  therefrom,  and  in  his  turn  to  impart  what  he  has  learned. 
Although,  therefore,  some  few  obstacles  in  connecting  the  observatory  with  the 
Kif;l  University  may  have  to  be  first  cleared  away,  it  may  be  hoped  that  immediate 
and  productive  interchange  of  scientific  truths  will  not  be  delayed." 

Encounter  of  the  Earth  with  the  Tail  of  a  Comet. — This  extraordinary 
event,  against  the  occurrence  of  which,  according  to  Arago,  there  are  more  than 
two  hundred  and  fifty  million  chances  to  one,  actually  took  place  on  the  19th 
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of  June,  1861,  the  earth  having  been  for  four  hours  totally  immersed  in  the  tail, 
according  to  the  calculations  of  M.  Liais,  founded  on  observations  made  by  him, 
at  Rio  de  Janeiro.  The  earth  was  plunged  into  it  to  the  depth  of  110,000 
leagues,  and  yet  no  effect  was  produced  on  the  weather,  not  even  a  fog  ;  a, 
proof  of  its  extraordinary  tenuity,  compared  even  with  our  atmosphere. 

Smith's  Smoke-Pkf.ventative. — This  invention  relates  to  means  of  admitting 
a  regulated  and  well-distributed  supply  of  air  above  the  tire  of  a  boiler,  or  other 
furnace,  to  attain  a  complete  ignition  of  the  gaseous  products  eliminated  from 
soft  and  other  coals.  It  consists  in  a  novel  arrangement  of  a  regulating  valve 
in  connection  with  a  perforated  plate,  through  which  air  from  the  ash-pit  is  dis- 
tributed above  the  fire.     Fig.  1  is  a  longitudinal  section  of  the  furnace,  showing 
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a  side-view  of  the  perforated  plate,  partly  in  section,  representing  the  stay  plate 
at  b.  Fig.  2  is  a  transverse  vertical  section  of  the  furnace,  representing  an  end- 
view  of  the  plate,  partly  in  section,  a  a  are  the  grate-bars,  represented  as 
divided  into  two  series.  b  s  is  the  perforated  air-distributor,  consisting  of 
an  open-bottomed  base  of  cast  iron  which  takes  the  place  of  four  or  five  bars 
in  the  back  series.  The  perforations,  a  a,  commence  at  the  average  height  of 
coal,  and  continue  all  over  the  sides,  front,  and  top  of  distributor.  C  is  the 
valve  for  regulating  the  supply  of  air  to  the  distributor,  secured  within  the  bottom, 
and  worked  by  the  rod,  D,  at  the  front  of  the  ash- pit,  e;  6  6  are  stay-plates 
cast  within  the  plates,  preventing  the  possibility  of  the  plates  warping  or  changirg 
their  position  ;  c  c  is  fire-clay,  applied  while  in 
a  soft  state,  supported  by  the  recesses,  i  «,  to  pre- 
vent the  destruction  of  the  plates  by  the  incan- 
descent coal.  The  inventor  has  experimented  with 
this  apparatus  in  the  boilers  of  the  U.S.  steamer 
Michigan,  and  satisfactorily  proved  the  practi- 
cability of  his  theory;  which  is,  that  in  order  to 
attain  a  perfect  combustion  of  the  gases,  it  is 
requisite  that  the  air  should  mingle  with  them 
before  they  have  fallen  below  eight  hundred 
degrees  (Fahr.).  In  order  to  attain  this  to  any 
degree  of  perfection,  it  is.  necessary  to  bring  the 
air  into  the  furnace  where  the  greatest  heat  exists, 

which  is  the  back  part.  Introducing  air  through  the  furnace-door  has  been  attended 
with  some  degree  of  success;  but  is  not  sufficient  to  affect  the  gases  in  the  rear  end 
of  the  furnaces.  This  apparatus  will  be  found  economical  in  furnaces  that  burn 
anthracite  coal,  and  it  will  insure  the  combustion  of  the  carbonic  oxide  gas. — Ameri- 
can Artlzan. 

Forts  and  Guns. — The  country  is  going  to  a  vast  expense  in  the  construc- 
tion of  forts,  which  are  expected  to  be  impregnable,  notwithstanding  the  recent 
improvements  in  ordnance.  It  is  very  important,  therefore,  that  their  powers  of 
resistance  to  the  enormous  projectiles  now  in  favour  should  be  ascertained;  so 
that,  if  they  are  not  likely  to  be  as  effective  as  would  be  desirable,  the  necessary 
measures  may  be  taken  for  improving  their  construction,  or  for  terminating  a 
useless  expenditure  of  money  upon  them.  Accordingly,  some  experiments  have 
recently  been  tried  at  Shoeburyness;  but  their  results  have  been  highly  unfavourable 
to  granite,  or  even  to  a  mixture  of  armour  and  granite  ;  and  they  seem  to  demon- 
strate that  a  casing  of  thick  iron  plates  alone  will  render  a  fort  indestructible  by 
artillery.  The  trials  were  made  with  two  casemates,  the  walls  of  which  were 
14  feet  thick,  from  8  feet  to  12  feet  being  of  granite,  and  the  rest  of  brick.  The 
embrasures  were  fitted  with  iron  shields;  one  of  the  latter  was  a  single  plate, 
13£  inches  thick,  and  the  other  was  constructed  on  the  principle  of  Chalmers' 
target.  The  cost  of  the  whole  construction  was  £8000.  The  four  guns  used 
were,  respectively,  seven,  eight,  nine,  and  ten  inches  calibre;  but  their  charges 
were  so  reduced  as  to  produce  only  the  effect  attainable  with  them  at  the  distance 
of  1000  yards.  Their  destructive  power  was  first  tried  on  the  shields.  The  solid 
plate  was  greatly  shattered,  and  would  soon  have  been  destroyed;  the  target  kept 
out  all  the  shot,  and  was  but  little  injured.  The  first  shot  fired  at  the  masonry, 
though  but  of  cast  iron,  split  the  solid  mass  to  a  great  depth ;  and  a  few  more 
shots  reduced  the  greater  part  of  it  to  ruins,  one  of  them  penetrating  into  the 
interior  of  the  supposed  fort.  There  can  be  no  doubt  that  iron  armour  sufficiently 
thick  would  defy  any  guns  that  can  ever  be  constructed.  As  to  a  backing  of 
masonry,  want  of  elasticity,  resulting  in  its  being  shaken  to  pieces,  will  probably 
deprive  it  of  any  useful  effect.  The  armour  would  be  very  expensive,  but  its  cost 
would  be  lessened  by  the  circumstance  that  smaller  forts  will,  on  account  of  becom- 
ing absolutely  impregnable,  suffice,  instead  of  the  large  ones  hitherto  considered 
necessary.  If  of  sufficient  thickness,  properly  backed  with  wood,  it  would  require 
no  backing  of  masonry.  The  latter  would  indeed  be  useless,  since  incapable  of 
withstanding  the  concussion  which  must  be  produced  hy  heavy  shot.  It  is  clear, 
from  these  experiments,  that  neither  masonry  by  itself,  nor  in  combination  with 
shields  in  the  embrasures,  is  capable  of  resisting  powerful  artillery  at  the  distance 
of  even  1000  yards:  on  the  contrary,  it  would  be  reduced  to  ruins  by  a  very  few 
well-directed  shots.  It  follows  that  the  forts  which  are  to  be  constructed  at 
Spithead,  if  the  present  plans  are  carried  out,  will,  after  enormous  sums  have  been 
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expended  on  them,  be  found  utterly  useless.  This  is  a  serious  consideration:  the 
loss  of  the  money  would  not  be  the  worst  consequence  of  a  mistake  in  so  important 
a  matter. — Scientific  Review. 

Saw  Tooth. — This  engraving  represents  a  plan,  suggested  by  Mr.  J.  E.  Emer- 
son, of  Trenton,  N.J.,  America,  for  securing  false  teetli  in  circular  saws — called 
false  teeth  in  distinction  to  those  worked  solid  on  the  saw, 
in  the  usual  manner.  It  is  not  claimed  that  the  idea  of  so 
fastening  teeth  in  saws  is  novel,  but  that  the  plan  itself  is  a 
valuable  improvement.  It  will  be  seen,  on  examining  the 
engraving,  that  the  tooth,  A,  is  curved  in  form,  and  that  it 
is  grooved  on  the  back,  as  at  B.  In  this  shape  it  is  fitted 
to  its  seat  in  the  saw,  which  is  adapted  to  receive  it,  as 
will  be  perceived  on  inspection.  When  once  placed  it  is 
fastened  by  a  rivet,  c,  one  half  of  which  is  in  the  tooth,  and 
the  other  half  in  the  saw,  where  it  is  firmly  held.  It  is 
claimed  that  this  method  of  construction  prevents  the  teeth 
from  ever  becoming  loose,  for  the  reason  that  the  action  of 
them  on  the  wood  being  sawed  tends  to  bind  them  firmly  in. 
place,  and  that  the  greater  the  resistance  the  stiffer  they 
become.  The  bevelled  edge  of  the  seat  on  the  saw  prevents 
the  tooth  from  slipping  sidewise,  as  may  be  seen.  It  is  also 
claimed  that  the  teeth  are  easier  to  fit  in  place  than  by  some 
other  methods,  and  do  not  injure  the  saw  itself  by  buckling 
or  expanding  it,  as  is  done  when  the  teeth  are  driven  in 
forcibly.  The  concave  side  of  the  teeth  are  made  thicker 
than  the  opposite,  or  convex  side,  forming,  as  the  inventor 
says,  a  dust  chamber,  so  that  no  sawdust  is  allowed  to  pass 
the  tooth  and  clog  or  pack  against  the  timber  and  heat  the 
saw  when  in  use,  but  is  all  carried  through  the  timber  and 
discharged  below.  The  inventor  claims  for  his  improvement 
the  following  advantages  : — The  teeth  are  forged  from  the 
best  cast  steel,  and  therefore  are  better  material  than  the  saw 
plates;  they  can  be  removed  and  new  ones  inserted  very 
readily;  they  increase  the  size  of  the  saw  ;  they  require  no 
setting,  and  run  with  less  power  than  common  teeth,  and 
can  be  more  easily  kept  in  order;  the  liability  of  breaking 
and  springing  or  straining  the  saw  by  gumming  is  avoided,  as 
these  teeth  are  not  so  treated;  only  one  half  the  number  of  teeth  are  required,  and 
these  cut  smoother  and  are  not  so  liable  to  heat  when  in  use  as  the  ordinary  one. 
— Scientific  American. 

Improved  Cancelling  Stamp. — The  object  of  this  improvement,  by  S.  B. 
Brague  and  William  S.  Starr,  of  New  York  City,  is  to  save  the  trouble  in  changing 
the  date.  In  ordinary  stamps  the  date  is  changed  by  taking  out  types  and  putting 
in  others;  and  in  tins  process  the  types  are  liable  to  be  lost  or  damaged,  and  to 
be  imperfectly  fastened ;  and  there  is  some  liability  to  error  in  the  date.  In  this 
stamper  the  date  figures  are  soldered  to  a  ring,  which  turns  in  a  groove,  and  is  held 
by  a  catch-pin  which  takes  into  holes,  so  that  each  date  figure  is  secured  in  its 
proper  place.     The  monthly  and  yearly  changes  are  made  in  the  usual  way.     a 


and  b  show  the  body  of  the  instrument,  which  is  cast  hollow,  and  basin  it  a  groove 
in  which  the  ring,  6,  to  which  the  date  figures  are  soldered,  revolves.  The  spring, 
c,  screwed  at  one  end  to  the  body,  has  nt*ar  its  other  end  a  pin  with  a  head  by 
which  it  may  be  drawn  outward.  The  end  of  this  spring  is  bent  at  a  right  angle 
to  Form  a  catch,  which  catches  into  notches  in  the  ring,  as  shown  at  6,  in  the  space 
broken  open  to  show  the  ring.  By  raising  this  catch  from  a  notch,  and  turning 
the  ring  slightly,  which  is  done  by  the  thumb  nail  applied  in  a  notch  on  the  further 
side,  the  catch  is  placed  half-way  between  two  notches;  it  is  then  released,  and 
allowed  to  press  against  the  ring;  the  ring  is  then  moved  further,  by  the  thumb 
nail  taking  hold  of  the  next  notch,  and  the  catch  springs  into  its  proper  notch,  and 
holds  the  ling.  Thus  it  is  made  sure  that  the  ring  will  not  be  moved  forward  more 
than  one  notch  or  day,  unless  the  spring  be  purposely  drawn  back;  and  the 
liability  to  error  is  thereby  lessened.  The  inking  ribbon,  c  C,  which  is  broken  to 
show  the  stamp,  is  arranged  in  the  usual  way,  on  two  rollers  which  are  turned  by 
their  milled  heads,  a  a.  The  paper  to  be  stamped  is  laid  over  the  stamp,  with  the 
inking  ribbon  intervening,  and  the  spring  bolt  is  driven  down  by  a  blow  of  the 
hand,  as  usual  iu  stampers  of  this  class. — American  Arthan. 


Sursiitute  for  LlME  in  Tine  Drummond  LioiiT. — A  new  substitute  for 
the  lime  in  the  Drummond  light  has  been  proposed  by  M.  Carlevaris,  who  com- 
municated a  rjote  on  the  subject  at  the  last  meeting  of  the  French  Academy  of 
Sciences.  A  piece  of  chloride  of  magnesium  is  placed  on  a  support  of  retort 
carbon  in  the  oxyhydrogen  flame.  The  chloride  decomposes  and  leaves  a  spongy 
oxide,  which  is  raised  to  incandescence,  and  gives  a  brilliant  light.  The  same 
effect  may  be  obtained  by  using  the  ordinary  carbonate  of  magnesia  compressed 
into  a  cylinder.  We  may  add  that,  though  its  brilliancy  is  very  great,  yet  it 
does  not  appear  to  exceed  the  lime  light  in  illuminating  power,  but  will  probably 
surpass  it  for  photographic  purposes. 

Rendering  Stone  Impervious. — In  a  recent  number  of  the  Builder  we 
find  the  following  recipe: — Dissolve  three-quarters  of  an  ounce  of  bees'-wax  in 
a  quart  of  raw  linseed  oil  over  a  very  gentle  fire,  taking  care  not  to  heat  the  mix- 
ture more  than  just  sufficiently  to  melt  the  wax.  Apply  the  mixture  while  warm 
to  the  surface  of  the  stone  with  a  painters  brush,  during  long-continued  dry 
weather  and  hot  summer  days,  the  intention  being  that  the  stone  should  be  dried 
and  warmed  as  much  as  possible  by  the  sun  previously  to  the  mixture  being  applied 
to  it.  The  greater  quantity  the  stone  can  be  made  to  absorb  the  more  successful 
will  be  the  result.  The  surface  should  be  well  cleaned,  and  all  soot,  dirt,  or  other 
loose  matter  should  be  removed  with  a  moderately  hard  brush  and  bellows  before 
the  oil  and  wax  are  applied.  Any  discoloration  occasioned  by  the  above  treat- 
ment will  almost  entirely  disappear  in  the  course  of  a  few  months. 

Improved  Sheep-feeding  Rack. — The  object  of  this  invention  is  to  obtain 
a  trough  by  which  a  number  of  sheep  may  be  fed  equally,  so  that  each  will  have 
its  proper  share.  Sheep  eat  very  rapidly,  and  unless  some  plan  is  adopted  to 
regulate  the  supply,  the  strongest  and  foremost  sheep  will  get  more  than  their  share. 
The  trough  here  shown  is  believed  to  remedy  this  difficulty.  It  consists  in  having 
a  hopper  placed  over  and  above  troughs — one  or  two  of  the  latter  being  used ;  also, 
in  having  the  hopper  constructed  in  such  a  manner  that  the  grain  or  feed  may  be 
discharged  therefrom,  more  or  less  rapidly,  into  the  feeding  trough  or  troughs,  and 
equally  distributed  in  them  throughout  their  entire  length.  The  details  are  as 
follows: — a  represents  a  feeding  trough,  one  on  each  side,  supported  at  a  suitable 
height  by  end  pieces  or  any  proper  framing.  These  feeding  troughs  are  divided  by 
a  partition,  b,  formed  by  two  boards  or  planks,  which  are  inclined,  and  meet  at  their 
upper  edges.  This  partition  extends  a  considerable  distance  above  the  troughs,  a, 
and  projects  within  the  hopper,  c,  which  is  com- 
posed of  two  pivoted  boards — one  at  each  end  of 
partition,  b.  The  pivots  of  the  sides,  b  b,  ara 
fitted  in  the  pieces,  which  extend  up  above  the 
troughs,  and  form  the  ends  of  the  hopper  as  well 
as  the  ends  of  the  trough.  The  sides,  in  conse- 
quence of  being  hung,  or  suspended  on  the  pivots, 
may  be  adjusted,  so  that  their  lower  ends  will  be 
in  contact  with  the  partition,  b,  or  said  ends 
moved  out  from  b,  as  shown  in  dotted  line  in  the 
same  figure.  In  the  former  adjustment  of  the 
sides,  b  6,  the  hopper,  c,  is  closed;  in  the  latter 
adjustment  it  is  open.  The  sides  of  the  hopper 
are  set  by  means  of  two  arms,  d,  the  outer  ends  of 
which  are  pivoted  in  the  sides,  the  inner  ends  of  H==  ^y>  ^= 
tin*    arms    lapping   over    each   other,   each    U-ing     ;      ~=^F^s  ^^5^        ~-~z_\ 

slotted  longitudinally,  having  a  pin  passing 
through  the  slots  and  through  the  lower  end  of 
an  upright  arm,  D,  which  is  fitted  to  a  bent 
lever,  e.  It  will  be  seen  that  by  moving  this  lever,  e,  the  sides,  6,  may  be  adjusted 
so  as  to  open  and  close  the  hopper  and  let  down  the  grain  or  feed  into  the  trough 
in  greater  or  less  quantities,  as  may  be  desired,  the  same  falling  down  the  inclined 
sides  of  the  partition,  b,  into  the  troughs.  In  case  several  of  these  devices  are  used, 
their  levers,  e.  may  be  connected  to  a  rod,  F,  so  that  the  aides  of  all  the  hoppers 
may  be  adjusted  simultaneously,  and  the  levers,  E,  may  be  retained  at  any  desired 
point  within  the  scope  of  their  movement,  by  means  of  a  pawl  connected  to  them 
by  a  pivot,  and  having  their  lower  ends  engaging  with  a  segment  rack.  The  device 
may  be  constructed  with  only  one  trough,  a,  and  hopper,  c,  constructed  with  only 
one  side,  6,  but  the  double  form  would  be  preferable.  Thus  by  this  simple  device 
the  feed  troughs  may  be  supplied  with  grain  or  feed  gradually  and  evenly  through- 
out, and  the  sheep  equally  fed.  Patented  in  America,  July  11,  1865,  by  Milton 
Barnard,  of  Unicnville,  Chester  Co.,  Pa. — Scientific  American. 

Mineral  Oil  in  Wiltshire. — The  mineral  oil  deposits  just  discovered  at 
Trowbridge,  in  Wiltshire,  have  been  visited  by  competent  persons,  and  a  favour- 
able opinion  has  been  expressed  by  them  as  to  the  material  found  being  adapted 
for  the  manufacture  of  paraffin  oil. 

Lifting  a  Building. — The  astonishing  mechanical  tour  deforce  of  lifting 
a  vast  building,  estimated  to  weigh  27,000  tons,  has  lately  been  performed  at 
Chicago.  The  building,  which  consisted  of  five  stories,  was  raised,  by  means  of 
1580  screws,  two  feet,  the  operation,  which  is  stated  as  having  been  perfectly  suc- 
cessful, having  occupied  72  hours. 

New  Light. — M.  Sayers,  of  Paris,  has  found  that  a  brilliant  light,  possessing 
very  high  actinic  power,  is  produced  by  the  combustion  of  a  mixture  of  twenty-four 
parts  of  well-dried  pulverized  nitrate  of  potash  with  seven  parts  of  flowers  of  sul- 
phur and  six  of  the  red  sulphide  of  arsenic.  This  mixture  can  be  sold  at  three- 
pence a  pound,  and  its  light  is  therefore  much  cheaper  than  that  of  magnesium,  to 
which  it  is  said  to  be  only  very  slightly  inferior  in  actinic  energy. 

Ozone. — Thevexed  question  respecting  the  precise  nature  and  properties  of  ozone  is 
likely  to  be  settled,  as  the  Paris  Academy  of  Sciences  have  appointed  a  committee 
consisting  of  MM.  Chevr^ul,  Dumas,  Pelouze,  Feuillet,  Le  Verrier,  Becquerel,  and 
Boussingault,  to  examine  and  report  whether  ozone  exists  in  the  atmosphere,  and 
whether  the  so-called  ozonometric  papers  of  Schonbein  indicate  the  presence  of 
electrified  oxygen. 

Russian  Armour-plated  Vessels. — Some  time  ago  it  was  mentioned  in 
the  Times  that  Messrs.  Charles  Mitchell  and  Co.,  of  Newcastle-on-Tyne,  were 
building  at   their  yard  in  St.  Petersburg  several  armour-plated  vessels  for  the 
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Russian  government.  The  following  are  the  dimensions  of  the  principal  ships 
in  coarse  of  constructing  The  largest  is  the  Pojarski,  an  armour-clad  vessel 
about  2S0  feet  long,  49  feet  beam,  and  about  31  feet  deep.  The  armour-plating 
is  4j  inches  thick,  and  extends  the  entire  length  of  the  vessel  from  the  depth 
of  5  feet-  below,  and  6  feet  above  the  line  of  flotation.  This  armour  is  laid  on 
a  backing  of  East  India  teak  IS  inches  thick.  The  Pojarskis  armament  is 
placed  in  a  central  battery  occupying  about  SO  feet  on  the  length  of  gun  deck, 
both  sides  and  ends  being  completely  armour-clad.  The  armament  will  consist 
of  eight  300-pounder  steel  guns,  lour  on  each  broadside.  The  iron  hull  is  of  great 
strength,  being  constructed  on  the  cellular  tabular  principle.  The  entire  bottom 
of  the  vessel  is  built  with  double  iron  skin,  for  the  purpose  of  giving  great  additional 
safety  as  well  as  strength.  The  Pojarski  will  be  propelled  by  engines  of  700 
horse-power,  which  are  being  constructed  with  all  the  modern  improvements  for 
economy  of  fuel.  Messrs.  Mitchell  are  also  building  for  the  Russian  government 
two  armour-plated  turret-ships  on  Captain  Cole's  system.  These  vessels  are  of 
1500  tons  and  250  horse-power.  Each  will  be  armed  with  two  revolving  turrets 
carrying  a  pair  of  300-pounderguns.  Each  vessel  is  thus  enabled  to  deliver  abroad- 
side  of  1200  lbs.  Their  defensive  powers  are  also  great,  as  their  sides  from  stem 
to  stern  are  covered  with  armour  4A  inches  thick,  on  a  teak  backing  18  inches  thick. 
The  entire  deck  is  also  covered  with  iron  plating  1  inch  thick.  The  turrets  are 
covered  with  5i-inch  armour  on  24-inch  thickuess  of  teak.  It  will  thus  be  seen 
that  although  of  only  1500  tons,  and  drawing  but  10£  feet  water  in  fighting  trim, 
the  offensive  and  defensive  powers  of  these  turret-ships  are  equal  to  those  of  a 
great  majority  of  the  largest  armour-clad  vessels  hitherto  built  by  any  country. 
The  general  arrangements  of  hull  and  machinery  will  be  similar  to  the  turret-ship 
Sniertch,  designed  and  built  by  Messrs.  Mitchell  for  the  Russian  government.  It 
is  a  somewhat  remarkable  fact  that  not  only  are  the  hulls  of  Messrs.  Mitchell's 
vessels  built  in  Russia,  but  the  entire  quantity  of  iron  used  is  also  made  there;  the 
steam  engines  and  boilers,  the  armour-plating,  and  the  armament  are  also  wholly 
of  Russian  manufacture. 

Paris  Improvements. — The  expenditure  of  the  City  of  Paris,  apart  from 
that  of  the  State,  for  works  of  public  utility  during  the  present  year,  is  given 
officially  at  two  hundred  millions  of  francs,  or  eight  millions  sterling.  The  applica- 
tion of  this  sura  is  as  follows : — 

Public  promenades  and  plantations, £1,280,000 

Water  supply  and  sewers, 1,320,000 

Religious  edifices,  hospitals,  municipal  buildings,  and|_  o  jnn  000 

public  schools j"     '       ' 

Road  work, 3,000,000 

£8,000,000 

Of  all  the  public  works  the  sewers  are  beyond  question  the  most  important  and 
the  most  difficult  of  execution,  and  the  progress  which  has  been  made  during  the 
last  few  years,  not  only  in  the  extension  but  in  the  improvement  of  the  system 
of  these  great  outlets  of  impurity  is  one  of  the  most  important  facts  in  the  history 
of  Paris.  It  appears  that  in  the  year  1800,  the  total  length  of  all  sewers  of  the 
city  was  15,386  metres.     The  additions  made  since  are  as  follows:  — 

Metres. 

From  1800  to  1831  there  were  constructed  new  sewers  equal  in\  2Q  j9 . 

extent  to /  * 

1832  to  1839 50,870 

1840  to  1847, 27,804 

1848  to  1849 5,925 

1850  to  1855 21,738 

In  1856, 3,528 

1857, 10,999 

1858 4,436 

1859, 18,383 

1860, 19,944 

1861, 20,079 

1862 30,057 

1863 30,682 

1864 39,227 

In  addition  to  the  above,  the  branches  for  the  sen-ice  of)  -^  __« 

private  establishments  amount  to,  )  ' 

The  whole  amounting  to  388,451  metres,  or  more  than  two  hundred  and  thirty 
miles  in  length.  Another  new  public  garden  is  about  to  be  formed,  in  the  four- 
teenth arrondissement  of  the  city.  The  site  selected  is  the  plateau  of  Montsouris, 
an  elevated  spot  commanding  the  valley  of  La  Bievre  and  affording  a  fine  view 
of  Paris  and  the  surrounding  country.  The  Pare  of  Montsouris  will  be  connected 
with  the  main  boulevards  of  the  city  by  a  road  forty  metres  wide,  to  be  called  the 
Boulevard  Jourdan,  and  will  be  approached  from  other  quarters  by  four  other 
roads,  two  of  twelve  and  two  of  twenty-two  metres  in  width.  The  new  pare  will 
cover  an  extent  equal  to  nearly  forty  acres;  the  pare  of  the  Buttes  Chaumont 
now  in  course  of  formation  covers  fifty  acres,  the  Bois  de  Boulogne  and  the  Bois  de 
Vincennes  are  respectively  3000  and  3100  acres  in  extent.  Immense  works  are 
now  under  hand  with  the  special  view  to  the  improvement  of  the  approaches  to 
the  Exhibition  of  1867.  The  whole  of  the  steep  hill  known  as  the  Trocadero, 
and  which  extends  from  the  old  village  of  Chaillot  to  Passy,  is  being  cut  down, 
and  three  new  Boulevards  will  shortly  pierce  this  hitherto  inconvenient  suburb, 
and  connect  it  directly  with  the  river  and  the  Champs  Elyse'es.  The  enormous 
quantity  of  rubbish  supplied  by  the^e  works  is  being  carted  to  the  Champ  de  Mars 
to  form  a  foundation  for  the  new  Exhibition  building.  In  connection  with  this 
great  work  may  be  mentioned  the  widening  of  the  Bridge  of  Jena,  which  will 
correspond  with  the  main  axis  of  the  Exhibition  building;  the  pathways  are  to 
be  added  to  the  road-way,  and  ne\v  footways  constructed  on  each  side  of  the  bridge. 
Opposite  this  bridge,  on  the  side  of  the  Champs  Elyse'es,  will  be  a  fine  open  space 
called  the  Place  Josephine,  and  in  which  will  stand  the  statue  of  that  Empress. 
There  are  six  churches  at  the  present  moment  under  construction,  two  large  struc- 


tures, both  nearly  finished,  in  the  heart  of  the  city,  and  four  in  the  outskirts. 
Next  to  the  new  series  of  sewers,  and  infinitely  more  open  to  public  appreciation, 
the  new  markets  will  probably  be  the  most  striking  works  which  the  municipal 
government  will  have  to  show  the  world  in  1S67.  The  great  central  halles,  or 
market,  with  its  broad  streets  all  under  cover  (which  has  already  been  described 
in  the  Journal),  is  rapidly  approaching  completion,  and  will  be  certainly  the  finest 
establishment  of  the  kind  in  the  world;  the  market  of  the  Temple  and  that  of 
St.  Honore,  situated  in  the  very  heart  of  the  city,  have  been  entirely  reconstructed, 
four  or  five  others  have  been  greatly  improved,  and  six  new  markets,  to  replace 
those  which  have  been  demolished,  are  now  being  erected  in  the  same  style  as  that 
of  the  great  central  market;  that  is  to  say,  on  columns  of  cast  iron,  supporting 
lofty,  well-lighted,  and  well-ventilated  roofs  formed  of  iron,  zinc,  and  glass,  with  i 
extensive  cellars  for  the  storage  of  stock  and  materials,  and  supplied  with  water 
and  drainage  in  the  most  complete  manner.  Two  other  new  markets  are  also 
under  consideration  ;  and  by  the  time  the  great  Exhibition  opens  there  will  probably 
not  be  a  specimen  left  of  those  assemblages  of  dirty  huts  which  formed  the  old 
markets  and  supplied  refuges  to  myriads  of  rats,  and  were  so  many  sinks  of 
pestilence.  Two  of  the  six  new  markets  now  under  construction,  cover  respectively 
areas  of  2000  and  2700  pquare  yards. 

The  Copper  Smoke  Question. — It  is  well  known  that  the  utilization  of 
copper  smoke  has  attracted  great  attention  of  late  years,  and  only  a  few  weeks 
ago  particulars  of  a  German  invention  in  course  of  adoption  at  Messrs.  Vivian  and 
Sons'  works,  Swansea,  were  given  in  the  Times.  Mr.  H.  H.  Vivian,  M.P.,  an- 
nounced at  a  public  meeting  since  held  that  he  had  every  confidence  in  the  success 
of  the  invention,  and  that  in  a  short  time  the  copper  smoke  from  his  works,  which 
had  hitherto  been  so  injurious  to  the  land  around,  would  not  only  be  rendered 
innoxious,  hut  of  great  commercial  value,  by  condensing  it  through  various  pro- 
cesses to  sulphuric  acid.  Within  the  last  few  weeks  Air.  Thomas  Bell  has  brought 
forward  another  invention  which  has  attracted  considerable  attention.  That 
gentleman  has  visited  Swansea,  the  seat  of  the  copper  smelting  trade,  and  he 
was  introduced  to  the  copper  smelters  at  the  last  ticketing  meeting,  when  he 
laid  his  plans  before  the  parties  then  present,  and  he  was  invited  to  visit  several 
of  the  principal  local  establishments  in  order  to  test  the  invention.  From  these 
facts  it  is  inferred  that  before  long  the  injury  caused  by  the  copper  smoke  will 
not  only  be  neutralized,  but  the  smelters  will  reap  a  handsome  return  from  its 
utilization. 

Cotton  in  Italy. — At  a  recent  meeting  of  the  Cotton  Supply  Association, 
a  letter  was  read  from  Naples  inclosing  samples  of  Sea  Island,  Siamese,  and  New 
Orleans  cotton,  twelve  bales  of  which,  the  produce  of  about  fifty-eight  acres  of 
land,  amounting  to  7130  lbs.,  had  been  shipped  for  Liverpool.  The  soil  in  which 
it  was  grown  is  composed  of  a  very  thick  strata  of  ashes  from  Vesuvius,  on  a  rock  of 
lava  from  the  same  volcano,  which  runs  down  to  the  sea.  The  property  was  formerly 
entirely  covered  with  vineyards,  but  since  the  disease  in  the  vines  made  its  appear- 
ance no  vintage  worth  preserving  has  been  obtained,  and  a  portion  of  the  estate 
has  been  converted  into  arable  land  for  growing  madder  roots  and  cotton.  The 
Sea  Island  variety  seems  to  thrive  well,  and  should  fine  weather  continue  until 
the  end  of  the  year  it  is  expected  that  the  plants  will  produce  two  or  three  bales 
more  of  clean  cotton.  The  yield  this  year  has  not  been  so  large  per  acre  as 
last  year,  a  violent  gale_  of  wind  between  the  9th  and  12th  November  having 
damaged  the  plantations  considerably.  The  cotton  was  picked  as  it  ripened 
during  the  months  of  September,  October,  and  November,  care  being  taken  to 
keep  all  the  defective  cotton  separate  from  the  good.  It  was  cleaned  by  Macarthy 
gins,  worked  by  steam  power,  and  every  effort  has  been  made  to  send  the  cotton  to 
market  in  the  best  possible  condition.  It  is  very  difficult  to  ascertain  the  quantity 
grown  or  the  extent  of  land  cultivated  with  cotton  in  the  neighbourhood  of  Naples, 
or  in  the  other  provinces.  The  greater  part  is  shipped  for  Genoa,  Marseilles,  and 
Trieste,  whence  it  finds  its  way  to  the  north  of  Italy,  Switzerland,  and  Germany, 
very  little  indeed  being  shipped  to  Great  Britain. 

Speculation  un  Petroleum. — During  the  petroleum  mania  in  America  1100 
oil  companies  were  started,  with  an  aggregate  par  capital  of  600,000,000  dollars. 
It  is  estimated  that  15  per  cent,  of  that  amount  has  been  actually  p-iij  up,  giving 
an  aggregate  of  real  investment  of  say  90,000,000  dollars.  The  production  of 
the  present  year  may  reach  about  one  and  a-half  million  barrels.  The  exports 
have  usually  averaged  abont  37  per  cent,  of  the  entire  production.  The  average 
price  at  the  well  is  10  dollars  per  barrel,  thus  making  15,000,000  dollars  as  the 
value  of  the  year's  production.  Deducting  20  per  cent,  for  company  and  working 
expenses,  this  yield  would  leave  13^  per  cent,  upon  the  estimated  90,000,000 
dollars  of  actual  invested  capital,  which,  considering  the  risks  and  the  uncertain 
duration  of  the  oil  wells,  is  not  considered  particularly  remunerative. 

Railways  of  the  United  Kingdom. — The  total  traffic  receipts  on  railways  in 
the  United  Kingdom  for  the  year  1864  amounted  on  12.789  miles  to  £34,015,564. 
The  total  working  expenditure  for  the  year  amounted  to  £16,000.308  or  47  per 
cent.  The  net  receipts,  after  some  deductions,  amounted  to  £17,911,239,  showing  an 
increase  of  £1,862,308  over  the  receipts  in  1863.  The  12,789  miles  of  railway  were 
composed  of  8890  miles  in  England  and  Wales,  2105  miles  in  Scotland,  and  1794 
miles  in  Ireland,  the  revenue  over  the  number  of  miles  in  1S63  being  respectively  * 
£322,  92,  and  53.  The  total  number  of  passengers  conveyed  on  railways  in  tlie 
United  Kingdom  in  1864  was  229,272,165,  of  whom  136,301,581  were  third-class ; 
65.269,169  second  class;  and  27,701,415  first-class.  The  total  receipts  for  pas- 
sengers in  the  United  Kingdom  amounted  to  £13,915,600,  and  an  additional  sum 
of  £1,768,440  was  received  for  mails,'  luggage,  excess  fares,  horses,  and  dogs. 
The  total  receipts  from  goods,  minerals,  and  live  stock  amounted  to  £18,331,524. 
In  the  working  expenses  the  sum  of  £2,997,121,  or  18-73  per  cent,  was  charged  for 
maintenance  of  way  and  works;  £4,474,?P2,  or  27*96  per  cent.,  for  locomotive 
power  and  stationary  engines;  £1,416,341,  or  S'86  per  cent.,  for  repairs  and  re- 
newals of  carriages  and  wagons;  £4,546,589,.  or  28"42  per  cent.,  for  coaching 
and  merchandise;  £633,850,  or  3  96  per  cent.,  for  rates  and  taxes;  £430, S65,  or 
2*69  per  cent.,  for  government  duty,  £135,665,  or  0*86  per  cent.,  compensation 
for  personal  injury;  £117,400,  or  0*73  per  cent.,  compensation  for  damage  and 
loss  of  goods;  £224.959,  or  1*40  per  cent.,  for  legal  and  parliamentary  expenses; 
and  £1,023,226,  or  639  per  cent,  for  miscellaneous  working  expenditure  not 
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included  in  the  foregoing,  making  the  total  expenses  as  before  stated,  £16,000,308. 
The  total  amount,  of  share  and  loan  capital  paid  up  on  railways  in  England  and 
Wales  to  the  31st  of  December,  1864,  was  £352,855,395  ;  on  railways  in  Scotland, 
£47,736,564;  and  on  railways  in  Ireland,  £24,891,479;  total,  £425,483,438. 
Of  the  £425,483,438  paid  up,  £93,030,792  consisted  of  loans  on  debentures; 
£13,049,541,  debenture  stock  or  funded  debt;  £104,647,626,  preferential  capital, 
and  £214,755,479,  ordinary  capital. 

Keyhole  Guide. — The  object  of  this  invention,  by  W.  R.  Pomeroy,  of  Millers- 
burg,  Ohio,  U.S.A.,  is  principally  to  obviate  the  difficulty  attendant  upon  the 
insertion  of  a  key  into  a  lock  in  the  dark ;  but  beside  this,  if  neatly  got  up,  it 
constitutes  a  very  nice  ornament  for  a  door,  and  also  makes  a  lock  more  difficult  of 

access  to  burglars.  The  flanges,  f,  may 
be  made  of  any  external  shape,  from  cast 
iron  or  other  metal,  and  silver-plated  if 
desired,  thus  presenting  a  neat  appear- 
ance— it  may  be  made  either  as  a 
separate  piece,  or  a  part  of  and  con- 
tinuous with  the  outer  plate  of  a  lock. 
When  made  separate,  it  is  secured  to 
the  door  or  lock  with  screws,  by  means 
of  the  ears,  e,  in  such  position  that  the 
rim,  c,  projects  outward,  and  the  key- 
hole, a,  communicates  with  the  key- 
hole of  the  lock;  to  insert  the  key,  if 
it  is  placed  at  any  point  within  the 
rim,  c,  it  will  slide  directly  down  the 
inclined  sides,  b,  and  enter  the  keyhole 
without  hindrance.  The  lower  floor 
of  the  interior  surface,  d,  is  nearly  on  a  level  with  the  lower  edge  of  the  key- 
hole, so  that  the  shaft  of  the  key  will  always  enter  at  its  corresponding  part  of  the 
orifice. — American  Artisan, 

Rifled  Guns. — Major  Palliser's  two  68-ponnders  converted  into  7-inch  rifled 
guns  have  recently  tired  50  rounds  each,  with  the  severe  charges  of  22  lbs.  of 
powder  and  115  lbs.  shot,  at  Shoeburyness,  and  have  stood  the  test  perfectly. 
The  following  is  the  history  of  one  of  these  guns : — First,  373  rounds  as  a  smooth- 
bore G8-pounder,  unserviceable;  secondly,  converted  by  Major  Palliser  into  7-inch 
100-pounder,  750  rounds,  as  follows: — 20  rounds  of  12  lbs.,  40  of  20  lbs.,  and 
690  of  16  lbs.,  charges,  and  shot  of  100  lbs. ;  inner  tube  split,  50  rounds  of  16  lbs. 
charge  and  100  lbs.  shot,  to  see  whether  the  gun  would  burst,  which  it  did  not. 
The  gun  was  repaired,  and  is  now  as  good  as  ever.  The  shooting  of  both  guns 
was  excellent;  the  range  at  ten  degrees  was  4450  yards,  the  mean  difference  of 
range  about  21  yards,  and  mean  deflection  34;  yards.  We  are  informed  that 
several  guns  are  at  present  being  prepared  by  the  Elswick  Ordnance  Company  on 
Major  Palliser's  plans.  Four  of  these  are  cast-iron  32-pounders  converted  into 
rifled  64-pounders,  and  four  are  24-pounders  converted  into  rifled  56-pounders. 
They  will  be  issued  in  pairs  to  various  stations,  from  which  reports  will  be  sent 
in  of  their  per  Ion  nances  Their  charges  will  be  7  lbs.  and  6  lbs.  of  powder,  and 
they  will  throw  shells  with  large  bursting  charges.  The  late  trial  of  the  600- 
pounder  v.  the  Hercules  target  resulted,  we  are  informed,  m  favour  of  the  chilled 
cast-iron  shot. 

Hat  Ventilator.' — There  have  been  many  hat  ventilators,  most  of  them  of 
little  efficiency,  or  too  complex  and  expensive  for  general  use.  The  one  represented 
in  the  engravings,  by  Mr.  Bennjah  J.  Burnett,  of  Mount  Vernon,  N.Y.,  is  on  the 
principle  of  bis  ventilators  for  houses  and  ships.  Fig.  1.  shows  the  ventilator  in 
perspective;  fig.  2  shows  it  in  section — both  full  size.  In 
fig.  2,  A  represents  a  section  of  the  central  part  of  the  crown 
of  the  hat ;  b  is  the  upper,  and  O  is  the  lower  part  of  the 
ventilator;  the  two  parts  are  screwed  together.  A  hole  being 
punched  in  the  crown,  the  upper  part,  to  which  the  screw 
is  attached,  is  inserted,  and  the  lower  part,  in  which  the  nut 
is  fixed,  is  screwed  on.  The  external  corrugations  or  hoods 
communicate  with  the  internal  ones,  so  that  the  air  can  pass 
through  them,  as  shown  by  the  arrows.  When  the  hat  is 
moved  through  the  air,  as  in  walking,  or  when  there  is  a 
breeze,  the  air  presses  into  the  hoods  on  the  windward  side,  and  tends,  by  lateral 
action,  to  produce  a  vacuum  in  the  hoods  on  the  leeward  side;  and  thus,  both 
by  pressure  ami  by  exhaustion,  the  cool  air  is  forced  into  the  hat,  and  the  warm 
air  is  drawn  out  of  it.     Iu  the  manufacture,  the  corrugated  parts  are  punched  up 
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from  brass  plates,  and  soldered  to  the  washers,  which  also  are  punched  up;  the 
whole  can  therefore  be  made  of  very  thin  metal,  and  at  small  expense. — Ameri- 
ca/! Artizan. 

Water;  Supplt  of  the  Metropolis. — In  1850  the  gross  daily  quantity  of 
water  supplied  by  the  water  companies  of  London  was  44,383,332  gallons  daily. 
In  1856  it  bad  reached  upwards  of  81  million  gallons  per  day,  having  nearly 
doubled  in  the  short  space  of  six  years,  and  now,  in  1865,  it  is  about  108  million 
gallons.     This  is  about  30  gallons  per  head  per  day  on  the  present  population. 

Sugar  Cultivation  in  the  Sandwich  Islands. — The  Panama  Mercantile 
Chronicle  says  that  the  cultivation  of  sugar  seems  to  have  been  found  extremely 
profitable  in  these  islands,  and  to  have  made  proportionate  progress.  The  export, 
which  was  3,005,504  lbs.  in  1862,  advanced  to  10,414,411  lbs.  in  1864.  New 
plantations  are  being  constantly  started,  and  the  shipments  this  year  are  expected 
to  be  far  larger  than  the  last,  while  the  area  of  land  still  untouched  by  cultivation, 
but  capable  of  profitably  producing  sugar,  is  supposed  to  be  ten  to  twenty  tiaies 


the  quantity  now  yielding.  Under  these  circumstances,  and  looking  at  the  other 
capabilities  of  the  country,  a  belief  is  expresed  that  the  importance  of  the  Sandwich 
Islands  has  been  much  underrated,  and  that  with  a  continuance  of  the  government 
and  security  now  enjoyed,  they  will  rapidly  take  rank  as  the  West  Indies  of  the 
North  Pacific  Ocean. 

Improved  Pump.— The  object  of  these  improvements,  by  W.  F.  Dodge,  of  New 
York,  is  to  simplify  the  construction  of  pumps  that  have  "air  chambers  and  side 
pipes;  and  to  this  end  the  cylinder  cover,  the  air  chamber,  and  the  cover  for  the 
side  pipes  and  valves  are  all  in  one  piece,  which  is  attached  to  the  cylinder  with  a 
single  plane  joint.  The  air  chamber  is  directly  over  the  cylinder,  so  that  the  piston 
rod  passes  through  the  air  chamber  and  through  a  stuffing  box  on  the  top  thereof. 
There  has  heretofore  been  much  difficulty  in  preventing  leakage  of  air  through  the 
stuffing  box.  To  obviate  this  difficulty,  the  piston  rod  and  its  stuffing  box  are 
isolated  from  the  air  chamber  by  means  of  a  tube  surrounding  the  rod,  and  con- 
necting the  air  chamber  with  the  cylinder  cover,  a  is  the  cylinder,  having  cast 
with  it  the  two  side  water  passages,  b  b',  which  extend  from  top  to  bottom.  These 
passages  are  surrounded  at  the  top  by  the  same  flange  which  surrounds  the  cylinder; 
and  the  whole  upper  end  is  faced  in  a  lathe  to  one  flat 
surface,  which  constitutes  the  upper  valve  seats,  and  which 
forms  the  lower  face  of  the  single  plane  joint  by  which 
the  cylinder  cover  and  the  air  chamber,  c,  are  secured  to 
the  cylinder.  The  cylinder  cover  and  air  chamber  are 
formed  in  one  casting,  with  a  flange  by  which  to  bolt 
them  to  the  flange  of  the  cylinder;  and  the  whole  bottom 
of  this  casting,  in  which  there  are  openings  over  the 
passages  to  admit  the  valves,  is  faced  flat,  to  form  the 
upper  face  of  the  single  plane  joint  of  the  cylinder  cover 
and  air  chamber  around  the  cylinder  and  side  passages. 
The  air  chamber  is  made  large  enough  to  cover  the  cylin- 
der and  both  side  passages,  and  hence  to  supply  the  place 
of  covers  to  both  side  pipes  and  bonnets  to  both  valves; 
and  the  single  plane  joint  thus  serves  to  connect  the  cylin- 
der cover,  the  air  chamber,  and  the  cover  of  both  side  pipes 
and  valves,  d  is  the  tube  which  surrounds  the  piston 
rod,  and  isolates  it  and  its  stuffing  box  from  the  air 
chamber.  This  tube  is  represented  as  cast  with  the 
cylinder  covers  and  air  chamber,  between  tire  centres  of 
which  it  forms  a  connection.  The  stuffing  box,  e,  is  at 
the  top  of  this  tube,  and  is  completely  isolated  from  the 
air  chamber,  so  that  no  air  can  escape  therefrom  through 
it.  The  opening  in  the  cylinder  cover  at  the  bottom  of 
this  tube,  is  large  enough  for  the  piston  rod  to  pass 
loosely  through  it  without  friction,  and  will  permit  the  tube  to  be  filled  with  water 
around  the  piston  rod  by  the  upward  stroke  of  the  piston,  thus  forming  a  water 
stuffing  box  between  the  cylinder  and  the  upper  stuffing  box.  The  tube,  instead  of 
being  cast  with  the  cylinder  cover  and  air  chamber,  may  be  made  separate  and 
screwed  into  them  through  the  top  of  the  air  chamber ;  and  in  such  case  the  stuffing 
box  may  be  attached  to  the  tube. — American  Artizan, 


APPLICATIONS   FOR 

PROVISIONAL  PROTECTION  FOR  INVENTIONS 

UNDER  THE  PATENT  LAW  AMENDMENT  ACT. 

tjtg°  When  the  city  or  town  is  not  mentioned,  London  is  to  be  understood. 

1Uk  November,  1865. 

3014  H.  J.  Cox,  Aston,  and  W.  Loach,  Birmingham — Air-tight  coffins 

3015  G.  W.  Turner,  Tunstall— Pottery  and  earthenware 

3016  Jules  Wauthier,  Dalston— Obtaining  motive  power 

3017  Charles  Reader,  Derby— Elastic  belt 

3018  Joseph  Whitworth,  Manchester  — Casting  iron  and  steel 

3019  George  Moreton,  Cardiff— Lacing  boots  and  shoes 

3020  S.  C.  Salter,  Market  Drayton— Apparatus  for  shrinking  cotton 

3021  Robert  Mallet,  Bridge  Street— Mounting  ordnance 

3022  W.  E.  Newton,  Chancery  Lane — Shields  for  trunks  or  packages. — A  com. 

3023  W.  E.  Newton,  Chancery  Lane — Helical  or  spiral  springs. — A  com. 

3024  A.  V.  Newton,  Chancery  Lane — Spikes  for  securing  the  rails  in  position. — A  com. 

25/A  November,  1865. 

3025  W.  A.  Lyttle,  London — Furnaces. 

3026  J.  Draper  and  W.  Leech,  Wigan— Water  gauges 

3027  John  Arrowsmith,  Bilston— Shaping  and  forging  iron 

3028  R.  T.  Hothersall,  Darwen,  S.  Cook  and  W.  H.  Hacking,  Bury — Healds  for  looms 

for  weaving 

3029  J.  F.  Beunet,  Liverpool — Apparatus  for  raising  heat 

3030  Frederick  Trachsel  and  William  Hall,  Manchester— Casting  steel  and  iron 

3031  John  Ferrier,  Liverpool — Hulls  and  tackle  of  navigable  vessels 

3032  C.  F.  Whitworth,  Saddleworth—  Signalling  on  railways 

3033  J.  H.  Johnson,  Lincoln's  Inn  Fields — Cork  cutting  machines. — A  com. 

3034  G.  T.  Bousfield,  Brixton— Wrought  iron.— A  com. 

3035  Theophilus  Berrens,  Tarbes— Improved  system  of  pavement 

27th  November,  1865. 
J.  P.  Baragwanath,  Upper  Thames  Street — Adjustable  spanner  tube  cutter  and  pipe 

wrench. — A  com. 
W.  E.  Gedge,  Chancery  Lane — Steam  wheel. — A  com. 
William  Hodgson,  Bradford — Screw  gill  boxes 
John  Manifold,  Liverpool— Construction  of  ships'  parrels 
W.  E.  Newton,  Chancery  Lane— Cutting  mouldings  in  wood. — A  com. 
W.  E.  Newton,  Chancery  Lane — Manufacture  of  paper. — Acorn. 
W.  R.  Lake,  Chancery  Lane — Composition  for  enamel. — A  com. 
W.  R.  Lake,  Chancery  Lane — Preserving  fruit. — A  com. 
W.  R.  Lake,  Chancery  Lane— Shaft  shackles. — A  com. 

28(7*  November,  1865. 

3045  Francois  Mols,  Brussels— Nautical  Safety  Apparatus 

3046  R.  M.  Roberts,  Kensington— Deriving  motive  power 

3047  C.  H.  Newman,  Chertsey— Unfermented  and  unintuxicating  malt  liquor 
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304S  W.  E.  Geclge,  Chancery  Lane — Ovens.— A  com. 
S049  Edward  Drucker,  Paris— Stays  and  corsets 

3050  L.  D.  Carbonnier,  Paris— Preventing  draughts 

3051  W.  Simons  and  A.  Brown,  Renfrew — Preventing  the  escape  of  heat  from  steam 

cylinders 
3032  H.  E.  Newton,  Chancery  Lane— Chimney  cowl. —  A  com. 

3053  A.  V.  Newton.  Chancery  Lane — Printing  surfaces  by  photography. — A  com. 

3054  A.  V.  Newton,  Chancery  Lane— Fertilizer. — A  com. 

29th  Novertdw,,  1865 

James  Thompson,  Sheffield— Handles  of  tea  and  coffee  pots 

H.  A.  Bonneville,  Paris— Coverings  for  the  head. — A  com. 

Thomas  Laurie,  Edinburgh — School  desk  seat  and  table 

Peter  Gaskell,  Birmingham— Rotary  motion 

H.  A,  Dufrene,  Paris— Stretching  and  rolling  fabrics — A  com. 

James  Stokes,  Dudley,  and  Thomas  Gray.  Birmingham — Brushes 

George  Marshall,  Pont  Blyddyn — Making  casks  and  other  vessels  tight 

Thomas  Lancaster,  Bootle— Combustion  of  fuel  in  furnaces 

J.  E.  Brown,  Glasgow — Embossing 

Enoch  Parr  and  Isaac  Gregory,  Manchester — Pianofortes 

G.  K.  Snow,  Massachusetts— Shirt  collars 

G.  T.  BoushVld,  Brixton — Treating  hair  for  weaving.— A  com. 

C.  S.  Baker,  Fleet  Street—  Paper. — A  com. 

Kichard  Howarth,  Gloucester  Crescent— Signalling  and  forming  a  communication 

30th  November,  1S65. 

3069-  A.  C.  Duncan,  Manchester — Madder  for  dyeing 

3070  J.  T.  Hall,  Liverpool — Lamps  for  burning  petroleum 

3071  William  Thomson,  Dublin — Mellowing  spirituous  liquors 

3072  Stephen  Dixon,  London — Corsets 

3073  John  Kerfoot,  Blackburn—'  Top  rollers' 

3074  J.  H.  Johnson,  Lincoln's  Inn  Fields. — Sinking  and  operating  wells. — A  com. 

3075  John  Gamgee,  Bayswater— Disinfecting  stables 

3076  John  Hollands,  Clerkenwell  Green,  E.  R.  Hollands,  King's  Square,  St.  Luke's,  and 

T.  Hollands.  Baker  Street— Gold  chains 

3077  J.  L.  Norton,  Belle  Sauvage  Yard,  and  James  Landless,  Nelson— Registering  the 

speed  of  machinery 

3078  "William  Clark,  Chancery  Lane — Decolouring  sugar. — A  com. 

1st  December,  1865. 

3079  I.  M.  Singer,  New  York — Sewing  machines 

3080  Joseph  Roberts,  Brixton — A  spoon  rest 
30S1  John  Wilson,  Birmingham — Knobs  for  doors 

3082  William  Pringle,  Birmingham — Breech-loading  fire-arms 

3083  I.  J.  Handley  and  C.  Wilkins,  Birmingham — Compasses,  callipers,  and  dividers 

3084  T.  W.  Dodds,  Rotherham — Railway  bare,  tyres,  and  axles 

3085  "W.  F.  Batho,  Birmingham— Safes 

3086  Henry  Hedlev  and  George  Aiusley,  South  Shields — Sewing  machines 
30S7  W.  R.  Taylor,  Oxford— M  siting 

3088  L.  M.  Rogers,  Bouverie  Street— Water  pipes.— A  com. 

2nd  December,  1865. 

30S9  W.  Johnston,  Glasgow — Lamps,  lanterns,  and  gas  fittings 

3090  I.  M.  Singer,  New  York — Ocean  steamers 

3091  Edward  Scott,  Manchester — Looms  for  weaving. — A  com. 

3092  A.  J.  'Wright,  Dublin — Ornamentation  of  glass 

3093  T.  A.  Weston,  King's  Norton— Moving  heavy  bodies 

3094  Richard  Edmondson,  Blackburn — Pickers  used  in  looms 

3095  E.  B.  Wilson,  Edinburgh — Furnaces- 

3096  Emile  Morin  and  Roman  Schweizer,  Sherborne  Lane — Swivel  snap 

3097  Richard  Cook,  Hatbeisage — Stretcher  for  umbrellas 

3098  George  Ash,  Great  Marlborough  Street — Artificial  teeth 

3099  Thomas  Bell,  Plaistow— Oxide  of  iron 

3100  Adolphe  Nicole",  Soho  Square — Carriages 

3101  T.  N.  Bennie,  Govan- Distilling  oils 

3102  R.  A.  Brooman,  Fleet  Street — Holder  for  cigars 

4th  December,  1865. 

3103  J.  S.  Templeton,  Glasgow — Power  looms 

3104  Alexander  Mackie,  Warrington— Setting  type 

3105  Dennis  Hall,  Wharton — Manufacture  of  salt 

3106  Frederick  Braby  and  Alfred  Moore,  Euston  Road — Metal  tanks 

3107  L.  J.  Bouchart,  Paris— Mineral  soda 

3108  William  Clarke,  Nottingham— Ornamental  laces 

3109  William  Beardmore,  Parkhead — Forge  furnaces 

3110  R.  A.  Brooman,  Fleet  Street— Dyeing  and  printing. — A  com. 

3111  Alfred  Paraf  and  Richard  S.  Dale,  Manchester — Colouring  matter 

3112  James  Steart,  Bermondsey— Production  of  fibre 

3113  E.  C.  Hodges,  Florence  Street — Breech-loading  fire-arms 

3114  W.  E.  Newton,  Chancery  Lane — Artificial  arms. — A  com. 

3115  John  Toinlinson,  Carlisle — Disinfectants 

bth  December,  1865. 

3116  J.  J.  Ashworth,  Manchester— Winding  machinery 

3117  Philip  A.  Muntz,  Keresley — Metal  tubes 

3118  W.  S.  Cluderay,  Leeds — Leather  shaving  machine 

3119  R.  A.  Brooman,  Fleet  Street — Cement  or  composition. — A  com. 

3120  S.  W.  Wilkinson,  Stockport— Cleaning  cotton 

3121  J.  Prest,  H.  Harrison,  and  B.  Roeber,  Bedford  Leigh— Insulators 

3122  Josef  Toth,  Hecskemes,  Hungary — Steam  boilers 

3123  Isaac  Holden,  M.P.,  Bradford — Preparing  and  combing  wool 

3124  W.  B.  Masters,  Shoreditch — Pressing  shawls 

3125  Peter  Bawden,  Clifton  Street— Bricks 

3126  E.  A.  Cowper,  Great  George  Street — Grinding  corn 

3127  G.  E.  Donisthorpe,  Leeds — Getting  coal 
3123  Edward  Vagg.  Guernsey — Builders'  scaffolds 

3129  Edward  Headly,  Cambridge— Tanks,  baths,  mangers,  &c. 

3130  A.  B.  Brown,  Cannon  Street — Steam  cranes  and  hoists 

6th  December,  1865. 

3131  Joseph  Taylor,  Birmingham — Railway  chairs 

3132  Joseph  Walker,  Birmingham — Fastenings  for  waistband  buckles 

3133  Edwin  Whele,  Aston — Dressing,  sifting,  and  cleaning  fruit 

3134  John  Sainty,  Norfold — Shoeing  horses  without  nails 

3135  H.  B.  Hamilton,  Manchester  Square — Metal  bedsteads 

3136  T.  L.  Nicklin,  Tipton— Paddling  and  heating  furnaces 

3137  George  Macdonald,  Aston — Cleaning  and  ginning  cotton 

3138  George  Daws,  Peuge — Locking  and  unlocking  gates 

3139  John  H.  Pepper,  Boundary  Road,  and  Thomas  W.  Tobin,  Watson's  Road— Illusory 

exhibitions 

3140  William  Ennis,  New  York — Fire  pot  and  retort 

3141  W.  E.  Newton,  Chancery  Lane— Steam  boilers. — A  com. 

3142  A.  C.  Barnlett,  Thirsk — Reaping  and  mowing  machines 

3143  N.  Salamon  and  W.J.  L.  Davids,  Ludgate  Street— Sewing-machine  needles. —A  com. 

3144  G.  F.  Rnssell,  Montpelier  Square— Kitchen  stoves 

3145  W.  H.  Clabburn,  Norwich — Shawls  and  ornamental  weavings 


7tk  December,  1865. 

3146  Joseph  Parkes,  Fitzroy  Square— Hot-water  dishes 

3147  William  Grosvenor,  Rugby— Teaching  of  arithmetic 

3148  C.  D.  Hitchcock  and  John  Shimmon,  Bury  Saint  Edmunds — Driving  belts 

3149  W.  E.  Evans,  Great  Portland  Street — Keyed  instruments 

3150  G.  F.  Russell,  Montpelier  Square — Hoods,  aprons,  and  dashes  of  carriages 

3151  Samuel  Norris,  Regent  Street— Breech-loading  fire-arms. — A  com, 

3152  Joseph  Woollatt,  Leeds — Looms  for  weaving 

8th  December,  1865. 

3153  P.  de  Monde*sir,  P.  Lehaitre,  and  A  Jullienne,  Paris— Air  for  ventilating 

3154  N.  J.  Holmes,  Primrose  Hill  Road — Electricity  for  the  testing  and  discharge  of 

torpedo  mines.— Partly  a  com. 

3155  Thomas  Claridge,  Bilston — Rolling  gun  barrels 

3156  Oliver  Maggs,  Bourton,  and  G.  H." Smith,  North  Perrot— Mogador  grasses 

3157  W.  Calvert  and  J.  S.  Robertson,  Liverpool— Coats  and  cloaks 

3158  R.  E.  Price,  Manchester— Tyres  for  railway  wheels 

3159  W.  Boulton  and  J.  Worthington,  Burslcm— Mortars,  howls,  and  similar  articles 

3160  Florian  Dahis,  Brooklyn,  U.S. — Buttons  and  studs 

3161  G.  Wailes,  Stroud,  and  B.  Cooper,  Frome— Feeding  of  scribbling  and  carding  engines 

3162  G.  T.  Bousfield.  Brixton— Cooking  by  steam.— A  com. 

3163  Alexander  Parkes,  Birmingham — Xylodine 

3164  G.  T.  Bousfield,  Brixton— Buttons.— A  com. 

3165  G.  T.  Bousfield,  Brixton— Cutting  files.— A  com. 

9th  December,  1865. 

3166  Emile  Watteen,  Middlesboro'-on-Tees — Screwing  and  tapping  machine 

3167  H.  A  Bonneville,  Paris— Barometers.— A  com. 

3168  H.  A.  Bonneville,  Paris— Railroads. — A  com. 

3169  Antoine  Grivel,  Chelsea — Safes  and  strong  rooms 

3170  William  Jackson,  Lambeth — Sewing  machines 

3171  Samuel  Clark,  Rye— Steering  apparatus 

3172  A.  V.  Newton,  Chancery  Lane— Preserving  animal  and  vegetable  substances. — 

A  com. 

3173  Alexander  Doull,  Westminster — Railways  and  carriages 

3174  R.  A.  Brooman,  Fleet  Street— Preparing  plants  for  the  purposes  of  tobacco  and 

snuff —A  com. 

3175  S.  G.  H.  Davies-Gwyn,  Westminster— A  covering  for  the  ends  of  maps 

3176  R.  Pickup  and  J.  Heald,  Chorley— Signal 

3177  Charles  Baylis,  Alvechurch — Fish  hooks 

3178  Thomas  Wilson,  Birmingham — Breech-loading  fire-arms 

3179  Andrew  Barclay,  Kilmarnock — Injecting  and  ejecting  fluids 

3180  William  Boggett,  Chelsea — Wire  conductors 

3181  W,  T.  Eley,  Gray's  Inn  Road — Central  fire  breech-loading  cartridges 
31S2  James  Warburton,  Addingham — Combing  silk 

3183  Edmund  Morewood,  Stratford— Coating  metals 

3184  N.  W.  Wheeler,  Brooklyn,  U.S.— Steam  boilers 

31S5  R  F.  Fairlie,  Gracechurch  Street — Locomotive  engines 

3186  H.  S.  Marshall,  Highgate— Tables  for  playing  billiards 

3187  William  Clark,  Chancery  Lane— Sockets  applied  to  candles. — A  com. 

3185  W.  W.  Hulse,  Manchester — Tools  for  cutting  wood 

11th  December,  1865. 

3189  Thomas  C.  Usher,  Dublin— Cutting  paper 

3190  V.  M.  Griswold,  Westchester,  U.S. — Photographic  surfaces 

3191  John  Townsend,  Shelf— Steam  boilers 

3192  Theophilus  Berrens,  Paris— Submarine  telegraphic  cables 

3193  J.  T.  Griffin,  Fleet  Street — Improved  ruler.— A  com. 

3194  John  Goddard,  Hammersmith — Folding  shutters 

3195  Thomas  King,  Holloway — Pyrotechnic  toy 

3196  A.  V.  M.  Marie,  Duke  Street— Musical  notation 

3197  W.  J.  Murphy,  Cork — Breech-loading  guns 

3198  E.  L.  Walker,  Benford's  Store,  U.S. — Elevating  hay  or  grain 

3199  W.  R.  Lake,  Chancery  Lane— Railways.— A  com. 

3200  H.  K.  York,  Cardiff—  Finishing  rivets 

3201  John  Jonas,  Leadenhall  Street — Waterproof  linings  of  cases 

12th  December,  1865. 

3202  Christopher  Easby,  Sheffield— Truss 

3203  Joachim  Kaspary,  City  Road — Drinking  beverage. — A  com. 

3204  Robert  Hineson,  Liverpool — Aerated  waters 

3205  Marc  Klotz,  Paris — Sewing  machine  shuttles 

3206  Arnold  Budenberg,  Manchester — Blasting  powder. — A  com. 

3207  H.  Y.  Thompson,  St.  James' — Envelopes 

3208  C.  K.  Tomlinson  and  C.  J.  Hayward,  Lincoln — Sheep  ointment 

3209  Robert  Howarth,  Manchester — Stiffening  fabrics 

3210  L.  L.  Sovereign,  Pentonville  Road — Carriage  wheels 

3211  Richard  Beck,  Cornhill — Microscopes 

3212  J.  Campbell,  S.  M'Kinstry,  and  T.  Wilson,  Carmony — Spinning  and  twisting  flax 

3213  Joseph  Stocker,  New  Cross — Steam  engines 

3214  A.  V.  Newton,  Chancery  Lane — Tool  for  cutting  tubes. — A  com. 

3215  A.  Y.  Newton,  Chancery  Lane — Bolts  and  rivets. — A  com. 

13tk  December,  1865. 

3216  George  Barber,  Liverpool — Door  mats 

3217  J.  H.  Smith,  Hoxton—  Sewing  machines 

3218  F.  B.  Dosring,  Bayswater— Boring  rock.— A  com. 

3219  R.  A.  Brooman,  Fleet  Street— Pulp  from  lygeum  spartum. — A  com. 

3220  H.  F.  M'Killop,  Belvedere— Cleansing  ships'  bottoms 

3221  B.  Porrit,  Littlelown,  and  W.  Priestley,  Birstal— Fulling  and  scouring  of  cloths 

3222  William  Brookes,  Chancery  Lane — Turbines  for  obtaining  motive  power.— A  com. 

3223  G.  Atkin,  E.  Atkin,  and  A.  A.  Atkin,  Birmingham — Grinding  pit  and  other  saws 

3224  John  Sanderson,  Sheffield— Railway  bars 

3225  Peter  Gardner,  Banbury— Rotary  engine 

3226  P.  W.  Eowen,  Shrewsbury— Cultivating  land  by  steam  power 

14th  December,  1865. 

3227  A.  E.  Dobbs,  M.A.,  Lincoln's  Inn— Drag  for  carriages 

3228  Harry  Prowse.  Birmingham— Felt 

3229  C.  P.  Button,  Cheapside— Swings.— A  com. 

3230  August  Guye,  Northampton  Square — Keyless  watches 

3231  William  Winter,  Leeds — Wheels  and  pulleys 

3232  J.  S.  Watson,  Hamilton — Propelling  vessels. — A  com. 

3233  T.  R.  Hetherington  and  Samuel  Thornton,  Manchester— Cleaning  cotton 

3234  John  Elce  and  R.  Cotton,  Manchester — Spinning  and  doubling 

3235  J.  C.  Wilson,  Lime  Street— Boiler 

3236  R.  A.  Brooman,  Fleet  Street— Weaving  and  other  operations. — A  com. 

3237  Jacques  Masson,  Paris — Apportioning  the  fodder  of  horses 

3238  William  Pretty,  Ipswich — Stays  or  corsets 

3239  H.  W.  Miller,  Burton-upon-Trent — Screening  grain 

3240  W.  R.  Lake,  Chancery  Lane— Applying  wax  to  threads. — A  com. 

3241  James  Lancaster,  Portsea—  Seamen's  hats 

3242  H.  G.  Fairburn,  Saint  Luke's — Solidifying  coal  and  clay 

3243  William  Robinson,  Bridgewater — Mixing  materials 

3244  H.  Negretti  and  J.  W.  Zambra,  Hatton  Garden— Railway  carriages 

3245  W.  A.  West,  Fairford— Paper  pulp 
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16*5  December,  1S65. 

3246  Charles  de  Bergue,  Strand— Bridges  and  viaducts 

3247  George  Warriner,  Little  llford— L'ire-places  and  furnaces 

3248  Thomas  Parker,  Saint  Mary  Axe— Illumination. — A  com. 
3219  James  Aston,  Hythe—  Fire-arms 

3250  Charles  Blyth,  Dundee— Holders  for  hackling  machines 

3251  H.  C.  Litchfield,  Kensington— Cutting  bread 

3252  Frederick  Walton,  Staines— Floor  cloth 

3253  Richard  Ransford,  West  Brompton— Bichloride  of  carbon 

16?A  December,  1S65. 
Rolla  Badger,  Dowgate  Hill — Shears  and  scissors 


3254 
3255 
3256 
3257 
3258 
3259 
3260 

3261 

3262 
3263 
3264 
3265 

3266 
3267 
3268 
3269 

3270 
3271 
3272 
3273 
3274 
3275 
3276 
3277 
3278 
3279 
3280 
3281 
3282 
3283 
3284 

3285 
3286 
3287 
3288 
3289 
3290 
3291 
3292 
3293 
3294 
3295 
3296 
3297 
3298 

3299 
3300 
8301 
3302 
3303 
3304 
3305 
3306 
3307 


Thomas  Jones  and  Joseph  Buckley,  Manchester — Bed  quilts 

Charles  Pengilly,  Falmouth— Sulphurous  and  arsenical  pyrites 

Francis  Johnston  and  William  Astley,  Blackburn — Utilizing  waste  healds 

A.  V.  Newton,  Chancery  Lane — Fire-arms. — A  com. 

J.  A.  Longiidge,  Abingdon  Street— Locomotive  engines 

C.  L.  W.  Reade,  Parkhurst — Motive  power 

18tk  December,  1865. 
S.  Whitehouse,  S.  Whitehouse,  jun.,  J.  Whitehouse,  and  W.  Whitehouse,  Dudley- 
Collecting  waste  gases 
W.  E.  Dobson,  Nottingham — Refuse  of  starch  and  gumaline 
J.  F.  Dickson  and  John  Barrs,  Leicester — Utilizing  scraps  of  leather 
Joseph  llarcourt,  Birmingham — Lacquering  metal  goods 
C.  Liddell,  Abingdon  Street,  and  R.  S.   Newall,   Gateshead— Mooring  floating 

structures 
O.  C.  Burdict,  New  Haven,  U.S. — Metal  nuts  and  dies 
H.  C.  Ensell,  St.  Helen's — Smelting  copper 
Henry  Planck,  Manchester —Regulating  heat 
R.  A.  Broornan,  Fleet  Street — Boilers. — A  com, 

19th  December,  1865. 
James  Bolton,  Halifax — Boots  and  shoes 

G.  8.  Harrison  and  S.  E.  Featherstone,  Deptford — Pedal  acceleratot 
J.  W.  Carr,  Roxwell — Rotating  motion 
A.  H.  Thurgar,  Norwich— Foot  protectors 

J,  T.  Uawe-i,  Northfield,  and  John  Robbins,  Wolverhampton — Locks  and  latches 
C.  A.  M'Evoy,  Bedford  Square— Igniting  shells 
William  Creasy,  BedfaVld— Drying  grain 
G.  T.  Bousfield,  Brixton — Splitting  leather  skins. — A  com. 

E.  A.  Dana,  Brooklyn,  U.S.— Projectile  for  rifled  cannon 
J.  H.  Johnson,  Lincoln's  Inn  Fields— Pistons. — A  com. 
Louis  Durand,  Lyons — Dyeing  and  printing  I 
W.  E.  Newton,  Chancery  Lane— Felt  hats. — A  com. 
A.  V.  Newion,  Chancery  Lane — Electro-magnetic  engines. — A  com. 
William  Clark,  Chancery  Lane — Aerial  navigation. — A  com. 
William  Clark,  Chancery  Lane— Repeating  fire-arms. — A  com. 

20lh  December,  1865. 
John  Gibbon,  Tryddyn— Retort  for  distilling 
Walter  Kerr,  Fulham— Optical  arrangement 

J.  J.  Harrison,  Broughlon,  and  E.  Harrison,  Balham  Hill— Purifying  air 
John  Birch,  Newton  Heath     Steel 
Thomas  Rickett,  Islington — Metal  tubes 
John  Martin,  Newman  Street — Door  locks  and  latches 
Michel  Sie"grist,  Brompton — Signalling  on  railway  trains 
William  Clark,  Chancery  Lane — Cooling  and  purifying  air. — A  com. 
John  Gaingee,  Bayswater — Preservation  of  meat 
R   M.  Claypole,  Westminster — Castors 

F.  L.  Hancock  and  C.  L.  Hancock,  Dudley— Propellers  for  ships 
John  Watson,  Rildale  Cleveland,  and  Jfdin  Player,  Norton — Oil  from  shale 
W.  F.  Cooke,  Aberia,  and  George  Hunter,  Maentwrog— Cutting  slate  and  coal 
H.  E.  Newton,  Chancery  Lane — Clasp  or  dress  preserver. — A  com. 

21st  December,  1865. 
William  Bogget,  Chelsea — Wire  conductors 
H.  A.  Bonneville,  Paris — Steel  and  purified  iron. — A  com. 
V.  P.  P.-Van  Leuf,  Saint  Heliers— Envelopes 
William  Barnsley,  Stockport — Securing  the  ends  of  strapping 
George  Davies,  Scrle  Street — Gas-burner  — A  com. 
W.  E.  Newton,  Chancery  Lane — Cartridges. — A  com. 
J.  W.  Blackman,  Gravesend — Fireproof  safes 
George  Hawkstey,  Montrose  Villas — Treads  of  steps  or  stairs 
W.  E.  Laycock,  Sheffield— Looms  for  weaving 

22nd  December,  1865. 

3308  William  Clark,  Chancery  Lane— Steam  engines. — A  com. 

3309  Richard  Newhall,  Astwood  Bank — Needle  case3 

3310  Michael  D.  Rosenthal  and  S.  Gradenwitz,  Church  Row— Compositions  in  imitation 

of  ivory  and  wood 

3311  Leopold  D'Auhre'ville,  Paris — Weaving. — A  com. 

3312  Denis  M'Grath,  Kilberry — Treatment  of  oils  from  peat 
8313  James  Anderson,  Sheerness — Cleansing  the  bottoms  of  ships 

3314  Edward  Deane,  Arthur  Street— Pipes,  tubular  columns,  and  hollow  structures 

3315  William  Jackson,  Lancaster — Pumps 

8316  W.  E.  Newton,  Chancery  Lane — Astronomical  instruments. — A  com. 

3317  George  Davies,  Serle  Street — Burning  combustible  vapour.  -  A  com. 

3318  J.  A.  Cooper,  Trowbridge — Yarns  and  dyes 

3319  G.  T.  Bousfield,  Brixton— Articles  of  sheet  metal.— A  com. 

23rd  December,  1865. 

3320  William  Smith,  Nottingham— Trimmings 
3821  Samuel  Chatwood,  Bolton-Safes 

3322  H.  A.  Dnfreue,  Paris— Railways  and  wheels.— A  com. 

3323  Edward  Clifton,  Bradford — Caps  employed  in  spinning 

3324  Joseph  Groves  and  George  Robinson,  Birmingham — Safes 

3325  W.  E.  Newton,  Chancery  Lane— Glue  or  gelatine.— A  com. 

3326  R.  M.  Marygold,  Boston  Place,  and  S.  Fitzjohn,  Lisson  Grove — Hanging  window 

sashes 

3327  Julius  Jeffreys,  LTpper  Norwood— Fire-plnces,  furnaces,  and  stoves 
332S  Edmund  Dwyer,  Hornsey,  and  Henry  Moon,  Hoxton — Motive  power 
8329  J.  C.  Haddan,  Bessborough  Gardens — Levels  and  theodolites 

3330  H.  D.  lloskold,  Cinderford,  and  W.  B.  Brain.  Forest  of  Dean— Pumps 

3331  Frederic  Jenner,  Saint  James'  Street — Envelopes 

3332  F.  W.  Webb,  Crewe — Steel  crossings  for  railwavs 

3333  C.  W.  Moore,  Little  Earl  Street— Cocks  or  valves.— A  com. 

3334  George  Hum  and  Daniel  Hum,  Norwich— Tanned  leather 

3335  William  Gill,  Victoria  Street,  and  Buckingham  Bird,  Ipswich — Affixing  stamps 

20th  December,  1865. 

3336  E.  Lones,  J.  C.  Lones,  J.  Lones,  J.  Brettell,  T.  Brettell,  aud  Charles  Vernon,  West 

Bromwich  —Axles  and  spindles 

3337  Charles  Reeves,  Birmingham — Breech-loading  fire-arms 

3338  Joshua  Fisher,  Liverpool— Steam  boilers  and  furnaces 

3339  W.  F.  Deane,  Farnworth— Applying  copper  to  the  bottoms  and  sides  of  vessels 

3340  Michael  Henry,  Fleet  Street— Soda.— A  com. 

3841  C.  J.  Viehoffaud  J.  A.  Mathiessen,  Paris— Steering  indicators 


3342 
3343 
3344 
3345 
3346 
3347 
3348 
3349 
3350 
3351 


3352 
3353 
3354 
3355 

3356 
3357 
3358 
3359 
33H0 
3361 


3363 
3364 
3365 
3366 
3367 
3368 

a%9 

3370 
3371 
3372 
3373 
3374 
3375 


3376 
3377 
337S 

3379 
3380 
3381 
3382 
3383 
3384 
33K5 


27th  December,  1865. 
Joshua  Rea,  Liverpool— Lubrication  of  machinery 

Joseph  Benn,  Goat,  and  G.  O  Luckman,  Manchester— Gumming  labels 
G.  C   Ange,  Marquis  D'Auxy,  Belgium— Treating  grain  and  ores 
James  Young,  Li inefield— Treating  hydrocarbon  oils 
Samuel  Grilhth,  Greenwich— Paying  out  and  hauling  in  telegraph  cables 
H.  A.  Silver,  Silvertown — Electric  conductors 
W.  C.  Dod;<e,  Washington,  U.S. — Breech-loading  fire-arms 
J.  H.  Lester,  Brooklyn,  U.S.— Oil  for  lubricating 
N.  W.  Wheeler,  Brooklyn,  U.S.— Duplex  steam  engines 
N.  W.  Wheeler,  Brooklyn,  U.S.  -Distilling 

28^  December,  1865. 
N.  W.  Wheeler,  Brooklyn,  U.S.— Sea-going  vessels 

J.  Bates,  E.  Brookes,  and  E.  W.  Brookes,  Sheffield— Piston  and  grease  cup 
F.  T.  Hubert,  Deptford — Electric  typo-omnitelegraphic  machines 
Edward  V.  Gardner,  Berners  Street,  Louis  A.  Israel,  and  H.  A.  Israel,  Middlesex- 
Deodorizing  and  disinfecting 
S.  Collins  and  C.  Collins,  Hercules  Buildings — Tearing  silk 
C.  F.  Vai  ley,  Beckenham— Telegraphic  cables 
R.  A.  Brnoman,  Fleet  Street— Motive  power. — A  com. 
Ernest  Oppenheim,  Leadenhall  Street — Fire-works, — A  com. 

C.  L.  W.  Kneller,  Manchester  Street — Igniting  cigars 

W.  E.  Newton,  Chancery  Lane— Bale  tie  or  hoop  lock. — A  com. 

29th  December,  1865. 
William  Harrison  and  Thomas  Walker,  Blackburn— Boring  and  shaping  metal 
I  sham  Baggs,  Chancery  Lane— Stereoscopes 
David  Vogl,  Basinghall  Street — Show  cases 

J.  J.  Harrison,  Broughton,  and  E.  Harrison,  Balham  Hill — Looms  for  weaving 
Thomas  Waison,  Accrington — Looms  for  weaving 

J.  R.  Napier,  Glasgow,  and  W.  J.  M.  Rankine,  Glasgow  University — Rudders 
R.  A.  Brooman,  Fleet  Street — Acetate  of  lead. — A  com. 
Andrew  Barclav,  Kilmarnock — Steam  boilers 
J.  H.  Kidd  and  J.  C   Mather,  Bradford— Floor  clothB 
John  Hall,  Westminster  Road — Boots  and  .shoes 
William  Cormack,  Commercial  Road — Charcoal 
Benedict  Burchal!,  St.  Helen's — Side  propellers 
E.  J.  Hughes,  Manchester — Colouring  matters. — A  com. 
William  Edleston  and  John  Schotield,  Sowerby  Bridge— Expanding  fabrics 

30tk  December,  1865. 
Robert  Smith.  Chorlton-upon-Med!ock — Doubling  machines 
Thomas  Parkinson,  Bury — Throstle  machines 
A.  Knowles,  J.  Knowles,  and  Joshua  Barraclough,  Birstal — Extracting  wool  from 

vegetable  substances 
George  Hawksley,  Sheffield — Closing  cartridge  cases 
Richard  Beck,  Bradford— Steam  engines 

J.  S.  Gisborne,  Liverpool — Transmitting  messages  and  signals 
W.  E.  Newton,  Chancery  Lane— Locks. — A  com. 
W.  E.  Newton,  Chancery  Lane — Friction  matches. — A  com. 
J.  H.  Johnson,  Lincoln's  Inn  Fields — Coverings  for  floors.— A  com. 
W.  F.  Gochrane,  Springfield,  U.S.— Mills 

D.  W.  Thomas,  Bethesda — Breaks 

1st  January,  1866. 
John  Bullough  and  William  Rossetter,  Accrington — Looms  for  weaving 
J.  B.  Crrixall,  Birmingham — Ventilators  and  mirrors  for  hats 
Nathan  Thomson.  Abhey  Gardens—  Stoppers  for  bottles 
Martin  Lohren,  Frankfort-on-the-Main— Substitute  for  leather. — A  com. 
Thomas  Prideaux,  Sheffield — Furnaces 

William  Barminsrham,  Pendleton  Iron  Works—  Charging  blast  furnaces 
John  Ashdown,  Westminster  Chambers — Steering  ships. — A  com. 
Charles  Schwartz,  Philadelphia,  U.S. — Cutting  finger  nails 
W.  H.  Norrie,  Dundee— Finishing  textile  fabrics 
Montague  Montagu,  Brondesbury  Villas — Hats 
C.  Tayler,  W.  Dyer,  H.  Dooley,  and  J.  Dooley,  Deptford  Green— Kamptulicon 


2nd  January,  1866. 

12  P.  S.  Bruff,  Ipswich— Railways 

13  T.  C.  Fawcett  and  Henry  Wilson,  Leeds — Lifting  and  lowering  weights 

14  Werner  Staufen,  Devonshire  Terrace — Vegetable  fibres 

15  R.  A.  Brooman,  Fleet  Street — Gasaliers. — A  com. 

16  A.  aud  W.  Young,  Gower  Street— type  distributing 

3rd  January,  1866. 

17  Hermann  Hirsch,  Paris — Screw  propellers 

18  H.  A.  Bonneville,  Paris— Sowing  seed. — A  com. 

19  James  Pilling  and  Robert  Scaife,  Colne  —  Spinning 

20  George  Sheppard,  Marchwood — Rolling  land 

21  William  Simons,  Renfrew — Conveying  materials. 

22  William  Buckley,  Tankersley — Signalling  apparatus 

23  George  Starbuck  and  John  C.  Sellars,  Birkenhead— Cement 

24  George  S.  Robertson,  Liverpool — Telegraph  standards 

25  Bewicke  Blackburn,  York  Building — Furnaces  or  fire  places 

26  A.  V.  Newton,  Chancery  Lane— Pigments.— A  com. 

4tk  January,  1866. 

27  T.  T.  Macneill,  Cockspur  Street— Motive  power 

28  Robert  Willan,  Blackburn— Power  looms 

29  James  Hiscocks,  Tisbury — Furnaces 

30  T.  E.  Vickers,  Sheffield — Tyres  for  wheels 

31  W.  E.  Newton,  Chancery  Lane— Distillation. — A  com. 

32  W.  E.  Newton,  Chancery  Lane — Augers.— A  com. 

33  W.  H.  Towers,  New  York — Tanning  hides 

34  Francis  Wright,  High  Street — Fruit  beverages 

35  William  Clark,  Chancery  Lane — Paper. — A  com. 

5th  January,  1866. 

36  J.  and  H.  Moore  and  George  Lund,  Burnley— Looms  for  weaving 

37  John  Jackson,  Sudden  Brow,  and  Samuel  Jackson,  Heywood— Grain  mills 
33  W.  J.  and  N.  A.  T.  Symons.  London —Forges  and  furuaceB 

39  James  Ronald,  Liverpool — Fibrous  materials 

40  Elias  Taylor,  Patcham — Waterproof  bricks 

41  J.  F.  Weeler,  Ryde— Warming  feet 

42  Edmund  Walker,  London  Street— Windlasses 

43  H.  D.  P.  Cunningham.  Bury— Guns  and  gun  carriages 

44  William  Winter,  Leeds— Engines 

45  A.  V.  Newton,  Chancery  Lane — Feeding  steam  boilers. — A  com. 

Gtk  January,  1866. 

46  Horatio  Ames,  Falls  Village,  U.S.— Ordnance 

47  William  Clark,  Chancery  Lane— Bridges.— A  com. 

48  Frederick  Tolhausen,  Paris — Locks. — A  com. 

49  W.  G.  Beattie,  Surbiton— Lubricating 

50  Baron  Oscar  de  Mesnil,  Brussels— Towing  boats 

51  H.  H.  Collins,  London  Wall— Printing  presses 
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ON  SOME  POINTS  OF  PRACTICE  IN  IRON  FOUNDING. 

No.  IV. 

In  designing  a  new  foundry  we  should  prefer,  upon  the  whole,  to 
reduce  the  waste  heat  itself  of  the  cupola  as  low  as  possible,  but  not  to 
attempt  to  save  any  that  we  were  unable  to  prevent  leaving  the  mouth 
of  the  cupola.  To  effect  the  utmost  possible  economy  thus,  the  main 
conditions  are — adequate  height  in  the  cupola,  competent  supply  of  air, 
and  the  use  of  hot-blast.  The  latter  we  should  employ  without  any 
hesitation  on  the  ground  of  supposed  deterioration  of  the  quality  of  the 
iron  melted  by  it. 

If  the  furnace  for  heating  the  blast  be  constructed  suitably,  and  upon 
Siemens'  regenerative  plan,  its  waste  heat  may  be  most  conveniently 
and  usefully  employed  for  heating  "the  stove"  partially  or  wholly. 

As  respects  the  quality  of  the  blast  best  for  the  cupola,  the  usual 
divergence  of  opinion  will  always  be  found  amongst  merely  practical 
men,  i.e.,  men  of  routine  only. 

The  essential  conditions  are,  first,  that  the  supply  of  air  by  weight  be 
adequate,  but  not  greatly  in  excess  of  that  which  is  uecessary  for  the 
perfect  combustion  of  the  fuel ;  secondly,  that  it  be  delivered  at  the 
twyer  at  such  a  pressure  as  will  give  the  air  perfect  access  to  the  whole 
interior  of  the  furnace  area.  To  the  latter  end  it  appears  to  be  in  some 
degree  a  mistake  to  assume  that  the  velocity  of  the  air  issuing  from  the 
twyer  must  be  such  as  shall  be  competent  to  impel  it  or  some  of  it  right 
into  the  centre  of  the  column  of  fuel,  where  it  is  met  by  the  air  from 
the  opposite  twyer.  Fuel  once  in  a  state  of  combustion  in  any  furnace 
or  fire  gathers  oxygen  to  itself  by  chemical  affinity,  acting  from  particle 
to  particle  of  adjacent  air  as  by  a  sort  of  rapid  cementation.  This  maj' 
be  seen  going  on  towards  the  back  of  any  common  household  grate, 
where  the  access  of  direct  draught  to  the  fuel  is  almost  wholly  hindered, 
but  where  it  nevertheless  burns ;  and  it  is  difficult  to  conceive  how  a 
blast,  even  though  delivered  at  the  velocity  due  to  a  pressure  of  even  5  or 
6  inches  of  mercury,  can,  through  a  mass  of  close-packed  and  irregular 
fragments  of  often  agglutinated  coke  or  coal,  reach  the  central  parts  of 
either  cupola  or  blast  furnace  except  through  this  sort  of  cementation 
action.  Without  pursuing  this  speculation,  however,  it  is  certain  that 
an  extreme  velocity  of  blast,  which  is  usually  accompanied  by  a  very 
small  aperture  of  twyer,  is  useless,  wasteful  of  power  in  its  production, 
and  attended  with  the  inconvenience  of  chilling  the  fuel  upon  which  it 
first  impinges ;  so  that  the  twyer  hole  in  the  furnace  requires  to  be 
frequently  cleared  of  lumps  of  slag,  &c,  which,  though  close  to 
intensely  white-hot  coke  farther  in,  may  be  seen  cooled  to  blackness  by 
the  sharp  blast  close  to  the  twyer-pipe  nozzle. 

A  pressure  equal  to  from  2  to  3  inches  of  mercury  seems  ample  for 
all  .foundry  purposes;  and  a  good  deal  less,  especially  with  coke  of  soft 
quality,  will  suffice. 

Whether  the  blast  be  produced  by  blast  cylinder  or  by  the  fan 
appears  unimportant,  so  far  as  its  quality  and  quantity  are  concerned. 
The  fan  is  the  least  costly  instrument  and  the  cheapest  to  keep  in 
repair,  and  perhaps  supplies  a  given  weight  of  air  at  given  moderate 
pressure  with  as  small  a  total  expenditure  of  power  as  if  produced  by 
the  blast  cylinder.  Two  conditions  do  appear  to  us  very  important  in 
the  blowing  apparatus,  however — namely,  that  it  should  supply  a  per- 
fectly uniform  blast,  and  that  the  air  supplied  should  be  free  from 
moisture  mechanically  carried  along  with  it. 

In  many  of  the  older  foundries  a  single  blast  cylinder,  usually  double- 
acting,  is  even  still  employed,  worked  slowly,  often  directly  from  the 
beam  of  the  Boulton  &  Watt  steam  engine,  being  placed  above  it  over 
the  steam  cylinder.  Probably  through  too  large  exit  apertures  in  relation 
to  the  cylinder  capacity,  and  want  of  a  sufficient-sized  regulator,  we  have 
observed  such  cylinders  always  give  an  irregular  panting  blast.  Blast 
cylinders  on  the  plan  of  those  constructed  long  since  by  Boulton  &  Watt 
for  the  forge  of  Woolwich  Dockyard — viz.,  three  single-acting  cylinders, 
actuated  from  a  three  throw  crank,  with  a  regulator  consisting  of  a 
fourth  cylinder,  with  a  loaded  piston  floating  upon  the  air  condensed 
into  it  by  the  other  three — give  a  very  equable  and  powerful  blast,  and 
when  fitted,  as  at  Woolwich,  with  slide  valves  moved  by  eccentrics 
to  open  and  close  the  air  passages,  and  not  worked  too  fast,  are  by  no 
means  extravagant  as  to  power,  but  they  are  costly  in  outlay.  Hori- 
zontal cylinders  in  pairs,  each  double-acting,  have  been  much  in  use 
abroad,  and  are  being  applied  increasingly  with  us  at  home.  As  made 
for  the  Bessemer  steel  process,  they  present  good  examples  of  propor- 
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tiou  and  execution,  and  afford  a  very  powerful  blast  (far  beyond  the 
need  of  the  foundry),  with  a  silent  and  rapid  stroke. 

Vertical  double-acting  short-stroke  blast  cylinders  have  also  been 
largely  employed  for  smelting  purposes  in  the  north  of  England,  with 
various  constructions  of  valves,  some  of  which  are  very  bad,  and  such 
as  to  exaggerate  the  evils  which  are  inherent  in  all  very  rapidly 
moving  air  condensing  or  exhausting  cylinders  of  short  stroke. 

A  very  efficient  blowing  apparatus  was  constructed  several  years 
ago  by  the  late  Mr.  George  Forrester  at  the  Vauxhall  Foundry,  Liver- 
pool, and  is,  we  believe,  still  in  use  there. 

We  ourselves  constructed  a  very  similar  apparatus,  and  found  it  to 
give  an  excellent  blast.  It  consisted  of  a  pair  of  double-acting  cylin- 
ders, each  30  inches  diameter  and  36  inches  stroke.  The  pistons  were 
mere  plates,  leather-packed  round  the  edges,  and  were  actuated  by 
two  cranks  set  at  right  angles  to  each  other.  The  valves,  both  of 
ingress  and  egress,  were  very  large  in  area — flaps  made  of  hard  mill- 
board, glued  up  to  about  5  inch  thick,  and  faced  with  leather  rivetted 
through  the  millboard.  The  flaps  were  all  hanging  valves,  the  air 
passages  cast  with  the  tops  of  the  cylinders  and  the  base  plate  bottom. 
The  discbarge  valves  opened  into  a  common  main  fixed  between  the 
cylinders,  and  communicating  downwards  through  the  base  plate  with 
a  large  air  chamber  regulator  by  compression  placed  below  it,  from 
which  the  air  main  to  the  furnaces  was  taken. 

These  cylinders  made  40  to  45  double  strokes  per  minute,  and  gave 
a  blast  almost  perfectly  uniform. 

All  these  blowing  instruments  give  a  reasonably  dry  blast ;  not  so 
those  which  were  formerly  largely  used  and  are  still  employed  in  some 
places — such  as  plungers  moving  in  water  like  small  gasometers,  or 
the  converse  application  of  the  Archimedes  screw,  which  was  long 
employed  by  the  once  celebrated  firm  of  Sharp,  Roberts,  &  Co.,  of 
Manchester. 

In  all  these  and  such  like  machines,  water  in  the  state  of  spray  is 
being  continually  driven  into  the  furnace,  where  it  must  be  dissipated 
in  steam,  or  this  decomposed,  in  both  cases  with  waste  of  fuel. 

Whether  any  injurious  or  other  effect  is  producible  upon  the  iron 
in  the  cupola  by  such  admission  of  water  or  watery  vapour  with  the 
air,  is  a  matter  upon  which,  we  believe,  no  certain  information  exists. 

We  ourselves  ouce  made  the  experiment  of  bringing  a  steam  pipe 
from  an  adjacent  boiler,  carrying  steam  at  about  10  lbs.  pressure  per 
square  inch,  to  each  of  ihe  two  twycrs  of  a  cupola,  and  terminating  by 
a  stopcock. 

The  air  twyers  were  about  3£  or  4  inches  diameter ;  the  steam  pipe 
was  §  inch  gas  tubing.  As  the  twyer  nozzles  did  not  enter  the  still 
larger  twyer  holes  of  the  cupola,  there  was  room  at  one  side  of  each 
twyer  to  turn  in  a  jet  of  steam,  which  was  carried  in  with  the  air  to 
the  furnace,  the  jets  being  regulated  by  the  stopcocks.  The  flame 
from  the  top  of  the  cupola  was  obviously  increased  in  volume,  and  the 
consumption  of  coke  per  ton  melted  was  slightly  increased.  As  respects 
the  cast  iron  itself,  no  clearly  marked  difference  was  observable  by 
ourselves,  melted  with  steam  or  without  it.  Some  experienced  eyes  in 
the  works  in  question,  however,  imagined  that  the  grain  of  the  same 
cast  iron  in  the  same-sized  castings,  waB  closer  when  melted  with 
steam  than  without. 

In  concluding  this  part  of  these  papers  on  practice,  we  ma)-  descend 
to  a  very  small  but  not  unimportant  matter — the  sort  of  tool  best  used 
by  the  furnace-man  in  charging  coke  into  the  cupola.  He  usually 
employs  a  common  square  broad-bladed  shovel.  In  taking  up  the 
coke  with  this  he  takes  up  all  the  "  breeze,"  or  coke  dust,  and  small 
coke  that  may  be  mixed  with  the  heap,  and  a  great  deal  of  dust  and 
dirt  besides.  The  small  coke  and  dust  is  thus  wasted ;  it  is  directly 
blown  out  again;  while  the  dust  and  dirt  shovelled  in  add  to  the 
volume  of  slag,  both  directly  and  by  demanding  a  larger  supply  of 
limestone.  A  much  better  tool  for  handling  the  coke  is  a  fork  made 
of  steel,  like  a  common  dung  fork  nearly,  but  with  eight  or  nine 
prongs,  with  spaces  of  1J  inch  or  so  between  them.  The  prongs,  or 
"  tines,"  should  be  of  steel,  and  be  thin  and  round  for  lightness,  and 
be  rather  more  curved  than  for  agricultural  use.  With  this  tool  coke 
is  lifted  with  greater  ease  than  with  the  shovel,  is  less  broken  in 
thrusting  into  the  heap,  and  undergoes  a  sort  of  sifting  in  being  thus 
lifted,  which  leaves  behind  the  "  breeze  "  and  dirt. 

The  "  breeze  "  is  just  as  good,  if  kept  clean,  for  grinding  into  "  coke 
dust "  for  the  moulders  as  unbroken  coke.  Good  coke  obtained  near 
the  ovens,  or  made  at  the  foundry,  ought  to  have  but  a  very  small  per 
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centage  of  "  breeze "  mixed  with  it ;  but  when  the  coke  has  been 
carried  for  any  considerable  distance,  either  by  rail  or  by  sea,  the 
proportion  of  "breeze"  rises  often  to  from  15  to  18  per  cent,  of  the 
total  weight,  according  as  the  coke  is  of  harder  or  softer  quality. 

The  actual  loss  upon  melting  cast  iron  in  the  foundry — that  is,  the 
difference  in  weight  between  the  pig  iron  and  scrap  cast  iron  charged 
into  the  cupola,  and  what  comes  out  of  it,  and  is  obtained  as  castings, 
gaits,  &c.,  varies  a  good  deal,  chiefly  with  the  quality,  average  size  of 
fragment,  and  cleanness,  degree  of  rust,  &c,  of  the  scrap  cast  iron. 
From  the  weighings  in  a  tolerably  largo  foundry,  maintained  day  by 
day  for  a  long  period,  it  was  as  much  as  6  to  7  per  cent,  loss  on 
the  iron  charged  at  various  periods ;  but  the  average  of  a  long  series 
of  years'  work  showed  a  much  smaller  loss.  The  proportion  of  pig 
iron  and  heavy  pieces  to  scrap  cast  iron  melted  was  as  7  to  13,  and 
the  average  waste  in  melting  only,  was  1-85,  or  say  2  per  cent. 

The  materials  and  mode  of  applying  them  for  lining  and  bottoming 
the  cupola  are  very  important,  and  are  commonly  neglected  in  the 
hands  of  an  ignorant  furnace-man  to  an  extent  that  is  amazing,  con- 
sidering the  loss  of  time  and  of  wages  that  result  from  defectiveness 
in  these. 

In  some  old  foundries  it  was  long  the  habit  to  line  the  cupola  with  a 
solidly  rammed  up  cylindrical  wall  of  damp  refractory  sand,  which  was 
kept  in  form  by  being  rammed  in  between  the  shell  of  the  cupola  and  a 
cylinder  or  other  shaped  frame  of  wood,  made  to  come  to  pieces  after- 
wards, so  as  to  be  readily  withdrawn.  The  refractory  material  was 
what  is  commonly  known  in  the  north  country  as  "  Gannister  ; "  in  the 
southern  shires  it  was  not  unfrequently  the  washed  scrapings  of  the 
flint  roadB,  taken  from  the  clay,  not  the  chalk,  districts. 

We  ourselves  for  many  years  bad  this  method  of  lining  applied  to  a 
range  of  air  furnaces  for  melting  copper  and  brass,  their  cylindrical  in- 
teriors being  about  24  inches  deep  by  13  or  14  inches  diameter,  and  which 
were  held  in  octagonal  cast-iron  shells  or  jackets.  For  these  it  was 
found  to  answer  well ;  but  so  far  as  our  own  observation  has  gone,  we 
do  not  think  the  plan  of  solid  rammed  lining  for  large  cupolas  in  any 
respect  as  good  as  a  lining  with  fire  brick,  or  fitted  fire-clay  blocks  or 
"  lumps."  It  is  difficult  to  insure  perfect  and  uniform  solidity  in  the 
cylindrie  ring  in  all  places,  however  carefully  dried.  The  interior  must 
dry  first,  and  partial  circumferential  cracks  are  superinduced  in  the 
interior  of  the  ring,  leading  often  to  the  splitting  off  of  large  clots 
when  the  furnace  is  put  into  blast.  The  contraction,  also,  is  very 
unequal — the  contact  with  the  shell  is  not  perfect,  and  cracks  and 
fissures  form  that  get  filled  with  metal  or  with  fusible  slag,  which 
reacts  as  a  flux  upon  the  adjacent  parts  of  the  lining  walls  ;  and  so  eats 
these  into  cavities  which  are  more  difficult  to  effectually  fill  and  repair 
than  in  the  case  of  brick  lining.  In  the  large  and  lofty  cupolas,  more- 
over, that  are  nowadays  in  use,  and  surmounted  with  conical  chimneys, 
&c,  neither  the  ramming  nor  the  withdrawal  of  the  wooden  case  are 
easily  accomplished. 

The  chief  advantage  affirmed  for  the  practice  was,  that  a  more  refrac- 
tory and  more  uniform  material  was  thus  secured  for  lining  than  could 
bo  obtained  from  the  makers  of  fire-brick  and  other  fire-clay  goods. 
This  was  in  one  sense  no  doubt  true;  for  "Gannister"  is  very  nearly 
pure  silex,  held  together  by  just  as  much  alumina  and  oxide  of  iron  as 
will  enable  it  at  a  very  high  temperature  to  bake  together  into  a  semi- 
porcellaneous  mass. 

The  mass  of  infusible  clays  all  over  the  world  may  be  represented  by 
the  general  formula — 

Si  +  (Al,  03  +  2  Si  OJ  -4-  II  0„, 

the  proportion  of  water  in  combination  being  very  commonly  H  02  to  the 
equivalent  of  alumina. 

The  mixture  with  these  of  lime,  magnesia,  or  oxide  of  iron,  which 
are  the  usual  heterogeneous  ingredients  of  clays,  increase  the  fusibility 
greatly  in  proportion  to  their  amount. 

The  ancient  experiments  of  Kirwan  on  the  effects  of  mixtures  of 
foreign  matters  with  silicious  clays  in  producing  porcellaneous  or  glassy 
fusibility,  which  are  contained  in  his  "  System  of  Mineralogy,"  are  of  the 
highest  interest  and  value,  although  they  have  been  greatly  overlooked. 

The  infusibility  of  clays  depends  greatly  upon  their  state  of  aggrega- 
tion, and  especially  of  that  of  the  silex  they  may  contain.  This  is  made 
very  striking  by  comparing  the  analyses  of  the  well-known  Hessian 
crucibles  with  the  Lambeth  Pottery  of  Doulton  &  Co.  The  chemical 
composition  is  not  very  different  in  the  two,  yet  the  first  do  not  melt 


before  being  exposed  to  a  heat  sufficient  to  melt  cast  steel,  while  the 
latter  doubles  up  like  leather  at  a  heat  not  much  above  that  of  fusion  of 
cast  iron. 

ANALYSES. 

Hessian  Crucible.  Lambeth  Fottcry. 

Silica, 71  ...  7400 

Alumina, 25  ...  2204 

Oxide  of  iron, 4  ..  200 

Lime, —  ...  060 

Soda  and  Potash, —  ...  1-06 

Magnesia, —  ...  0-17 

Thus  under  2  per  cent,  of  the  three  last  bodies,  together  with  the 
difference  in  aggregation,  make  all  the  difference.  The  clay  for  the 
Hessian  crucibles  is  only  hand  "  pugged  " — it  is  full  of  hard  siliciou6 
granules,  diffused  in  a  more  clayey  paste ;  the  Pottery  clay,  naturally 
fine,  is  ground  and  mixed  into  a  thoroughly  homogeneous  plastic  mass : 
the  one  with  difficulty  softens,  the  other  gets  soft,  porcellaneous,  and 
then  melts. 

The  tire-blocks  made  and  employed  at  Swansea  for  the  arches  of 
the  reverberatory  copper  smelting  furnaces  are  made  from  a  material 
obtained  in  the  neighbourhood  very  much  resembling  that  of  the  Hessian 
crucibles. 

The  following  analyses  give  the  essential  constituents  of  some  of  the 
most  refractory  clays  for  lining  furnaces,  or  crucibles  employed  in 
Europe  : — 

Locality.  Silica.  Alumina.         Oxd.  Iron. 

Bohemian  Glass  Pots, 68  ...  29  ...  2 

Nemours  Glass  Pots 67  ...  32  ...  1 

English  cast-steel  crucible, 71  ...  23  ...  4 

St.  Etienne  cast-steel  crucible, 65  ...  25  ...  7 

Gros  Almerode  crucible, 71  ...  25  ...  4 

Bcaufays                 do.,    65  ...  34  ...  1U 

Savegnies                do.,    72  ...  19  ...  4 

It  is  thus  obvious  that  a  good  deal  of  latitude  in  the  proportions 
merely  of  silica  and  alumina  may  co-exist  with  great  infusibility. 

The  best  Stourbridge  clay,  as  analyzed  by  Berthier  and  Salvetat, 
gave  the  following  results  ■ — 

Berthier.  Salvetat. 

Combined  Water 10-3  ...  17-34 

Silica, 637  ...  4525 

Alumina 207  ...  2877 

Oxidelron, 40  ...  772 

Lime, —  ...  0-47 

And  the  seven  beds  of  "  coal  seat "  from  near  Newcastle,  from  which 
the  celebrated  coal  gas  retorts  and  other  great  fire-proof  wares  are  made 
by  Messrs.  Joseph  Cowan  &  Co.,  of  Blaydon,  present  the  following 
differences  of  composition  : — 


Constituents. 

i. 

2. 

3. 

4. 

5. 

li. 

7. 

Silica,         

51-10 

47-55 

48-55 

51-11 

71-28 

83-29 

69-25 

Alumina,    

31-35 

29-50 

30-25 

30-40 

17-75 

8-10 

17-90 

Oxide  of  Iron,    

Lime, 

4-63 
1-46 

913 
1-34 

406 
1-66 

4-91 
1-76 

l  2-43 

1-88 

2-97 

Magnesia, 

1-54 

0-71 

1-91 

trace. 

2-30 

299 

1-30 

Water  &  organic  matter, 

10-47 

12-01 

10-67 

12-29 

6-94 

3-64 

7-50 

The  large  amount  of  organic  matter,  chiefly  vegetable  impressions  of 
carbonaceous  matter,  is  remarkable  in  these  clays ;  and  it  is  probably 
to  the  diffusion  of  this  that  such  large  materials  as  coal  gas  retorts  of  8 
feet  long  and  3  feet  diameter  can  be  made  without  cracking  in  the  firing. 

The  most  remarkable  fire-bricks  that  have  come  under  our  notice 
are  those  produced  by  Messrs.  Vigan  and  Company  at  Duisburg,  in 
Westphalia.  They  are  largely  employed  in  Germany,  wherever 
extreme  refractoriness  is  demanded.  Three  or  four  different  qualities 
are  supplied.  The  most  refractory,  it  is  alleged,  are  made  in  part 
of  some  "fire  fest "  material  imported  from  Sweden ;  and  these 
bricks  are  less  hard  than  the  more  fusible  ones,  and  show  a  rougher 
fracture.  They  are  machine-made,  beautifully  square,  and  free  from 
twist  or  warp,  and  are  not  quite  so  heavy  as  machine-made  Stourbridge 
bricks,  but  are  far  more  difficultly  fusible.  They  bear  a  strong  resem- 
blance to  the  silicious  or  stone  bricks  and  lumps  made  in  South  Wales 
for  the  iron  and  copper  works,  and  though  not  red  in  colour,  are  in 
composition  probably  not  much  different  from  the  Windsor  fire-bricks, 
the  compositions  of  all  which  are  as  follows  :  — 
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Alumina,  with  traces  of  oxide 

L'enydarran. 

Neath. 

Windsor. 

91-05 
4-55 

100 
traces. 

91-95 

805 

traces. 

84-65 

1310 
2  25 

These  bricks  are,  in  fact,  almost  identical  with  "Gannister,"  and 
probably  quite  as  infusible.  Messrs.  Vigan's  bricks  were  exhibited  in 
London  in  1862. 

A  very  well-looking  fire-brick  has  been  manufactured  in  Ireland  at 
the  Coal  Island  Colleries,  Co.  Tyrone,  which  answers  tolerably  for  iron 
furnaces;  but  owing  to  its  richness  in  alumina  and  lime,  we  ourselves 
found  it  valueless  for  lead  smelting  furnaces,  in  which  they  got  honey- 
combed into  glass  very  rapidly.  Excellent  fire-brick  is  manufactured 
also  in  Scotland  from  the  Garnkirk  fire-clay,  but  it  has,  though  in  a  less 
degree,  the  same  defect. 

Having  thus  briefly  pointed  out  the  chief  conditions  upon  which  the 
goodness  and  durability  of  the  fire-brick  itself  depends,  it  remains  to  add 
a  few  words  npon  the  best  modes  of  application  in  the  cupola. 

Square  (parallelopipedal)  bricks  should  never  be  used  for  lining,  if 
wedge  brick  can  be  procured.  If  the  latter  be  unattainable  (as  may 
happen  in  colonial  founding,  &c),  then  the  square  bricks  should  be 
bedded  into  the  lining  walls,  all  as  "  headers  "  laid  on  the  flat  (not  on 
edge,  ncr  on  end),  and  should  break  joint  course  over  course  at  the  inside 
face  of  the  work,  which,  however  built,  should  never  in  any  cupola  be  less 
than  one  brick,  or  9  to  10  inches  thick,  allowing  for  the  backing  of  fire- 
clay against  the  shell  of  the  cupola.  Wedge  brick  should  be  laid  and 
bedded  in  the  same  way — the  narrow  ends  inwards,  of  course — and  no 
fire-clay  joint  should  be  more  than  a  quarter  of  an  inch  in  thickness. 
In  fact,  the  best  furnace-man  we  ever  knew  never  used  pasty  fire-clay 
or  the  trowel  in  making  his  wedge  brick  joints  at  all ;  he  dipped  each 
brick  (after  he  had  nearly  fitted  in  place  the  whole  course  dry)  into  a 
tab  of  finely  ground  fire-clay  cream,  and  then  rubbed  them  close 
together  in  the  joints,  and  only  closed  up  the  last  vertical  radial  joint 
with  bits  of  broken  brick,  if  necessary,  and  some  of  his  same  cream ; 
and  his  backing  against  the  shell  of  the  cupola  was  made  in  the  same 
manner.  His  furnaces,  thus  lined,  stood  much  longer,  and  with  less 
labour  for  repairs  day  by  day,  and  with  smoother  walls  than  any  of  the 
others  lined  in  the  common  mode  of  bedding  in  the  bricks  with  fire-clay 
as  a  bricklayer  does  in  a  mortar  built  wall. 

Of  late  years,  in  the  Midland  districts  at  least,  and  perhaps  elsewhere, 
circular  segments  of  annular  blocks  are  made  to  several  different  sizes 
for  lining  cupolas  and  other  cylindric  furnaces,  each  block  being  about 
12  inches  in  vertical  dimension,  and  horizontally  about  7  or  8  inches 
thick,  and  going  round  one-fourth  or  one-sixth  of  the  circumference. 
Such  blocks,  when  carefully  jointed  at  the  abutting  ends  with  fine 
fire-clay,  need  no  backing  but  some  solidly  poured  in,  or  laid  in,  dry 
silicious  sand.  They  wear  a  good  deal  longer  than  even  wedge  bricks, 
and  need  less  daily  repair,  but  are  a  good  deal  more  expensive  in 
original  cost,  and  do  not  bear  distant  carriage  well  without  getting 
chipped  and  broken. 

It  is  advantageous  in  any  case  to  provide  fire-lumps,  formed  wedge- 
shaped  at  both  sides  (as  they  stand  on  their  bed),  and  perforated  with 
a  sufficient  sized  hole  to  enable  the  twyer  hole  to  be  at  once  constructed 
by  laying  in  such  a  block,  along  with  the  wedge  bricks  or  other  lining 
blocks ;  for  much  time  in  forming  the  twyer  hole  is  thus  economized, 
and  it  wears  better  and  stands  poking  to  clear  clinkers  better  than  an 
irregular  aperture  formed  in  the  wedge  brickwork  alone.  Such  blocks 
are  easily  procured.  They  should  be  in  altitude,  when  standing  on 
their  bed,  equal  to  about  three  to  four  courses  of  wedge  brick,,  so  as  to 
work  into  bond  with  the  latter. 

Whatever  be  the  nature  of  the  lining  brick  or  blocks  employed,  the 
fire-clay  nsed  for  bedding  them  in  place  should,  if  possible,  be  of  the 
identical  cla.y  from  which  the  bricks  or  blocks  themselves  have  been  made. 
If  this  be  attended  to,  it  is  certain  that  there  can  be  little  or  no  chemical 
reactions  at  a  high  temperature  between  the  brick  and  its  bedding  clay 
tending  to  make  the  former  fuse  more  readily ;  while,  on  the  contrary, 
if  neglected,  the  fire-clay  may  be  of  a  quality  to  accelerate  the  destruc- 
tion of  the  brick  lining.  So  also  the  fine  clay  for  bedding  should  be 
kept  under  cover  on  a  flagged  or  plated  floor,  free  from  dirt  or  admixture 
of  any  sort.  The  above  analyses  suffice  to  6how  how  small  an  acci- 
dental mixture  with  lime  or  salt,  or  iron  borings  in  a  rusty  state,  or  a 


dozen  other  things  always  found  knocking  about  foundries,  can  greatly 
deteriorate  the  infusible  qualities  of  fire-clay. 

For  a  like  reason  a  practice  quite  habitual  in  many  foundries  of 
grinding  up  indiscriminately  in  the  "clay  mill"  the  old  brickbats  and 
stuflf  pulled  out  of  the  worn-out  cupola  linings,  and  using  the  paste 
mixed  witli  some  new  fire-clay,  for  the  bedding  material  of  the  new 
lining  brick  should  never  be  sanctioned.  It  is  an  utterly  false  economy, 
wasteful,  in  reality,  both  in  material  and  wages.  If  the  "  fire  bats" 
be  hand-picked,  and  all  slag  or  foreign  matter  broken  off  from  each 
before  grinding,  as  is  the  practice,  to  a  small  extent,  in  using  up  old 
glass  pots  and  cast  steel  crucibles  in  such  works  respectively,  less 
objection  lies  to  it ;  but  this  demands  an  amount  of  care  on  the  part  of 
the  labourer  that  the  material  is  scarcely  worth,  even  could  it  be 
always  insured. 

As  respects  the  bottoming  for  the  cupola,  nothing  seems  to  answer 
better  than  the  loamy  damp  sand  ordinarily  employed.  As  it  is 
removed  and  new  put  in  almost  daily,  there  is  not  time  for  any  very 
serious  removal  of  it  by  fusion ;  and  the  more  so,  because  it  only 
comes  in  contact  with  the  liquid  iron  and  more  or  less  cokes,  in  the 
bottom  of  the  cupola.  The  sand  for  this  purpose  should  not  contain 
more  than  5  to  8  per  cent,  of  clay,  otherwise  it  bakes  so  hard  all 
through  as  to  be  broken  up  and  removed  with  difficulty  when  worn 
too  thin. 

The  bottoming  should  bo  well  rammed  over  the  whole  iron  or  brick 
bottom  of  the  cupola,  and  particularly  well  brought  into  close  contact 
with  the  lining  walls  all  round.  The  rammer  best  used  is  an  ordinary 
sand  moulder's  cast-iron  round-faced  rammer  of  large  size,  with  wooden 
handle  shortened  for  the  purpose.  The  floor  or  bottoming  should  be 
a  little,  lj  or  so,  hollowed  from  the  circumference  towards  the 
centre,  and  should  all  slope  towards  the  "  shoot,"  or  tapping  out  side, 
with  a  fall  of  2  to  3  inches  in  the  diameter  of  the  cupola. 

The  long-continued  high  temperature  and  the  pressure  under  the 
head  of  liquid  iron  to  which  the  bottoming  is  exposed,  produce  some 
curious  effects  upon  the  loamy  sand,  and  which  are  of  considerable 
interest  and  suggestiveness  to  the  physical  geologist.  As  rammed  in, 
the  sand  is  like  most  brown  "  rabbit  sands."  After  a  few  hours'  work, 
especially  if  the  bottom  be  a  very  thick  one — say  eight  or  nine  inches — 
and  used  without  change  for  several  spells  of  melting,  when  broken  up 
it  is  found  reduced  to  the  state  of  a  pure  white  sand  or  grit  stone.  A 
vertical  section  presents  at  top  a  thin  crust  of  dark  green  and  brown 
glass,  or  slag,  with  spherules  of  metallic  cast  iron  imbedded  here  and 
there.  Below  this  is  a  grit  stone  as  hard  as  a  grindstone,  and  that 
readily  strikes  fire  with  steel.  This  passes  insensibly  into  a  less  and 
less  hard  coherent  sand  stone,  until  at  bottom,  and  in  contact  with  the 
iron  bottom  of  the  cupola,  incoherent  sand  is  found,  nearly  white ;  or 
if  the  temperature  or  time  of  heating  have  been  less,  the  original  brown 
loamy  sand  may  be  found  next  the  bottom,  unaltered  or  nearly  so. 

The  uppermost  and  most  heated  part,  which  has  got  baked  into  a 
porcellaneous  grit,  has,  in  becoming  denser,  inevitably  contracted.  In 
doing  this  it  assumes  a  columnar  structure  in  a  vertical  direction,  by 
which  the  whole  mass  becomes  divided  by  fissures  disappearing  in  depth 
and  filled  from  above  with  injected  glassy  slag;  so  that,  if  broken  horizon- 
tally, the  bottoming  presents  the  appearance  of  an  irregular  tessellation 
of  white  sandstone,  jointed  with  greenish  or  brownish  glass.  Each  of 
these  joints  has  yielded  silex  and  oxide  of  iron  to  the  sandstone  imme- 
diately adjacent  to  it ;  and  thus  along  each  such  glassy  joint  an  areola 
of  more  glistening  and  more  perfectly  porcellaneous  sandstone  is  formed 
by  this  cementation  and  partial  fusion. 

To  a  thoughtful  man  the  fragments  of  even  a  torn-out  cupola  floor 
are  thus  full  of  lessons  and  of  pleasure  in  gathering  them.  We  must 
not  forget,  however,  that  these  are  practical  papers,  and  not  permit 
ourselves  to  digress  into  science  not  applied  by  the  iroufounder. 

A  cupola  bottom  becomes  dangerously  thin  when  worn  down  any- 
where to  about  three  inches,  and  is  best  kept  at  double  that  thickness. 

Almost  the  oidy  drawback  to  the  cupola  with  a  falling  trap  bottom 
arises  from  the  fact  that  the  bottoming  must  be  kept  pretty  thin,  or 
there  is  difficulty  in  getting  it  to  crush  down  and  yield  under  the  super- 
incumbent load  of  coke,  &c,  when  the  day's  work  is  done ;  but  as  in 
this  sort  of  cupola  the  bottoming  is  only  used  for  one  day,  and  a  new 
one  put  in  every  morning,  so  there  is  not  time  for  much  wear  by  fusion. 
On  the  other  hand,  however,  some  danger  of  a  thin  bottoming  with  a 
movable  iron  trap  bottom  to  the  cupola  must  always  be  present.  We 
should  prefer  an  ordinarily  thick  bottoming,  and  if  it  refused  to  yield 
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and  crush  down  on  releasing  the  trap  bottom,  to  provide  the  means  of 
breaking  it  up  by  a  suitable  tool  like  a  pick  from  beneath. 

We  have  now  pretty  well  discussed  all  the  more  important  points 
that  regard  the  construction  and  working  of  the  cupola  itself.  Let  us 
now  proceed  to  consider  its  position  in  reference  to  the  moulding  floor, 
pits,  &c,  and  the  methods  of  transporting  the  liquid  metal  from  it  into 
the  moulds.  In  this  we  may  have  to  make  some  incidental  references 
to  iron  foundry  cranes,  as  to  which  we  shall  reserve  more  general 
remarks  to  a  later  period. — Ed. 


SUBWAYS  UNDER  STREET  PAVEMENTS. 

Theke  have  been  few  more  flagrant  examples  of  the  way  in  which 
(not  exceptionally,  but  frequently,  so  as  to  approach  to  make  the  rule) 
the  interest  of  the  public  is  sacrificed,  real  improvements  hindered,  and 
public  funds  squandered,  by  the  conflict  of  private  interests,  and 
through  the  want  of  a  competent  and  controlling  tribunal  in  matters  of 
Metropolitan  engineering,  than  the  case  of  the  subways  beneath  the 
new  Southwark  Street  presents.  The  Metropolitan  Board  of  Works, 
acting,  no  doubt,  under  the  advice  of  Mr.  Bazalgette  their  able  engineer, 
proposed  to  construct,  and  actually  did  construct,  under  the  new  street 
of  Southwark,  a  subway  or  continuous  arched  culvert,  designed  to 
contain  all  the  water  mains,  gas  pipes,  and  telegraph  wires,  so  that  by 
providing  easy  'access  to  these  at  all  times,  the  ruthless  destruction  of 
well  laid  pavement  which  we  daily  see  going  on  in  all  other  London 
streets  might  be  avoided,  in  great  part  at  least,  and  those  obstructions 
to  traffic  which  occur  periodically  and  which  cluster  chiefly  about  the 
autumn  time  of  year  should  no  longer  be  needful.  The  Board  sought 
to  compel  the  gas  and  water  companies  to  place  their  pipes  within  the 
subways  only.  A  powerful  combination  of  gas  and  water  interests 
was  at  once  formed  and  banded  against  their  views. 

The  genuine  reason  for  this  was  pretty  obvious.  The  new  practice 
would  involve  several  matters  touching  the  respective  interests  and  the 
mutual  jealousies  of  those  gas  and  water  companies.  It  would  require 
forethought  and  skill,  in  deciding  on  the  calibres,  in  the  mode  of  laying 
and  jointing  of  their  pipes,  and  various  minor  changes  in  detail  as  to 
branches  and  other  like  things,  to  which  managers  and  so  forth,  accus- 
tomed to  the  present  easy,  rough  and  ready  rule  of  thumb  plan  of 
laying  down,  how  and  when  the  hand  to  mouth  want  shows  itself,  and 
laying  in  the  careless  way  that  characterizes  the  pipe  laying  that  is 
buried  in  earth  as  fast  as  the  joints  are  made,  could  not  be  reconciled. 

It  did  worse  than  this  in  the  eyes  of  financial  managers,  secretaries, 
and  directors,  for  it  would  put  all  the  rival  gas  and  water  companies 
nearly  on  a  par  as  respects  the  public  ;  so  that  whereas  at  present  but 
a  little  jockeying  management  is  wanted  in  choosing  positions  and 
laying  mains  under  the  streets,  almost  at  the  will  and  pleasure  of  the 
companies,  in  such  a  manner  as  to  best  cut  off  access  to  consumers 
from  a  rival's  mains;  in  the  projected  and  hateful  subway  all  the  gas 
mains,  all  the  water  mains,  would  lie  in  one  common  sepulchre  along- 
side each  other,  and  all  equally  accessible  to  any  one  along  either  side 
of  the  street.  Thus  it  -would  happen  that  a  gas,  which  Dr.  Letheby 
might  report  to  be  "  largely  below  the  standard  "  and  liberally  perhaps 
diluted  with  air,  and  the  only  fault  that  Bodkin  the  tailor,  or  Sprout  the 
green  grocer,-  had  knowledge  enough  to  find  with  which  was,  that  it 
gave  him  no  light  (though  his  meter  duly  went  round,  and  the  coin  at  its 
bidding  was  extracted  from  bis  pocket),  would  rapidly  because  readily 
be  deserted,  in  favour  of  that  of  better  quality  in  the  main  close  along- 
side that  of  the  former. 

One  would  have  said  this  was  a  public  advantage.  It  was  obviously 
one  not  palatable  to  the  supplyers  to  the  public  of  gas.  These,  and 
other  the  like,  were  the  true  reasons  for  the  opposition  before  the 
Select  Committee  of  1864  on  Subways,  but  it  would  never  do  to  have 
blurted  these  out.  No,  no;  we  must  assume  a  virtue  if  we  have  it  not 
— the  pretext  (whatever  be  the  reason)  for  opposition  must  be  the 
public  good  only. 

Accordingly,  the  water  companies  waged  their  battle  mainly  under 
the  shield  of  the  gas  companies;  and  these  volunteer  cediles,  full  of  their 
self-imposed  mission,  tie  respublica  ulla  detrimenii  caperet,  declare 
through  the  mouths  of  some  of  the  most  eminent  of  the  London 
engineers,  and  through  that  of  M.  Belgrand,  whom  a  writer  in  the 
Times  (Pars  Altera,  January  16,  1866)  amusingly  enough  styles, 
"  Engineer  in  Chief  of  the  Ponts  and  of  Chaussccs,  Paris  {sic},'"  declare 


that  subways  are  dangerous ;  that  to  put  gas  pipes  into  a  subway  is  so 
dangerous,  that  "  no  one  would  think  of  doing  so  in  any  city  where  the 
life  of  man  is  taken  any  account  of." 

It  seems,  if  we  may  take  the  testimony  of  Lord  Grey  de  Wilton 
(also  in  the  Times),  who  was  a  member  of  the  Select  Committee,  and 
therefore  ought  to  be  well  informed,  that  the  design  for  the  subways 
brought  before  them  appeared  too  small  in  cross  section  to  meet  the 
requirements  shown.  Moved  by  this,  as  urged  by  Messrs.  Hawksley, 
Bateman,  Simpson,  Haywood,  and  other  engineers,  and  by  twenty  or 
thirty  counsel  representing  the  several  companies,  the  committee 
gave  indeed  power  to  make  the  subways,  but  none  to  compel  the  gas 
and  water  companies  to  adopt  them  for  their  future  mains.  The  victory 
was  for  the  time  achieved  ;  under  the  unrepealed  powers  of  the  old 
acts  they  retain  the  power  to  break  up  the  street,  and  have  already 
exercised  it  by  destroying  the  magnificent  pavement  and  its  foundation 
of  concrete,  laid  by  the  Metropolitan  Board,  whose  subways  remain 
tenantless.      This  is  certainly  a  lamentable  result,  however  viewed. 

Before  quitting  the  Parliamentary  fight,  let  us  be  just  to  the  opponents 
by  repeating  what  their  advocate  Pars  Altera,  in  the  Times,  says  was 
a  serious  ground  of  objection  to  the  measure  as  proposed  in  1864  : — 

The  bill  "contained  a  provision,  not  without  importance  to  the  parties 
subjected  to  its  operation.  The  companies  were  to  pay  a  rent  for  the 
use  of  the  subways  equal  to  4  per  cent,  on  the  entire  cost  of  their  con- 
struction. I  know  not  what  portion  of  the  600,000/.,  the  alleged  cost 
of  the  new  street,  is  to  be  allotted  to  the  formation  of  the  subways,  but 
this,  at  least,  is  certain,  the  rent  charged  would  far  exceed  in  the  case 
of  the  Southwark  Street  all  the  rates  to  be  drawn  by  the  companies 
from  the  residents  or  buildings  in  the  street.  The  fact  is,  the  bill  was 
both  arbitrary  in  its  provisions  and  drawn  without  sufficient  knowledge, 
of  the  facts." 

If  this  be  sustainable,  there  can  be  no  doubt  that  on  this  ground  only 
the  opposition  of  the  companies  was  justifiable.  The  cost  of  subways, 
which  are  for  the  benefit  of  the  whole  public,  should  be  paid  for  by 
the  whole,  rateably  and  fairly,  and  not  by  any  local  or  oppressive 
impost,  and  certainly  not  by  one  solely  levied  by  the  gas  and  water 
companies. 

The  Times,  in  a  leader  discussing  this  question,  says,  very  pertinently, 
that  the  Select  Committee  did  not  pronounce  any  condemnation  of 
subways  : — 

"The  committee  were  merely  of  opinion  that  the  particular  subways 
under  Southwark  Street  were  of  so  insufficient  a  size  that  they  would 
be  too  much  crowded  with  pipes  to  allow  of  their  being  properly  venti- 
lated or  kept  in  order.  If  such  was  the  motive  of  the  committee,  we 
can  only  say  that  it  was  excessively  unreasonable.  We  find,  on 
referring  to  the  report  of  evidence  presented  by  the  committee  to  the 
House  of  Commons,  that  the  Metropolitan  Board  distinctly  offered  to 
enlarge  the  subways  already  constructed  to  any  size  that  might  be 
necessary,  and  in  making  any  new  subways  to  obtain  an  estimate  from 
the  gas  and  water  companies  of  the  space  they  would  require,  and  to 
construct  accordingly.  After  such  an  offer,  the  objection  of  the  com- 
mittee is  perfectly  futile.  If  the  only  danger  arose  from  the  size  of  the 
subway,  they  had  merely  to  require  its  enlargement,  and  the  difficulty 
would  at  once  have  been  obviated.  It  is  to  be  hoped  that  if  a  future 
committee  are  of  opinion,  like  Lord  Grey  de  Wilton,  that  it  is  very 
desirable  subways  should  not  only  be  constructed  but  be  used,  they  will 
remember  that  they  can  require  them  to  be  made  of  any  size  and 
with  any  arrangements  for  safety  or  convenience  they  may  judge 
necessary." 

In  this  we  quite  coincide,  but  cannot  help  expressing  the  opinion 
that,  if  the  conclusion  of  the  committee  was  thus  limited,  a  wiser  result 
would  have  been  to  have  sanctioned  the  principle  of  subways,  and 
carried  that  to  its  legitimate  conclusion  of  making  their  use  compulsory 
upon  the  gas  and  other  companies,  but  leaving  the  particular  dimensions 
and  design  for  the  construction  of  this  Southwark  subway  to  be  decided 
upon  by  the  Metropolitan  Board,  aided  or  perhaps  controlled  by  some 
competent  other  tribunal,  with  all  due  engineering  assistance. 

Now,  what  are  the  broad  points  in  favour  of  and  against  subways, 
that  can  be  honestly  urged? 

Smallness  is  not  an  objection  at  all,  it  is  but  a  question  of  more  or 
less  money ;  and  it  is  plain  that  a  subway,  to  be  of  genuine  use  and 
convenience,  must  afford  ample  room  to  get  readily  at  all  the  pipes,  to 
attach  branches,  execute  alterations  or  repairs,  remove  pipes,  relay 
them  of  increased  calibres,  &c. 


March  1,  lSCb\ 


THE   PRACTICAL   MECHANIC'S  JOURNAL. 


357 


Each  gas  company,  each  water  company,  ought  to  have  its  own  long 
and  narrow  domain,  exclusively  its  own  within  the  subway,  and  with 
room  to  spare  for  future  enlargements  of  trade.  The  water  mains 
ought  not  to  be  laid  close  to  the  gas  mains,  and  in  no  case  should  they 
be  mixed  up  together. 

All  this,  without  saying  anything  of  telegraph  wires,  will  involve  a 
large  space  and  serious  cost,  but  not  such,  we  think,  as  should  be 
prohibitory  in  view  of  certain  and  great  advantages. 

Then,  as  respects  the  latter,  it  is  alleged  the  subways  will  effect  but 
little  to  prevent  the  breaking  up  of  the  streets,  for  transverse  branch 
pipes  must  still  be  laid,  and  unless  a  subway  across  the  street  is  to  be 
made  for  every  house  nearly,  the  street  must  still  be  broken  up  for  these. 

We  shall  not  go  into  constructive  details  in  any  attempt  to  show 
how  this  may  be  met,  but  simply  say,  were  the  objection  granted  fully, 
it  avails  nothing  against  the  grand  primary  argument  in  favour  of 
subways,  which,  as  it  presents  itself  to  us,  we  deduce  from  the  very 
argument  employed  by  the  gas  companies  against  them.  We  shall, 
however,  just  point  out  this: — -That  whenever  subways  shall  be  per- 
fected and  employed  properly,  they  must  be  viewed  as  merely  the 
contimious  carriers  to  the  very  end  of  the  gas  and  water  supply,  and 
that  each  separate  street,  en  route,  should  have  a  continuous  service 
main  for  gas  and  for  water  carried  along  each  side  under  the  footways, 
and  in  communication  with  the  great  subway  mains  at  a  few  distant 
points.  By  this  means  no  breaking  up  of  pavement  for  frequent  cross 
branches  would  be  necessary,  and  all  service  pipes  from  houses  taken 
from  under  the  footways  only. 

The  inevitable  effect  of  laying  gas  pipes  in  subways,  in  place  of 
burying  them  under  the  earth  of  our  streets  and  roads,  will  be,  to  compel 
such  changes  and  improvements  in  the  pipes  themselves,  and  in  the 
methods  of  laying  and  jointing  them,  as  shall  preclude  leakage,  except 
such  as  may  occur  of  a  purely  exceptional  or  accidental  character. 

At  present,  such  is  the  carelessness  with  which  gas  mains  are  cast 
and  jointed,  such  the  unavoidable  after  effects  of  the  subsidence  of  the 
ground  in  which  they  are  buried,  and  of  the  hammering  the  pipes 
receive  from  the  traffic  overhead,  that  leakage  to  a  most  enormous 
extent  is  indeed  inevitable.  The  loss  thus  suffered  has  been  variously 
estimated,  from  all  causes,  and  probably  is  not  under  10  per  cent,  of 
the  total  volume  passed  through  the  pipes.  The  consumer  in  the  end 
pays  for  this — that  is,  for  every  1000  cubic  feet  he  burns,  he  has  to  pay, 
we  will  assume,  for  1100 — but  that  is  the  least  of  the  evil.  What 
becomes  of  the  gas  that  escapes?  Much  of  it  in  the  end,  slowly  or 
rapidly,  finds  its  way  into  the  atmosphere  through  chinks  and  crannies 
in  the  roadways,  or  in  sunk-area  walls,  or  by  tho  bases  of  lamp  posts 
and  spuds,  and  by  a  thousand  other  channels. 

But  in  its  passage  it  gradually  saturates  the  soil  for  yards  round  with 
poison  ;  the  very  water  in  the  water  mains  adjacent,  it  has  been  said 
upon  authority  (we  do  not  vouch  for  it),  gets  occasionally  surcharged 
with  the  most  poisonous  constituents  of  the  highly  impure  gas  supplied 
in  London.  That  shallow  wells,  and  water  in  underground  tanks,  do 
get  so  contaminated  there  is  no  doubt.  What  change  in  a  decimal 
figure  representing  the  unhealthiness  of  London  generally,  might  arise 
from  the  removal  of  this  one  wholesale,  unseen,  insidious,  and  impos- 
sible-to-guard-against  poison  ! 

It  has  been  given  in  evidence  by  competent  men,  worthy  of  all 
respect  from  their  practical  acquaintance  with  this  subject,  that  the 
saturation  of  the  soil  under  London  by  the  poisons  of  impure  coal  gas 
is  constantly  extending  in  range  and  deepening  in  intensity  ;  and  the 
opinion  has  been  uttered  by  men  not  given  to  exaggerate,  that  it  is 
only  a  question  of  time,  under  the  existing  state  of  things,  when  this 
saturation  with  poison  more  or  less  volatile  shall  render  certain  parts 
of  London  pestilential  always,  if  not  ultimately  like  the  Roman 
G'ampagna,  uninhabitable. 

The  subway  may  not  cure  this,  for  we  can  scarcely  hope  to  see  the 
day  when  it  may  universally  supersede  the  present  gas  main,  but  it  is 
the  only  mode  to  prevent  the  spread  of  the  evil,  and  of  ultimately 
perhaps  removing  it  entirely. 

We  admit  that  it  is  impossible  to  preveut  leakage,  and  great  leakage, 
from  the  gas  mains  as  now  laid ;  but  we  deny  that  there  is  any  serious 
difficulty  in  so  laying  gas  mains  in  subways  that  there  shall  be  abso- 
lutely no  leakage  at  all.  The  work  must  be,  ab  origine,  different  and 
better  and  more  carefully  done.  The  subsidence  and  the  vibration 
which  shakes  out  of  contact  the  lead  and  iron  at  every  joint  now,  will 
be  at  an  end ;   and  when  a  leakage  may  occur  it  will  be  at  once 


discovered,  for  the  subways  ought  to  be  under  hourly  inspection.  Coal- 
pit ventilation  must  be  employed  with  any  properly  constructed  subway 
that  is  to  contain  gas  pipes.  This  must  carry  a  constant  draft  of  fresh 
air  through  every  part  at  a  velocity  of  4  or  5  feet  per  second,  capable 
at  will  and  at  a  moment's  notice  by  telegraph  from  the  underground 
inspector  on  duty,  of  being  increased  to  a  storm  of  10  or  1 5  feet  per  secoii'l ; 
so  that  in  the  worst  conceivable  case  of  leakage,  the  sudden  destruction 
of  a  portion  of  a  large  gas  main,  the  escaped  gas  may  be  swept  away 
with  a  rapidity  that  shall  preclude  the  possibility  of  formation  of  an 
explosive  mixture.  Such  ventilation  would  probably  best  be  produced 
by  powerful  fans,  driven  by  steam  power ;  the  speed  of  these  might  be 
instantly  increased  to  meet  an}'  emergency.  At  the  worst,  the  case  is  no 
worse  nor  no  other  than  that  of  a  gallery  or  heading  in  a  fiery  coal  pit, 
in  which  a  large  "  blower"  is  suddenly  cut  into.  Nay,  the  case  is  not 
nearly  so  bad,  for  the  tension  of  the  gas  in  the  blower  defies  control, 
whereas  that  of  tho  gas  in  the  main  is  at  most  equivalent  to  2  or  3 
inches  of  water,  and  may  be  corked  down,  even  though  the  main  be 
broken  across,  by  a  few  barrows  full  of  puddling  clay  until  the  gas 
can  be  permanently  shut  off  and  the  repairs  executed.  But  we  have 
imagined  almost  an  impossible  case.  What  is  there  ever  to  break  a  gas 
main  suitably  made  and  laid,  when  once  in  place  in  a  subway? 

Probably  the  best  construction  of  subway  would  be  a  rectangular 
section,  roofed  with  iron  plates  laid  flat  beneath  the  concrete  and 
pavement ;  that  the  water  mains  should  all  be  bracketed  off  anil  sup- 
ported from  the  side  walls  one  above  the  other,  with  room  to  get  com- 
fortably between  them  and  the  wall ;  and  that  the  gas  mains  should  all 
be  laid  on  the  bottom,  those  of  each  company  (perhaps  the  day  may 
come,  as  come  it  ought,  when  there  will  be  but  one  company,  and  that 
the  Metropolitan  Board)  in  a  separate  longitudinal  trench,  brick 
floored,  and  separated  each  by  brick  dwarf  walls.  We  do  not  believe 
that  leakage,  under  proper  arrangements,  would  occur  at  all,  as  a  rule ; 
but  were  it  found  essential,  each  of  these  troughs  might  be  filled  up  with 
well  tempered  clay  puddle;  in  which  the  mains  should  be  immersed, 
and  which  could  be  readily  maintained  always  wet.  Leakage  would 
then  be  an  impossibility;  in  fact,  it  would  be  to  place  the  mains  under 
ground  as  at  preseut,  but  in  impervious  soil,  and  in  conditions  under 
which  it  would  not  settle  down,  and  where  vibration  and  blows  could 
not  be  given  to  the  pipes. 

In  fine,  the  leakage  argument,  upon  which  the  battle  was  waged 
against  the  subway,  proves  on  a  really  practical  examination  to  be  a 
mere  specious  sham. 

The  "  fatal  accident"  in  the  subway  of  Paris,  said  to  have  occurred 
by  an  explosion  of  gas  escaped  in  a  place  which  had  not  been  entered 
or  examined  for  a  length  of  time,  and  which  was  examined  only  when 
the  escape  was  known,  proves  just  as  little  pertinent  as  an  occasional 
gas  explosion  in  a  house,  or  in  one  of  our  street  sewers,  does  to  prove 
that  gas  cannot  be  used  without  such  danger,  that  "  no  one  would  use 
it  where  the  life  of  man  is  taken  any  account  of."  Let  us  add,  why 
was  not  the  Davy  lamp  employed  in  this  instance?  .  No  other  form 
of  artificial  light  should  ever  be  permitted  in  any  civic  subway. 

We  hope  the  Metropolitan  Board  will  persevere  in  their  expressed 
intention  of  laying  subways  beneath  the  Thames  Embankment,  and  this 
time  armed  with  all  due  powers  to  compel  their  employment  by  the 
companies. 

Subways  are  no  novelty,  and  strangely  enough,  probably  the  earliest 
notice  that  occurs  of  them  in  the  history  of  civil  engineering,  shows  the 
notion  fully  matured,  attempted  on  a  great  scale,  and  rendered  abortive 
by  precisely  the  same  sort  of  dog  in  manger  opposition  as  in  this  the 
most  recent  case. 

Not  far  from  one  hundred  years  ago,  after  the  celebrated  Semple 
(the  author  of  the  "  Treatise  on  Building  in  Water")  had  completed 
his  bridge  across  the  river  Liffey  at  Dublin,  called  Essex  Bridge  after 
the  earl  of  Essex,  then  lord  lieutenant  of  Ireland,  and  when  the  then 
long  new  street,  Capel  Street,  was  laid  out  and  commenced  running 
northward  from  that  bridge,  Major  Taylor,  an  officer  who  then  held 
the  post  of  engineer  under  the  Commissioners  of  Paving  and  Lighting 
of  that  capital,  designed  a  capacious  arched  subway,  to  contain  the 
sewers  and  the  water  pipes  beneath  the  centre  of  the  street — gas  pipes 
and  telegraph  wires  were  unknown.  Several  hundred  yards  of  this 
subway  were  constructed,  and  some  of  it  is  still  iu  existence  beneath 
the  street,  which  we  have  ourselves  examined.  Stone  corbels  were 
provided  to  support  the  water  mains  at  the  sides,  and  the  main  sewer 
was  beneath  the  invert  bottom. 
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The  work  was  discontinued,  it  is  believed,  partly  from  its  cost  being 
more  than  Dublin  was  (or  thought  itself)  competent  to  expend,  and 
partly  that  the  City  Corporation,  which  then  possessed  a  monopoly  of 
the  water  supply,  refused  to  make  any  use  of  the  subway. 

It  is  not  a  little  curious  that  in  Dublin,  which  one  hundred  years 
ago  was  neither  very  rich  nor  very  civilized,  in  its  municipal  arrange- 
ments at  least,  the  first  vestige — nay,  rather,  the  fully  developed  idea 
— is  to  be  found,  of  that  which  at  the  present  hour  is  being  carried  out 
in  Paris,  the  most  polished  city  of  the  world,  and  is  the  subject  of 
debate  as  to  whether  it  shall  be,_or  not  be,  in  London. — Ed. 


MR.  ALEXANDER  RAMSAY'S  CHAMBER  CLOSET. 

We  published,  in  the  preceding  part  of  this  Journal,*  a  portion  of  a 
paper  read  by  Mr.  Ramsay  at  a  recent  meeting  of  the  Royal  Scottish 
Society  of  Arts,  and  the  concluding  part  of 
Fig.  1.  which  will  be  found  on  another  page. 

It  was  our  first  intention  to  have  published 
the  wood  illustrations  in  the  concluding  part 
of  Mr.  Ramsay's  paper;  but  finding  such  a 
course  would  necessitate  some  alteration  of 
Mr.  Ramsay's  own  words,  we  have  preferred  to 
lay  a  description  of  the  closet  before  our  readers 
as  a  separate  communication  from  the  inventor. 

There  can  be  no  doubt  whatever  of  the  serious  importance  of  the 
subject  which  Mr.  Ramsay  has  brought  up  for  discussion  ;  aud  although 

we  publish  this  corn- 
Fig.  2.  £  munication,  it  is  not  be- 
cause we  completely 
indorse  their  author's 
views,  for  on  many  points 
at  present  we  do  not  see 
our  way  clear  to  be  quite 
so  extravagant.  Fig.  1 
of  the  engravings  is  an 
elevation  of  the  vessel 
when  removed  ;  fig.  2,  a 
vertical  section  showing 
the  slide  plate  ;  fig.  3,  an 
elevation  with  the  slide  open ;  fig.  4,  plan  of  under  side  of  cover:  fig. 
5  is  a  vertical  section  of  another  modification ;  and  fig.  6,  a  plan  of 
the  same.     Mr.  Ramsay's  own  words  as  follow  will  fully  explain  his 

objects  in  desiguing  this 
Fio-  3-  ii,        .     closet : — 

In  the  construction  of  the 
chamber  closet,  my  aim  was 
cheapness,  simplicity,  the  con- 
finement of  the  air  within  the 
vessel,   facilities    for    its  re- 
moval, and  for  the  substitu- 
tion of  a  fresh  vessel  when 
necessary. 
The  engravings  show  the  form  of  the  vessel,  its  connection  with  the  valve,  the 
valve  itself,  the  levers  by  which  it  is  moved,  and  the  seat  with  its  opening  into  the 
vessel.     To  facilitate  the  removal  of  the  vessel,  the  seat  should  be  hinged  at  the 
back,  so  that  by  lifting  it  up  from  the  front  it  would  be  detached  from  the  vessel, 

Fig.  l. 


which  should  tbeu  be  covered  by  its  lid,  taken  away,  a  fresh  vessel  put  in,  and  the 
seat  closed  down  upon  it. 

It  appears  to  me  that  the  closet  is  peculiarly  adapted  for  houses  of  low  rent,  or 
for  common  stairs  occupied  by  several  families. 

*  See  pp.  311-343,  part  for  February,  and  present  part. 


In  large  towns  it  should  be  under  the  charge  of  the  district  scavenger,  whoso 
duty  should  be  to  have  the  vessels  removed  and  changed  as  often  as  necessary. 

When  the  full  vessel  is  covered  with  its  lid,  it  is  not  offensive  cither  to  sight  or 
smell.  I  may  add,  that  the  necessity  for  utilizing  the  material  for  the  reception  of 
which  the  closet  has  been  devised,  has  acquired  increased  confirmation  from  the 

Fig.  5. 
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ravages  of  the  prevailing  cattle  disease,  known  by  the  name  of  Rinderpest.  That 
disease  has  already  destroyed  an  enormous  number  of  cattle,  and  a  scarcely  smaller 
number  has  been  slaughtered  from  the  mere  dread  of  its  attack.  It  is  thus  certain 
that  for  several  years  to  come  cattle  will  be  so  scarce  in  this  country  as  to  diminish, 


to  a  very  serious  extent,  the  supply  of  farm-yard  manure  necessary  to  maintain  the 
land  in  a  state  of  fertility ;  and  hence  the  increased  necessity  for  the  collection  of 
excreta  from  dwelling-houses,  that  it  may  be  applied  to  its  natural  and  proper  use 
in  increasing  the  supply  of  food. 

ALEXANDER  RAMSAY. 


PERRIGAULT'S  DOUBLE  FAN. 

M.PeriugAULT,  of  Rennes,  mechanical  engineer,  sent,  a  short  time  since, 
to  the  Conservatoire  des  Arts  et  Metiers,  Paris,  a  new  species  of  fan, 
which  he  states  to  be  capable  of  raising  a  working  pressure  of  air  equi- 
valent to  a  column  of  water  0m-75,  or  29^  inches,  high,  giving  a  pressure 
of  about  17J  oz.  per  square  inch ;  this  result  being  so  important  for 
smithy  and  cupola  blasts,  produced  as  it  is  by  a  fan  of  ordinary  con- 
struction, that  the  Conservatoire  des  Arts  et  Metiers  caused  experiments 
to  be  made  in  order  to  verify  the  results  as  given  by  the  inventor. 

The  fan  is  a  double  one ;  that  is  to  say,  it  is  composed  of  two  simple 
ones  so  disposed  that  the  blast  produced  by  one  is  conducted  by  a  tube 
to  feed  the  second  fan,  which  acts  upon  the  air  already  compressed 
and  augments  the  working  pressure  in  a  considerable  degree.  The 
drums,  or  cases  of  the  two  fans,  are  cylinders  of  nearly  circular  section, 
but  eccentrically  placed  with  regard  to  the  axes  of  the  fans,  which  are 
2  feet  in  diameter,  and  each  carry  eight  equidistant,  straight,  and 
radiating  arms.  The  "  play  "  round  the  circumference  of  the  vanes, 
between  them  aud  the  rim  of  the  case,  increases  from  1J  inch  to  4 
inches  at  the  discharge.  The  suction  openings  are  10J  inches  in 
diameter,  and  that  of  the  second  drum  is  connected  with  the  discharge 
from  the  first  fan  by  a  tube  of  the  same  area,  curved  round  (see  engrav- 
ing) so  as  to  attenuate  as  much  as  possible  the  fluctuations  that  must 
necessarily  arise.  The  breadth  of  the  cases  is  in  each  5  inches,  and 
that  of  the  vanes  3  inches.  Power  is  transmitted  by  means  of  a 
strap  and  a  driver,  which  is  placed  on  the  common  shaft  between  the 
drums,  the  distance  between  which  is  9  inches.  The  diameter  of  the 
driving  pulley  is  3J  inches,  and  its  breadth  at  the  rim  83  inches.  The 
shaft  is  supported  on  very  broad  blocks,  the  length  of  bearing  being 
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sis  times  the  diameter  of  the  journals;  this  disposition,  as  is  well  known, 
being  very  favourable  to  the  steady  working  of  journals  revolving  at 
high  speeds. 

In  the  experiments  made  at  the  Conservatoire  des  Arts  et  Metiers, 
the  working  power  was  transmitted  to  the  pulley  of  the  fan  through  a 
rotatory  dynamometer  furnished  with  a  diagram  indicator,  the  driving 
pulley  being  2  feet  8J  inches  in  diameter.  Good  diagrams  were  ob- 
tainable np  to  a  velocity  of  300  revolutions  per  minute  of  this  instru- 
ment. The  number  of  turns  was  counted  by  a  mechanical  register 
applied  to  the  shaft  of  the  dynamometer. 

In  order  to  know  the  effect  produced  at  each  experiment,  a  tube 
open  at  both  ends  and  curved  was  placed  before  the  opening  of  the 
twyer ;  this  allowed  the  double  reading  of  the  level  of  the  coloured 


liquid  which  served  to  measure  the  strength  of  the  blast.  Two  series 
of  experiments  were  made :  one  with  a  twyer  2]-^  inches  diameter, 
corresponding  to  5-115  square  inches,  in  adopting  for  this  conical  base  a 
co-efficient  of  reduction  of  0"9.  For  the  other  series  the  diameter  was 
4  inches,  and  the  section  (reduced  by  the  same  co-efficient)  113  square 
inches. 

The  following  calculations,  according  to  the  official  report  of  the 
Conservatoire,  were  verified  by  M.  Joseph  Farcot,  who  assisted  at 
the  experiments.     These  established  that : — 

1.  In  the  first  series  of  trials  the  column  of  air  pressed  upon  the 
water  in  the  tube  till  it  had  attained  a  height  of  26  inches,  the  number 
of  revolutions  being  1908  per  minute.  In  the  second  series,  the  pressure 
was  only  equal  to  a  column  of  water  16  inches  high  for  a  velocity  of 
1 622  revolutions  per  minute. 

2.  It  is  therefore  evident  that  the  double  fan,  invented  by  M.  Perri- 
gault,  can  furnish  air-blasts  with  pressures  varying  from  26  inches  to 
16  inches — that  is  to  say,  higher  pressures  than  can  be  obtained  with 
ordinary  fans.  This  increased  pressure  is  due  to  the  arrangement  by 
which  the  air  discharged  by  the  first  fan  is  introduced  into  the  other 
under  pressure,  and  that  the  second  fan  exerts  a  power  upon  that 
already  compressed  air. 

3.  That  by  means  of  this  combination,  the  velocity  of  the  air  when 
discharged  from  the  second  fan,  is  less  than  double  the  velocity  of  the 
vanes  at  their  circumference,  and  that  it  increases  in  the  same  ratio  as 
the  latter.     The  mean  ratio  between  the  velocities  is 

83-71  :  16-24  =  181. 

4.  In  the  second  series,  on  account  of  the  increase  in  the  diameter 
of  the  aperture  of  the  twyer,  this  ratio  is  reduced  to 

69-72:44-94=  1-55. 
:hus  again  demonstrating  that  the  velocity  of  the  air  discharged  is  con- 
-  iderably  greater  than  the  velocity  of  the  vanes  at  their  circumference. 

5.  M.  Perrigault  has  rendered  the  flat-armed  fan  applicable  for 
ibtaining  pressures  that  have  hitherto  been  only  attained  by  other 
olowing  engines. 

The  report  is  signed  by  M.  Tresca,  sub-director  of  the  Conser- 
vatoire des  Arts  et  Metiers,  and  countersigned  by  General  Morin,  the 
•hief  director. 


ENGINEERING  EDUCATION. 

(^1  Communication.) 

We  remember  once  hearing  an  old  millwright  exclaim,  "  I  should  like 
to  make  an  engineer  of  the  lad,"  referring  to  his  son,  "  but  I  hardly 
•enow  how  to  begin."  We  believe  the  question  is  rather  doubtful  of 
solution,  and  intend,  if  possible,  to  clear  it.  Take  the  case  of  a  mill- 
wright of  the  old  school,  who  worked  with  his  hands  for  many  years, 


and  thus  gained  valuable  experience,  which,  combined  witii  natural 
abilities,  sound  judgment,  energy,  and  caution,  at  last  enabled  him  to 
till  a  more  responsible  and  remunerative  position  than  that  of  a  workman. 
If  he  be  shrewd  and  cautious  he  will  be  able  to  get  through  manv  a 
difficulty,  for  his  actual  experience  stands  him  in  better  stead  in  a  critical 
moment  than  all  the  learning  derivable  from  books.  In  fact,  there  is 
no  doubt  a  greater  force  and  greater  value  in  being  able  to  say,  "  I  have 
done  so  and  so,"  or  "  I  have  seen  such  and  such  a  tiling  being  done, 
with  such  and  such  results,"  than,  "  I  have  read  this  or  that  in  a  book 
— a  standard  book  too."  And  then  we  must  not  overlook  another 
fact:  you  have  not  always  the  knowledge  derived  from  books  at  your 
finger-ends  in  the  very  moment  it  is  most  wanted,  but  you  have  that 
gained  by  experience. 

Without  going  all  the  way  with  the  millwright  of  the  old  stamp,  it 
cannot  be  denied  that  there  is  a  great  excuse  for  him  if  he  rather  under- 
rates the  theoretical  training  by  some  engineers  considered  requisite  and 
necessary  in  the  present  day  to  make  an  engineer.  But  admitting 
that  mere  manual  skill  and  experience  as  a  workman  are  not  the 
only  needs  for  a  young  man  about  to  enter  life  as  an  engineer,  we 
shall,  on  the  other  hand,  find  as  great  difficulty,  we  believe,  in  assigning 
book-learning  and  theory  their  proper  place  and  limit  in  his  education. 
To  elucidate  the  subject,  it  may  not  be  out  of  place  to  draw  a  comparison 
between  English  and  Continental  views  on  this  subject,  and  draw  our 
conclusions  from  the  same  as  to  which  system  works  best,  and  whether 
we  might  not  learn  something  from  our  Continental  brethren  in  the 
profession.     We  shall  confine  ourselves  to  the  mechanical  engineers. 

The  English  view  on  this  matter  is,  in  the  majority  of  cases,  the  one 
we  have  called  that  of  the  old  millwright.  If  any  one  wishes  to  bring 
up  his  son  as  a  mechanical  engineer,  he  does  not  take  any  particular 
heed  of  the  boy  till  he  is  big  and  strong  enough  to  handle  hammer  and 
chisel,  or  perhaps  pattern-maker's  tools  to  begin  with.  We  question 
whether  the  lad's  school  education  in  most  cases  has  brought  him  much 
further  in  the  exact  sciences  than  the  rule  of  three,  a  smattering  of 
geometry,  but  leaving  him  in  perfect  ignorance  of  the  laws  of  physics. 
Take  the  case  of  the  apprentice  who  has  had  to  pay  several  hundred 
pounds  for  his  apprenticeship,  and  we  do  not  think  his  case  is  much 
better  :  he  may  have  picked  up  some  superfluous  Latin,  and  can  with 
more  or  less  difficulty  spell  his  way  through  an  easy  French  book,  but 
it  is  not  too  much  to  say  that  his  school  education  is  so  very  general 
(and  so  it  ought),  and,  on  account  of  the  short  time  assigned  to  the 
same,  so  superficial  in  the  branches  most  necessary  for  him  in  after 
life,  that  he  is  less  fit  for  an  engineer  than  for  anything  else.  How- 
ever, let  us  assume  that  the  young  engineer  in  spa  takes  great  interest 
in  his  profession,  and  in  his  few  spare  hours  has  private  tuition  in 
mathematics,  drawing,  and  other  necessary  branches;  still,  the  best 
time  for  book  learning  has  passed  when  he  left  school. 

Having  gone  so  far,  we  may  leave  our  young  engineer  in  the  shop, 
where  he  will  take  a  pride  and  pleasure  in  becoming  a  first-rate  workman, 
for  we  believe  this  acquirement  to  be  most  valuable  to  him  in  after  life 
as  master  or  manager  of  workmen.  After  having  mastered  the  use  of 
the  tools,  the  apprentice  is  generally  sent  into  the  drawing  office.  If 
he  had  a  good  scientific  foundation,  he  might  now  (if  he  be  clear-headed, 
and  possesses  talent  for  combination),  in  a  short  time  become  a  clever 
designer.  Lacking  this  in  most  instances,  he  is  obliged  to  fall  back 
upon  the  engineering  pocket  books.  Now  we  do  not  wish  to  say  a  word 
of  disparagement  against  these  valuable  assistants  to  the  designer : 
practical  rules,  based  upon  sound  theory  and  verified  by  successful 
practice,  are  here  presented  in  the  most  condensed  and  practical  shape 
ready  for  immediate  use,  thus  often  saving  endless  calculations.  But 
we  contend  that  they  should  be  used  by  those  only  who  know  the 
theory  and  the  experiments  upon  which  these  rules  are  based. 
Without  that  knowledge,  it  is  working  in  the  dark,  and  leads  too  often 
to  the  use  of  the  rule  of  thumb.  Without  that,  he  is  unable  to  make 
correct  or  valuable  experiments  himself,  and  draw  the  proper  conclu- 
sions from  the  same.  It  is  comparatively  easy  to  go  on  in  the  old 
groove,  imitating  what  has  been  done  already  ;  but  as  engineering  is  a 
progressive  profession,  more  so  than  most  others  in  the  present  day, 
every  engineer  should  be  fully  alive  to  the  importance  of  divesting 
himself  of  preconceived  notions,  and  judge  the  exigencies  of  each  parti- 
cular case  in  an  independent  and  enlightened  spirit. 

Having  thus  cast  a  rapid  glance  over  the  path  of  the  young  engineering 
beginner,  as  we  believe  it  generally  obtains  in  this  country,  we  will  say 
a  few  words  about  the  way  engineers  are  brought  up  on  the  Continent. 
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We  must  first  take  notice  of  the  acknowledged  fact  that  school  education 
is  carried  very  far  on  the  Continent :  the  school  hours  are  longer  for  one 
tiling,  too  long  perhaps  to  allow  for  the  requisite  development  of  the 
body ;  secondly,  the  boy  has  to  work  several  hours  in  his  own  room  as 
well ;  and,  as  a  general  rule,  we  may  say  that  at  least  nine  hours  a  day 
are  necessary  to  allow  the  boy  to  follow  his  mates  in  the  race,  and  in 
due  time  pass  from  one  form  to  another,  each  time  passing  an  examina- 
tion. There  is  likewise  laid  comparatively  less  stress  on  studying  the 
classics,  and  much  more  on  other  branches  of  education — as  the  living 
languages,  mathematics,  chemistry,  natural  philosophy,  and  natural 
history.  When  the  lad  leaves  school,  at  the  age  of  say  fifteen,  he 
knows  geometry  and  arithmetic  to  perfection,  and  he  is  well  up  in  the 
laws  of  physics.  If  he  is  destined  for  the  engineering  profession,  he  is 
now  generally  sent  to  some  public  engineering  college,  where  he  goes 
through  a  regular  course  of  instruction  in  all  the  branches  of  science 
that  at  all  come  within  the  compass  of  engineering ;  he  attends  lectures 
on  all  sorts  of  subjects,  and  obtains  good  instruction  in  drawing,  both 
geometrical  and  engineering,  including  shadowing  and  colouring. 
Besides  this  he  gets  some  little  instruction  in  the  use  of  tools — a  bit 
of  chipping  and  filing,  a  little  moulding,  a  little  pattern-making.  He 
also  learns  surveying  and  levelling.  After  having  passed  three  or  four 
years  in  this  manner,  he  generally  seeks  employment  in  some  engineering 
drawing  office  ;  and  if  he  had  had  but  more  of  actual  shop  experience, 
we  should  say  he  ought  by  this  time  to  be  as  proficient  in  the  profession 
as  his  age  will  admit.  But  here  comes  just  the  point  where  we  think 
our  Continental  friends  commit  a  grave  error.  Firstly,  his  education 
at  the  polytechnic  school,  as  it  is  termed,  is  far  too  comprehensive. 
He  is  supposed  to  be  educated  for  the  engineering  profession,  but  he  is 
too  apt  to  become  a  jack-of-all-trades  and  master  of  none.  He  does 
not  confine  himself  exclusively  to  either  the  civil  or  mechanical  branch 
of  the  profession,  but  striving  after  both,  we  are  afraid  he  cannot  master 
either.  Secondly,  his  experience  as  a  workman  is  far  too  limited,  for 
we  believe  a  year  spent  in  the  workshop  of  more  value  than  four  in  the 
college  shops.  The  services  of  such  a  young  man  are  really  of  less 
value  than  those  of  his  }'oung  brother  in  this  country  who  has  been 
brought  up  in  the  workshop.  At  the  same  time  we  believe  it  is  shown 
by  the  foregoing  that  we  may  learn  a  lesson  from  the  foreigner.  To 
come  to  actual  data  :  would  it  not  be  possible  to  lay  it  down  as  a  rule, 
to  be  followed  with  more  or  less  stringency  in  individual  cases,  that  to 
"  make  an  engineer  of  the  lad  "  is  best  obtained  in  something  like  the 
folluwing  manner  : — Give  him  a  good  school  education,  such  as  befits  a 
gentleman,  and  for  that  reason  do  not  take  him  out  of  school  before  he 
is  sixteen  ;  then  send  him  into  the  workshop,  and  let  him  stop  there 
about  five  years,  and  keep  an  eye  upon  him  that  he  sticks  to  the  work. 
At  the  same  time  do  not  let  him  work  the  full  complement  of  ten  hours 
a  day,  but  say  at  most  seven,  and  let  him  in  his  spare  hours  have  first- 
rate  instruction  in  the  exact  sciences  as  well  as  drawing,  We  believe 
that  some  6Uch  plan,  more  or  less  modified,  would  produce  a  very 
superior  class  of  engineers,  such  as  befits  our  fast-progressing  age. 

It  will  be  observed  that  we  have  abstained  from  going  into  details  as 
to  what  an  engineer  ought  to  know,  and  for  the  present  only  broadly 
sketched  out  the  way  he  ought  to  learn  it.  It  is  likewise  obvious  that 
the  "  Engineering  Colleges  "  that  have  sprung  into  existence  within  the 
last  few  years  may,  if  properly  conducted  and  maije  use  of,  afford  the 
intended  engineer  valuable  aid.  The  subject  is  far  too  comprehensive 
to  be  exhausted  in  a  single  article,  and  we  hope  to  be  permitted  to 
enlarge  on  this  subject  at  some  future  time. 

[Note. — We  publish  the  preceding  communication  from  a  contributor 
to  this  Journal,  not  because  it  represents  even  generally  our  own  views 
on  the  subject  of  "Engineering  Education,"  or  as  it  might  more  largely 
and  precisely  be  called,  "  Technical  Education,"  nor  for  anything  that 
can  be  deemed  novel  in  the  views  of  the  writer;  but  because  while  in  its 
commencement  it  appears  to  us  to  betray  that  inadequacy  of  conception 
as  to  the  right  boundaries  of  education  and  of  information  involving 
grave  errors  in  the  deductions  arrived  at,  yet  in  the  conclusion  we  are 
disposed  in  great  part  to  agree  with  the  author.  That  is  to  say  :  take 
things  as  they  now  are,  in  Great  Britain,  and  perhaps  with  nine  young 
men  out  of  ten,  as  much  as  they  are  by  nature  capable  of  as  engineers, 
will  be  evolved  by  their  stumbling  on  as  best  they  may,  at  our  miserably 
defective  middle  class  (or  even  great)  public  schools;  then  going  "into 
the  workshop  "  (what  workshop  ?  let  us  ask  in  passing),  and  at  last  into 
an  engineer's  ofnVe. 


But  a  broader  and  far  more  important  question  arises  than  the  writer 
seems  to  grasp,  namely,  Are  things  as  they  are  in  our  country,  in  respect 
of  education,  what  they  should  be  ?  And  this  not  alone  as  to  education  in 
its  most  limited  sense,  which  in  England  popularly  means  only  the  lowest 
fundamental  information — "  the  three  Rs,"  in  a  word,  which  is  not 
education  at  all — but  also  as  regards  technical  education,  that  which 
for  each  speciality  the  Germans  a  brod  stuclium. 

Let  it  be  ever  held  in  view  that  education  is  the  discipline  of  the 
mind,  a  course  of  mental  gymnastics,  in  the  progress  of  which  some 
information  must  subjectively  be  acquired,  but  whose  primary  and  all- 
important  object  is  so  to  teach  the  pupil,  that  upon  his  further  voyage 
in  life  he  may  be  able  aud  witling  to  gather  in  and  hive  in  an  orderly 
manner,  information  of  any  sort,  and  collected  in  every  way — by  reading, 
by  converse,  by  observation,  by  reflection.  Were  this  once  seen  and 
understood  by  the  more  intelligent  of  the  middle  classes  of  England  at 
the  present  day,  much  of  the  vulgar  nonsense  that  is  met  with  as  to  the 
uselessness,  &c,  of  Latin  and  Greek,  the  confused  fancies  as  to  some 
imaginary  contrariety  between  theory  and  practice,  aud  a  good  many 
other  half  truths  or  mischievous  fallacies  would  vanish  necessarily.  Let 
it  be  understood  that  education  must  come  first,  and  that  the  methods 
for  acquiring  information  should  follow  that — first,  those  derived 
through  books,  &c. ;  afterwards,  those  dependent  on  observation.  A 
boy  thrust  at  once  into  the  workshop  has  observational  food  thrust 
upon  him  which  he  is  unfit  to  choose  from  and  incapable  of  digesting. 

The  fact  is,  that  relatively  to  the  position  which  we  hold  amongst  the 
nations  of  the  world — to  our  power,  wealth,  and  to  all  that  goes  to  make 
the  meaning  of  the  word  civilization — education  in  Great  Britain  is  far 
behind  that  of  the  more  enlightened  nations  of  the  European  and  Ameri- 
can continents.  In  Ireland,  notwithstanding  the  real  though  studiously 
concealed  hostility  there,  as  everywhere,  of  the  Romish  clericy  to  all 
knowledge  not  filtered  through  its  own  mesh,  and  the  practical  hostility 
of  the  opponent  church  establishment,  primary  middle  class  and 
university  education  are  upon  a  better  actual  working  basis  than  in 
Great  Britain,  yet  are  still  miserably  defective  compared  with  what 
they  might  be. 

At  the  same  time,  throughout  the  British  empire,  there  is  not  only  no 
system  of  technical  education  in  existence,  but  the  very  idea,  the  primary 
conditions  and  requirements  of  such,  are  not  even  entertained  or 
apparently  understood.  No  further  proof  need  be  offered  than  that 
England  is  content  to  let  it  be  supposed  that  the  so-called  "  Depart- 
ment of  Science  and  Art "  fulfils  all  this ;  as  though  the  dilettanteism 
of  Brompton — its  high  art  (we  will  take  its  own  estimate  of  its  position 
as  to  fine  art),  its  Noah's  Ark  (museum  ?),  made  up  de  omnibus  rebus 
et  quibusdam  aliis,  its  meddlesome  and  nugatory  patronage — were  the 
sufficient  basis  upon  which  stands  (or  ever  could  stand)  the  widespread 
technical  education  of  a  people  whose  commerce  and  industries  are  the 
vastest  and  the  most  varied  that  the  world  has  ever  before  produced. 

It  is  because  these  things  are  better  and  more  generally  understood, 
and  that  which  is  true  acted  on  by  efficient  state  machinery,  in  the 
organization  of  public  education,  which  is  at  the  root  of  all  progress  as 
of  all  retrogression  in  nations,  that  foreign  engineers,  and  masters  of 
manufactures,  and  workmen  are  being  found  more  and  more  nearly  a 
match  for  us  in  all  things,  and  in  many  now  more  than  a  match. 

It  would  be  well  we  were  wise  in  time.  The  race  of  nations,  and  to 
a  great  degree  that  of  individual  men,  is  to  the  swift,  and  the  battle  to 
the  strong.  The  subject  is,  however,  one  worthy  of  larger  and  more 
systematic  treatment  than  can  be  given  to  it  in  a  note,  chiefly  meant  to 
let  our  readers  know  that  we  do  not  indorse  the  views  of  our  contri- 
butor.— Ed.] 


CONTINUOUS   ACTION    PAPER   BAG    MACHINE. 

Illustrated  by  Plate  14 

The  continuous  action  paper  bag  making  machine,  which  we  illustrate 
this  month  by  Plate  14,  has  been  recently  patented  in  this  country  by- 
Mr.  Delavan  F.  Clark,  of  Buffalo,  in  the  United  States  of  America. 

Fig.  1  is  a  perspective  elevation  of  the  machine  complete ;  fig.  2  is 
a  side  elevation  of  the  finishing  end  of  the  machine ;  fig.  3  is  a  plan 
of  the  "  gauge  plate,"  or  "  former,"  upon  which  the  bags  are  made, 
detached ;  and  figs.  4,  5,  and  6  are  separate  details  of  the  folding  and 
feeding  rollers,  which  we  shall  have  occasion  to  refer  to  more  fully 
hereafter. 
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The  construction  of  this  machine  consists  of  a  frame  of  suitable  size 
and  form  to  contain  the  machinery,  at  one  end  of  which  frame  there 
are  placed  two  supporting  rollers,  A  B,  of  an)'  required  length  and 
diameter.  Situate  a  convenient  distance  forward  of  these  supporting 
rollers  is  the  support  of  the  gauge  plate,  E,  with  its  lower  part  extend- 
ing down  a  sufficient  distance  to  allow  the  two  edges  of  the  web  of 
paper  to  be  folded  properly  over  the  surface  of  the  gauge  plate. 

Near  the  end  of  the  roller,  B,  is  situate  the  paste  wheel,  c,  revolving 
in  the  paste  cup,  D,  and  operated  by  frictional  contact  of  its  periphery 
with  the  tdge  of  the  paper,  passing  over  the  roller,  B.  as  it  is  drawn  into 
the  machine.  The  width  of  the  bag  of  course  depends  upon  the  width 
and  thickness  of  the  gauge  plate,  which  may  be  of  any  convenient 
length.  On  the  upper  side  of  the  gauge  plate,  and  at  a  short  distance 
forward  of  its  support,  are  situated  the  folding  rollers,  F  f',  which  are 
so  arranged  that  lines  drawn  through  their  respective  centres  form 
angles  respective!}"  with  the  centre  line  of  the  machine ;  such  angles 
diverging  in  a  direction  opposite  to  the  support  of  the  gauge  plate,  and 
in  the  direction  of  the  feed  roller,  G.  The  outward  ends  of  the  folding 
rollers,  F  f',  will  consequently  be  in  advance  of  their  inside  ends.  The 
folding  rollers  are  supported  in  such  a  manner  that  they  may  be  set  to 
any  required  angle,  so  as  to  perform  properly  the  process  of  folding 
the  side  laps  of  the  continuous  web  over  and  on  to  the  gauge  plate. 
Beneath  the  folding  rollers,  f  f',  and  on  which  they  rest,  are  placed 
the  folding  rollers,  z  z',  of  a  diameter  corresponding  with  the  thickness 
of  the  gauge  plate,  E.  They  are  so  placed  in  openings  in  the  gauge 
plate  made  for  their  reception,  that  their  peripheries  do  not  project 
above  or  below  it.  The  centre  lines  of  the  folding  rollers,  F  z  and 
f'  z',  are  parallel  respectively.  One  pair  of  folding  rollers,  f'  z', 
are  situate  in  advance  of  the  other  pair,  F  z,  in  order  that  one  lap  may 
be  folded  upon  the  other  lap  in  a  proper  manner. 

At  a  convenient  distance  forward  of  the  folding  rollers,  F'  z', 
and  in  the  gauge  plate,  E,  there  are  formed  two  openings  which 
contain  the  carriages,  b  b.  These  carriages  are  of  any  convenient 
length  and  width,  and  slightly  exceed  in  thickness  that  of  the  gauge 
plate,  E,  in  order  to  prevent  the  direct  action  of  the  feed  rollers,  G  H, 
upon  the  gauge  plate.  They  are  composed  of  sections  connected 
together  by  joints,  thereby  forming  an  endless  train,  which  revolves 
round  the  carrier  wheels,  y  y.  in  the  direction  indicated  by  the  arrows. 

The  gauge  plate  terminates  in  the  parallel  bars,  j,  which  are  of  any 
required  leDgth  and  thickness,  and  correspond  in  width  to  the  thickness 
of  the  gauge  plate  itself,  with  the  exception  of  the  two  outside  bars, 
which  are  made  round  and  quite  small.  In  order  that  the  process  of 
severing  the  folded  paper  at  the  edges  by  the  knives,  o  o,  may  be  more 
complete,  the  parallel  bars,  j,  are  arranged  parallel  to  each  other,  any 
convenient  number  being  used. 

Situated  above  and  below  the  gauge  plate,  E,  are  the  feed  rollers, 
G  H,  whbh  extend  at  right  angles  across  the  straight  portion  of  the 
carriages,  b  b,  and  the  gauge  plate.  They  are  of  such  a  diameter  that 
in  one  revolution  of  the  crank,  I,  there  will  be  drawn  through  between 
them  the  required  length  o.  folded  paper  to  form  a  bag. 

The  middle  portion  of  the  feed  roller,  G,  is  slightly  reduced  in 
diameter,  in  order  to  prevent  its  action  upon  the  inner  or  returning 
trains  of  the  carriages,  b  b.  The  peripheries  of  these  feed  rollers,  g  h, 
move  at  a  corresponding  rate  of  speed,  and  are  geared  together  and 
operated  by  the  spur  wheels,  k  /„•'  u  and  M,  and  press  between  them  the 
outside  trains  of  the  carriages,  b  b,  without  acting  upon  the  gauge 
plate,  E.  Situate  respectively  above  and  below  the  parallel  bars,  j,  are 
the  shafts,  K  j,  which  are  supplied  with  the  arms,  R  r',  q  q',  for  carrying 
the  knives,  O  o'.  The  edges  of  these  knives,  O  o',  are  formed  of 
angular  points ;  the  number  of  points  in  each  knife  corresponding  with 
the  number  of  spaces  between  the  parallel  bars,  j,  through  which  they 
nearly  pass  when  severing  the  folded  paper.  The  distance  of  the 
angular  edges  of  the  knives,  O  o',  from  the  centre  of  their  respective 
shafts,  K  j,  is  such  that  in  describing  their  respective  orbits  they  slightly 
exceed  the  speed  of  the  periphery  of  the  feed  rollers,  g  ii,  thereby 
producing  a  tension  on  the  folded  paper  between  the  feed  roller,  G  II, 
and  the  knives,  o  o',  during  the  act  of  severing  the  folded  papev.  Each 
end  of  the  knife,  o',  is  turned  up  slight!}',  so  as  to  correspond  with  the 
parallel  bars,,/,  in  order  that  the  process  of  severing  the  folded  paper  at 
its  edges  may  be  made  more  complete;  it  is  also  set  in  advance  of  the 
knife,  O,  a  distance  corresponding  with  the  required  projection  or  overlap 
for  forming  the  bottom  of  the  bag.  The  knives,  o  o',  are  made  to 
revolve  in  concert  by  the  spur  wheels,  r>  m,  having  an  equal  number  of 
third  SERIES. — VOL.  I. 


teeth.  At  any  required  distance  forward  of  the  parallel  bars,  j,  are 
placed  the  folding  rollers,  c  (/,  which  are  of  any  convenient  diameter, 
and  of  a  length  exceeding  the  width  of  the  bag  to  be  formed.  They 
are  situate  with  their  respective  centre  lines  parallel  with  each  other, 
and  with  the  centre  line  of  the  shaft  J.  Their  upper  surface  is  placed 
on  a  line  with  the  uuder  side  of  the  gauge  plate,  E,  and  the}'  are 
operated  by  a  band,  c,  from  the  pulley,  N,  and  geared  together  by  the 
wheels,  v'  x".  Above  the  line  of  contact  between  the  folding  rollers, 
c  d,  is  the  folding  blade,  s,  which  is  of  any  required  length  and  width, 
and  is  made  quite  thin  on  its  lower  edge  ;  it  is  operated  by  two 
levers,  h,  fast  on  the  cross  rocking  shaft,  a,  which  receives  a  vibrating 
motion  from  the  levers,  w  and  P,  connecting  rod,  x,  and  stud,  i. 
The  folding  roller,  d,  is  provided  with  a  vibrating  shell,  I  (see  figs.  4 
and  5),  which  is  made  as  wide  as  possible,  and  still  clears  the  folding 
blade,  s,  and  the  paste  brush,  T,  when  it  is  not  acted  upon  by  the  lever, 
a'.  It  exceeds  in  length  the  folding  roller,  d,  sufficiently  to  adjust  a 
bearing  on  each  end,  through  which  the  spindle  of  the  folding  roller,  d, 
passes,  one  of  these  bearings  terminating  in  the  lever,  a'.  This  vibrat- 
ing shell,  I,  is  curved  to  correspond  with  and  is  situated  in  close 
proximity  to  the  periphery  of  the  folding  roller,  d,  and  is  provided 
with  a  friction  spring,  m,  which  presses  upon  the  folding  roller,  d, 
thereby  bringing  back  the  shell  to  its  former  position  again,  after  it 
has  been  acted  upon  by  the  levers,  A'  t,  connecting  rod,  b',  and  stud, 
s.  T  is  the  paste  brush,  which  is  situated  above  the  folding  roller, 
d,  and  at  a  sufficient  distance  from  it  and  from  the  folding  blade, 
S,  to  clear  them,  and  to  insure  the  action  upon  it  of  the  vibrating 
shell,  I.  This  brush  is  of  any  convenient  diameter,  and  of  a  length 
corresponding  with  the  required  width  of  the  bag  to  be  formed. 
Operating  in  contact  with  the  paste  brush,  T,  is  the  paste  roller,  u, 
which  is  of  any  required  length  and  diameter,  and  works  in  the.  paste 
trough,  y,  from  which  it  transfers  to  the  paste  brush,  T,  its  supply 
of  paste. 

The  operation  of  the  machine  thus  constructed  is  substantially  as 
follows  : — The  paste  troughs,  D  v,  are  supplied  with  paste,  and  a  roll  of 
piper  is  placed  upon  the  supporting  roller,  A,  of  a  width  sufficient  to 
compass  the  gauge  plate,  E,  and  lap  over  the  required  distance  to  form 
a  seam  ;  the  end  of  the  paper  forming  the  roll  is  passed  over  the  sup- 
porting roller,  B,  with  one  of  its  edges  between  the  paste  wheel,  C,  and 
the  supporting  roller,  B.  The  paper  is  now  drawn  down  under  the 
gauge  plate,  E,  during  which  operation  the  friction  created  by  the 
motion  of  the  paper  against  the  periphery  of  the  paste  wheel,  C,  causes 
it  to  revolve  against  the  edge  of  the  paper,  thereby  applying  the  required 
line  of  paste.  One  edge  of  the  paper  is  now  drawn  between  the  folding 
rollers,  F  z,  and  along  the  surface  of  the  gauge  plate,  E.  The  other 
edge  of  the  paper  being  drawn  between  the  folding  rollers,  f'  z',  and 
along  the  gauge  plate,  E,  when  the  edge  which  is  supplied  with  its  line 
of  paste  will  be  folded  on  to  that  edge  of  the  paper  previously  folded 
on  to  the  gauge  plate,  E,  thereby  forming  the  middle  seam  of  the  bag; 
the  web  of  the  paper  now  assuming  the  form  of  a  flat  tube.  The  folded 
paper  is  drawn  forward  to  and  passed  between  the  feed  rollers,  G  H,  and 
the  carriages,  b  b.  The  operation  of  drawing  the  folded  paper  forward 
causes  the  folding  rollers,  F  z,  F'  z',  to  revolve  in  the  direction  indicated 
by  the  arrows,  by  the  friction  which,  is  produced  by  the  contact  of  the 
paper  therewith.  These  rollers  being  placed  in  an  angular  position, 
produce  an  oblique  tension  on  the  side  laps,  thereby  folding  or  straining 
them  over  the  edges  and  on  to  the  surface  of  the  gauge  plate,  E.  If 
the  feed  rollers,  G  II,  be  now  caused  to  press  upon  the  carriages,  b  b, 
between  them,  and  the  crank,  I,  be  operated  in  the  direction  indicated 
by  the  arrow,  the  carriages,  b  b,  and  feed  rollers,  g  h,  will  revolve  in  the 
direction  indicated  by  the  arrow,  thereby  drawing  through  between  them 
the  folded  paper  which  envelops  the  parallel  bars,  j,  as  it  passes  forward. 

When  the  required  length  of  folded  paper  for  forming  a  bag  has 
passed  that  point  where  the  knives,  o  o',  begin  their  action  upon  it,  the 
angular  points  of  these  knives  come  in  contact  with  and  press  it  against 
the  parallel  bars,,;,  and  a  tension  is  at  once  created  on  ihe  folded  paper 
between  the  parallel  bars,  j,  and  also  between  the  knives,  O  o',  and  the 
feed  rollers,  G II.  The  angular  points  of  the  knives,  O  o',  now  pass 
through  the  folded  paper  into  the  spaces  between  the  parallel  bars,/, 
thereby  nearly  severing  the  folded  paper,  when  the  knives,  o  o',  slightly 
lift  it  from  the  parallel  bars,  j,  and  complete  by  their  forward  move- 
ment the  process  of  severing  the  folded  paper.  One  of  the  knives,  o', 
having  been  set  forward  of  the  other,  the  lap  for  forming  the  bottom  ol 
the  bag  will  be  formed  on  the  outward  end  of  that  side  of  the  folded 
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paper  which  passes  under  the  gauge  plate,  E.  The  folded  paper  now 
moves  forward  to  and  passes  over  the  folding  roller,  c,  the  lap  forming 
the  bottom  of  the  bag  passing  on  to  the  vibrating  shell,  I,  and  to  its 
outward  edge.  This  vibrating  shell  is  now  caused  by  the  stud,  s, 
levers,  t  a',  and  connecting  rod,  b',  to  move  forward  at  a  corres- 
ponding rate  of  speed  with  the  lap  forming  the  bottom  of  the  bag, 
pressing  it  at  the  same  time  against  the  paste  brush,  T,  which,  revolving 
in  the  direction  indicated  by  the  arrow,  applies  to  it  the  requisite  quan- 
tity of  paste.  When  the  lap  forming  the  bottom  of  the  bag  has  passed 
the  required  distance  under  the  paste  brush,  T,  the  stud,  s,  passes  olf 
from  a  shoulder  on  the  lever  t,  and  the  vibrating  shell,  I,  is  brought 
back  to  its  former  position  by  the  action  of  the  friction  spring,  m,  on 
the  folding  roller,  d.  At  the  moment  the  stud,  s,  passes  off  from  the 
shoulder,  the  folding  blade,  S,  operated  by  the  stud,  i,  levers,  P  W,  h  /*', 
and  connecting  rod,  x,  has  in  its  descent  come  in  contact  with  the  folded 
paper,  forcing  it  down  between  the  folding  rollers,  c  d,  when  it  is  caught 
by  them  and  the  bottom  lap  is  folded  on  to  one  side  of  the  bag.  At  the 
moment  the  folded  paper  is  caught  by  the  folding  rollers,  c  d,  the  stud, 
i,  passes  off  from  a  shoulder  on  the  lever  p,  and  the  folding  blade,  s,  is 
raised  to  its  former  position  by  a  helical  spring.  The  vibrating  shell,  I, 
with  the  lap  forming  the  bottom  of  the  bag  upon  it,  when  operated  upon 
by  the  friction  spring,  m,  moves  backward  at  a  corresponding  rate  of 
speed  to  the  folding  blade,  B,  thereby  preventing  the  application  of  paste 
to  the  vibrating  shell.  When  the  required  length  of  the  bag  thus 
formed  has  passed  between  the  folding  rollers,  c  d,  it  is  severed  by  the 
knives,  O  o',  which  completes  the  process  of  making  the  bag.  A  second 
bag  is  then  formed  and  cut  off  in  like  manner,  the  process  being  con- 
tinuous. 
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RECENT   PATENTS, 


IMPROVEMENTS  IN  PERMANENT  WAY. 
Thomas  Hunt,  Preston.— Patent  dated  June  1,  1865. 

This  invention  relates  to  certain  peculiar  constructions  and  arrange- 
ments of  transverse  iron  sleepers  for  the  permanent  way  of  railways,  and 
to  the  mode  of  securing  the  rails  thereon  ;  and  consists — 

Firstly,  in  the  division  of  each  sleeper  into  two  parts  or  halves  longi- 


portion  of  each  end  of  the  sleeper ;  the  central  portion  being  solid,  and 
secured  to  the  above-mentioned  halves  by  bolts. 

Thirdly,  in  the  division,  transversely,  of  the  sleeper  into  two  or  more 
parts,  so  that  in  the  event  of  fracture  of  any  one  part,  the  entire  sleeper 
is  not  rendered  useless,  but  may  be  repaired  by  simply  replacing  a  sound 
part  for  the  fractured  one. 

Fourthly,  in  having  a  rib  or  ribs  or  corrugations  on  the  under  side  of 
the  sleeper,  in  order  to  give  the  desired  stiffness  and  strength  ;  which 
rib  or  ribs  or  corrugations  may,  if 
necessary,  be  so  arranged  as  to  pre- 
vent the  bolts  which  secure  the  rail 
and  sleeper  together  from  turning 
round. 

Fig.  1  of  the  engravings  is  an 
elevation  showing  the  application  of 
one  form  of  the  improved  iron  sleeper 
to  the  double  flanch  rail,  a  little  more 
than  half  the  length  of  the  sleeper 
being  shown  in  the  engraving.  Fig. 
2  is  a  plan  of  the  same,  and  one- 
half  of  the  longitudinally-divided 
sleeper,  A,  is  applied  to  the  rails,  d, 
in  such  a  manner  that  the  jaw  or 

projection,  a,  at  one  end  of  one-half  of  the  sleeper  is  inside  of  one  rail, 
whilst  a  similar  jaw  or  projection  at  the  other  end  of  the  same  half  is 
outside  the  opposite  rail ;  and  as  the  other  half  of  the  sleeper  is  simi- 
larly placed,  the  rails  are  held  between  the  two  projections,  a  a',  the 
one  being  inside  and  the  other  outside  each  rail.  The  bolt,  b,  passes 
through  the  jaws,  a  a',  and  rail,  d,  thereby  securing  all  together ; 
and  in  addition  thereto  the  iron  or  wooden  wedge,  c,  whicb  passes 
through  the  two  halves  of  the  sleeper  transversely,  on  being  driven, 
tends  to  force  each  half  of  the 
sleeper,  A,  in  opposite  direc- 
tions, thus  increasing  the  force 
by  which  the  rails  are  held  in 
position.  When  the  wedge,  e. 
is  of  iron,  the  surfaces  against 
which  it  is  driven  may  be  lined 
with  wood,  or  other  elastic  ] 
material,  e,  let  into  recesses 
cast  in  each  half  of  the  sleeper 
to  prevent  the  wedge,  c,  from 
slipping  outwards.  The  projections  or  jaws,  a  a',  which  support  and  grip 
the  rails,  are  arranged  so  as  to  fit  the  sides  thereof;  and  as  each  ra;l  is 
suspended  by  the  underside  of  its  upper  flanch,  the  wearing  surface  of 
its  bottom  flanch  is  not  indented  by  contact  with  the  sleeper.  The  two 
half  sleepers  are  secured  to  each  other  by  bolts  passing  through  slots,  one 
of  which  bolts  is  shown  at  g.     In  lieu  of  having  a  single  wedge,  o,  as 
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tudinally  throughout  its  whole  length ;  one  end  of  each  part  or  half 
having  a  projection  upon  its  upper  surface  which  fits  against  the  inside 
of  the  rail,  the  other  end  having  a  similar  projection  which  fits  against 
the  outside  of  the  rail.  The  projections  on  the  other  half  of  the  sleeper 
are  placed  in  the  reverse  position  as  regards  the  rail,  which  is  gripped 
between  the  respective  projections  by  a  wedge  or  wedges,  or  by  bolts. 
Secondly,  in  the  division  into  two  halves,  longitudinally,  of  only  a 


shown,  in  the  centre  of  the  sleepers,  two  such  wedges  may  be  cm- 
ployed,  situate  at  any  convenient  distance  between  the  rails.  Figs.  3 
and  4  represent  respectively  an  elevation  and  plan  of  one  end  of  the 
same  construction  of  sleeper  applied  to  the  flat-bottomed  rail.  In  this 
application,  the  projections  or  jaws,  a  a',  at  each  end  of  the  sleeper,  grip 
the  bottom  flanch  only  of  the  rail,  d,  and  each  half  sleeper  is  provided 
with  a  recess,  filled  in  with  wood  or  other  elastic  material,  /,  forming 
the  seat  for  the  rail ;  the  wedge,  c,  before  referred  to,  by  forcing  each 
half  sleeper  in  opposite  directions,  causing  the  jaws,  a  a',  to  grip  the 
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lower  flancli  of  the  rail,  d,  with  sufficient  force  to  retain  it  in  position. 
The  two  half  sleepers  are  secured  together  by  bolts,  as  in  figs.  1  and  2, 
and  fig.  5  represents  a  plan  of  one  end  of  the  first-mentioned  sleepers, 
as  applied  to  the  fl.it-bottomed  rail.  In  this  arrangement  the  rail,  d, 
is  bolted  by  the  bolts,  b  b,  directly  upon  each  sleeper ;  the  seat  of  the 
rail,  d,  being  inclined  to  give  it  the  requisite  angle  or  cant.  Each  half 
sleeper  is  provided  with  projections,  a  a',  for  the  purpose  of  assisting 
the  bolts,  b,  in  keeping  the  rails  to  the  proper  gauge.  Figs.  6  and  7 
represent  an  elevation  and  plan  of  one  end  of  the  same  sleeper  applied 
to  the  double-headed  rail  with  a  wood  key.     In  this  arrangement  the 

wood  key,  h,  secures  the  rail,  d, 
Fig.  10.  between  the  projections  or  jaws, 

a  a',  of  each  half  sleeper,  and 
the  latter  are  held  together  by 
bolts  at  g.  Figs.  8  and  9  repre- 
sent an  elevation,  plan,  and  end 
view  of  a  portion  of  a  wrought 
or  cast  iron  sleeper,  divided  longitudinally  throughout  its  whole  length 
into  two  portions  or  halves,  each  being  of  an  angular  or  |~~  shape. 
The  two  halves,  x  x,  are  secured  together  by  the  bolts,  g,  thus  form- 
ing a  plain  base  upon  which  the  chairs,  z  z,  are  bolted  by  the 
bolts,  bbbb.  The  chairs,  zz,  each  have  a  single  jaw,  a  and  a', 
respectively,  one  of  which,  a,  is  fitted  against  the  inside,  and  the  other, 
a,  against  the  outside  of  the  rail,  d,  thus  securing  the  rail  in  position. 
Fig.  10  represents  an  end  view  of  a  portion  of  a  cast  or  wrought  iron 
sleeper,  with  a  plain  upper  surface  and  four  longitudinal  ribs  or  corru- 
gations underneath.  The  rail,  d,  is  secured  to  the  sleeper  by  the  bolts, 
b b,  the  heads  of  which  fit  in  between  the  corrugations  or  ribs,  c  c  cc, 
and  are  thus  prevented  from  turning  round  or  slackening.  To  this 
sleeper  can  be  applied  the  ordinary  double-headed  or  other  section  of 
rail  which  are  seated  in  a  chair. 


WHEELS. 

J,  H.  Johxson,  London  and  Glasgow. — Communicated  by  Robert 
Elsden,  St.  Petersburg}). — Patent  dated  13tt  June,  1865. 

This  invention  relates  to  a  new  manufacture  of  that  class  of  wheels 
known  as  "disc  wheels,"  which  are  composed  partly  of  wood  and  partly 
of  metal,  and  has  for  its  object  the  diminishing  the  risk  of  breakage  of 
the  wheels.  In  making  a  disc  wheel  according  to  this  invention,  the 
tyre  of  the  wheel  is  laid  down  upon  a  metal  block  or  bed  having  a  hole 
in  the  centre,  and  turned  out  so  as  to  correspond  with  the  inside  section 
of  the  wheel.  Inside  the  tyre  there  may  be  placed,  if  desired,  a  safety 
ring,  with  a  view  to  the  more  securely  holding  in  their  places  the 
wooden  blocks  which  compose  the  main  inner  portion  of  the  wheel. 
These  blocks  must  be  previously  shaped  to  the  form  of  sections  or 
segments  of  a  disc,  so  as  to  fit  accurately  into  their  places  round  the 
interior  of  the  tyre.  If  a  single  safety  ring  be  used  it  may  be  fitted 
into  a  groove  or  recess  made  in  the  periphery  of  the  blocks,  or  if  two 
safety  rings  are  used  they  may  be  fitted  into  annular  recesses  made  one 
on  each  side  of  the  blocks  at  their  circumference,  and  fit  inside  the 
tyre  with  the  ends  of  the  blocks  themselves.  These  safety  rings 
will  be  useful  in  holding  the  blocks  together  in  case  of  fracture  or 
displacement  of  the  tyre.  A  tapered  mandrill  is  then  forced  by 
hydraulic  or  other  pressure  into  the  circular  opening  left  at  the  inner 
or  converging  ends  of  the  several  blocks  at  the  centre  of  the  wheel,  the 
effejt  of  such  tapered  mandrill  being  to  force  outwards  equally  the 
whole  of  the  wooden  blocks  and  cause  them  to  enter  the  recess  formed 
for  their  reception  in  the  interior  of  the  tyre.  A  central  metal  "  bed 
ring,"  slightly  tapered  on  its  outer  circumference  and  made  solid  or 
otherwise,  is  then  forced  into  the  centre  of  the  wheel  by  hydraulic  or 
other  power,  so  as  to  form  a  bed  or  bearing  surface  for  the  inner  ends 
of  the  wooden  blocks.  The  main  centre  or  boss  of  the  wheel,  if  not 
already  in  position,  is  then  placed  inside  the  "  bed  ring  "  and  secured  in 
its  place  by  keys  which  are  driven  in  between  the  boss  and  the  "  bed 
ring,"  suitable  keyways  being  made  in  each  for  that  purpose.  If 
desired,  a  "lock  ring"  ma}'  be  employed,  made  in  two  or  more  parts 
forming  a  circle,  which  is  let  into  an  annular  groove  made  to  receive  it 
in  the  boss,  the  parts  being  secured  in  their  places  in  the  boss  by  bolts, 
rivets,  pins,  or  otherwise.  Should  there  be  any  space  left  between 
the  edges  of  the  wooden  block  last  inserted  and  the  adjoining  blocks, 
wooden  keys  or  wedges  may  be  driven  therein  so  as  to  tighten  the 


blocks  well  up  in  the  interior  of  the  wheel.  The  wheel  is  then  ready 
for  finishing  in  the  lathe.  In  some  cases  where  greater  strength  is 
required,  it  is  proposed  to  pass  strengthening  bolts  with  mitred  heads 
through  the  "  bed  ring,"  and  to  screw  them  into  the  safety  ring  in  the 
tyre  when  such  ring  is  used;  in  which  case  the  "bed  ring"  should  be 
made  of  rather  larger  diameter  than  is  requisite  when  such  bolts  are 
not  employed.  In  lieu  of  the  lock  ring  above  referred  to,  a  substitute 
ring  may  be  screwed  on  to  the  centre  or  boss  of  the  wheel,  and  secured 
by  bolts,  rivets,  or  pins.  By  having  square  or  oblong  holes  made  in 
the  lock  ring,  or  substitute  ring  of  rather  smaller  size  than  the  heads 
of  the  keys,  provision  will  be  afforded  for  allowing  the  keys  to  be 
tightened  up  when  the  wheel  is  at  rest.  The  wooden  blocks  may  be 
either  all  made  to  fit  together  as  segments  or  sections  of  a  disc,  or  two 
or  more  of  such  blocks  may  be  wedge-shaped  in  the  reverse  direction 
to  the  segments ;  that  is  to  say,  with  their  narrower  ends  in  the  tyre 
and  their  broad  ends  against  the  "  bed  ring." 

Fig.  1  of  the  engravings  represents  a  side  elevation  of  a  complete 


Fig.  1. 


Fig.  2. 


wheel  constructed  according  to  this  invention.     Fig.  2  is  a  horizontal 
section  of  the  same  taken  through  the  centre  thereof. 

In  making  this  wheel  a  metal  block  with  a  hole  in  the  centre,  and 
turned  out  to  correspond  with  the  inside  section  of  the  wheel,  is  placed 
upon  the  ground  or  upon  a  suitable  foundation,  and  the  tyre,  A,  of  the 
wheel  is  placed  upon  it.  The  wooden  blocks,  B  b',  having  been 
accurately  finished  to"  size  so  as  to  occupy  the  space  between  the  inner 
circumference  of  the  tyre,  A,  and  the  outer  circumference  of  the  "  bed 
ring,"  c,  are  then  placed  upon  the  metal  block  with  their  outer  ends 
within  the  recess  of  the  tyre.  The  last  block  of  the  series  forming  the 
wooden  disc  is  then  forced  into  its  place,  after  which  a  tapered  mandrill 
attached  to  a  vertical  shaft  is  brought  down  into  the  central  aperture  in 
the  disc  and  forces  outwards  the  whole  of  the  blocks  equally,  causing 
them  to  be  pressed  into  the  recess  in  the  tyre.  The  "  bed  ring,"  c, 
made  to  the  proper  size,  and  solid  or  otherwise,  and  with  a  slight  draw 
upon  it,  is  then  forced  into  the  centre  of  the  wheel  by  hydraulic  or 
other  power,  so  as  to  hold  the  blocks  firmly  inside  the  recess  in  the  tyre. 
The  blocks  and  "bed  ring"  having  been  forced  home,  the  boss,  D,  if 
not  already  in  position,  is  then  placed  upon  the  metal  block  by  removing 
the  partly  finished  wheel  and  lowering  it  upon  the  boss  which  enters 
the  interior  oi  the  "  bed  ring,"  the  inner  ends  of  the  several  blocks 
being  thus  gripped  between  the  respective  flanges  of  the  boss  and  the 
"  bed  ring."  a  a  are  cylindrical  bolts  or  keys  which  are  driven  in 
between  the  centre  or  boss,  D,  and  the  "  bed  ring,"  and  rivetted,  or  other- 
wise secured  in  their  places,  suitable  keyways  or  slots  being  cut  in  the 
outer  surface  of  the  boss  and  the  inner  surface  of  the  "bed  ring"  to  receive 
them*  By  driving  in  bolts,  a,  and  subsequently  rivetting  them,  the  boss 
is  not  only  prevented  from  slipping  out  of  the  "  bed  ring,"  but  is  also 
prevented  from  turning  round  therein.  The  blocks  b',  of  the  series, 
are  tapered  in  the  reverse  direction  to  the  blocks  or  segments  b,  si  as 
to  act  as  wedges  when  forced  outwards  by  the  tapered  mandrill,  and 
tighten  up  the  whole  of  the  blocks  laterally.  Before  inserting  the 
blocks  into  the  tyre,  a  recess  is  cut  on  their  opposite  sides,  at  their  outer 
circumference,  to  receive  the  safety  rings,  b  b,  which  are  placed  in 
position  after  the  blocks  have  been  forced  home,  and  are  secured  to  the 
blocks  by  bolts  or  rivets,  e  c,  as  shown.  The  inner  edges  of  the  tyre 
are  then  turned  over  on  to  the  rings,  b  b,  so  as  to  lock  them  in  the 
recess  in  the  tyre,  after  which  the  wheel  may  be  placed  in  the  lathe  for 
the  final  finish,  and  will  then  be  ready  for  painting. 
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IMPROVEMENTS  IN  PLOUGHS. 
John  Eddy,  Kennford: — Patent  dated  May  12,  18G5. 
This  invention  relates  to  what  are  known  as  "turn- wrest"  or  one-way 
ploughs,  and  also  to  single  ploughs,  and  lias  for  its  object  the  effectual 
burial  of  the  surface  soil  by  throwing  up  the  subsoil  over  it  and  breaking 
up  the  furrow,  so  as  to  leave  the  surface  comparatively  smooth  and 
level  and  ready  for  seeds  without  the  necessity  for  the  subsequent 
operation  of  harrowing.  As  the  "  flys"  hitherto  used  in  turn-wrest 
ploughs  are   entirely  dispensed  with  in   the    improved   plough,   it  is 


not  liable  to  choke  or  clog  up,  and  is  well  adapted  for  fallow  land 
and  more  easy  of  draught  than  the  ordinary  turn-wrest  ploughs 
The  engraving  represents  a  complete  side  elevation  of  the  im- 
proved turn-wrest  plough.  In  carrying  out  this  invention  as  regards 
the  turn-wrest  plough,  it  is  proposed  to  employ  two  sets  of  two 
mould  boards,  A  B  and  A'  b',  with  their  corresponding  shares,  c  D  and 
c'  d',  the  one  set,  A  B,  c  D,  being  in  the  reverse  direction  to  the  other  set, 
A'  b',  c'  d'.  The  front  share  and  mould  board  in  each  set  are  intended 
for  removing  and  turning  over  the  surface  soil  or  "  spine,"  and  foi 
ploughing  in  long  dung  or  manure,  whilst  the  rear  share  and  mould 


board  are  intended  for  ploughing  deeply  into  the  subsoil,  they  being  set 
considerably  deeper  than  the  front  ones  for  that  purpose,  and  their 
operation  is  to  bring  up  the  subsoil  and  turn  it  over  on  to  the  surface 
soil  or  "  spine  "  already  turned  over  by  the  front  share  and  mould  board. 
A  small  knife,  c  c,  may,  if  desired,  be  fitted  to  or  formed  on  the  shares, 
C  c',  on  the  land  side,  or  an  ordinary  coulter  employed  for  parting  the 
surface  soil.  These  rear  mould  boards,  B  b',  are  shorter  and  are 
curved  much  sharper  than  ordinary  mould  boards,  in  order  that  the}' 
ma}'  break  up  the  soil  in  lieu  of  laying  it  in  the  form  of  ledges  and 
furrows,  so  that  as  the  plough  passes  along  it  leaves  the  land  ready  for 
sowing.  The  pitch  or  inclination  of  the  front  share  and  mould  board, 
c  A  or  c'  a',  is  varied  by  fixing  the  clamps,  E  e',  which  hold  the 
stems,  F  f',  of  the  front  mould  boards  in  each  set  on  a  curved  portion, 
G  a',  of  the  beam,  n,  so  that  by  simply  moving  the  clamp,  e  or  e', 
and  stem,  F  or  f',  as  the  case  may  be,  forward  or  backward  along  the 
beam,  the  pitch  may  be  varied  to  any. extent  required.  Or  if  preferred, 
the  front  mould  board  may  be  secured  to  the  bottom  of  the  Btem  by 
means  of  serrated  or  ratchet  legs,  I  i',  capable  of  being  set  at  any  angle, 
and  held  together  by  a  bolt  and  nut.  The  front  guiding  wheels,  K  k 
and  k'  k1,  which  regulate  the  depth  and  width  oi  the  furrow,  have  both 
their  standards,  L  I  and  i/  I',  secured  to  one  cross  bar  or  circle,  M  M', 
which  is  adjustable  laterally  across  the  beam,  H,  in  lieu  of  having  a 
separate  circle  for  each  wheel  standard.  This  enables  the  land  wheel, 
k  or  k',  to  bo  set  some  few  inches  to  landward  of  the  furrow,  so  as  to  he 
clear  of  the  track  of  the  shares.  N  N  are  the  reversible  handles  con- 
nected by  a  bolt,  n,  to  the  longitudinal  centre  of  the  beam,  and  locked 
in  position  by  a  spring  lever  catch  or  other  suitable  contrivance.  These 
improvements  are  also  applicable  to  existing  turn-wrest  ploughs,  it  being 
simply  necessary  to  remove  the  "flys"  and  to  fill  up  the  open  space 
which  will  be  left  by  a  sharp  curve,  and  to  add  the  front  share  and 
mould  board.  By  dividing  the  improved  turn-wrest  plough  so  as  to 
have  one  set  only  of  two  shares  and  mould  boards,  the  same  effect  is 
obtained  in  the  form  of  a  single  plough.  It  is  obvious  that  these  im- 
provements are  all  applicable  to  ploughs  intended  for  steam  cultivation. 


SINKING  WELLS. 

J.  H.  Johnson,  London  and  Glasgow. — Communicated  by  James 
Suggett,  Portland,  U.  S.  A.— Patent  dated  30th  Nov.,  1865. 

This  invention  relates  to  a  simple  mode  of,  and  apparatus  for,  sinking 
and  operating  wells.  In  carrying  out  this  invention,  a  bore  is  first 
made,  with  any  ordinary  drill  of  the  same  or  larger  size  than  the  pipe  to 
be  used  for  drawing  the  water,  to  the  desired  depth.  The  drill  is  then 
entirely  withdrawn.  An  iron  pipe,  a  a,  is  prepared  (shown  in  the 
accompanying  engraving),  which  may  be  lengthened  as  desired  by  adding 
pieces,  connecting  them  by  means  of  the  collar,  d,  into  which  they  are 


lightly  screwed.  The  lower  end  of  the  pipe  is  perforated  with  holes, 
c  c  c,  for  a  space  of  one  or  two  feet,  to  allow  water  to  flow  in  freely. 
In  the  end  of  the  pipe  is  fitted  and  rivetted  a  conical  point,  b.  The 
perforated  portion  of  the  pipe  may  be  filled  with  old  rope  or  rags  to 
prevent  dirt  sifting  in  in  its  passage  through  the  soil,  such  rope  to 
be  drawn  up  through  the  pipe  after  it  is  put  down.  The  pipe  thus 
prepared  is  driven  down  into  the  hole  prepared  by  the  drill,  and  pieces 
are  added  as  it  is  forced  down  until  the  perforated  portion  reaches 
water.  Any  desired  pump  is  then  screwed  or  soldered  on  to  the  upper 
end  of  the  pipe.  After  a  slight  pumping  the  loose  dirt  about  the  holes, 
c  c,  is  drawn  off,  and  a  perfect  well  is  formed. 

By  the  old  method  a  pipe  was  forced  down  in  company  with  the 
drill  to  the  desired  depth.  The  drill  was 
then  drawn  up  inside  the  pipe,  leaving  the 
pipe  to  act  as  a  wall  or  curb  for  the  well.  A 
separate  suction  or  draw  pipe  was  then 
passed  down  inside  the  first  pipe.  One  great 
difficulty  in  this  method  was  experienced  in 
forcing  down  the  first  pipe,  as  it  must  be 
always  larger  than  the  drill  to  admit  of  the 
drill  being  drawn  out  inside  the  pipe,  and  to 
reduce  the  pipe  in  size  as  much  as  possible 
it  was  necessary  to  use  thin  and  consequently 
weak  pipe,  which  would  not  bear  driving. 
Whereas,  by  this  improved  method,  the 
drill  being  first  put  down  alone,  it  can  be 
used  as  large  or  larger  than  the  pipe  and 
thus  remove  all  obstructions,  while  the  pipe 
which  is  to  be  put  down  after  the  drill  is 
taken  out  may  be  made  of  any  desired  thick  - 
Dess,  and  of  strength  sufficient  when  armed 
with  the  sharpened  point,  b,  to  bear  the 
necessary  driving.  This  method  dispenses  also  with  one  pipe,  the 
pipe  above  referred  to  answering  for  both  curb  to  the  well  and  suction 
or  draw  pipe. 

Instead  of  the  rags  or  rope  in  the  perforated  portion  of  the  pipe,  an 
auxiliary  pipe  or  rod  of  a  diameter  to  fit  the  interior  of  the  main  pipe 
may  be  used  to  keep  it  free  from  obstructions.  When  the  well  is  sunk 
this  auxiliary  pipe  or  rod  is  withdrawn ;  or  the  perforations  may  be 
temporarily  protected  by  an  outer  pipe  or  sleeve  until  the  requisite 
depth  is  attained.  The  sleeve  is  then  slipped  up  and  the  perforations 
are  exposed.  The  latter  mode  is  preferable  when  the  well  is  sunk 
through  quicksand,  or  other  like  substance,  apt  to  fill  the  perforations 
of  the  main  pipe.  The  pointed  rod  may  be  driven  by  means  of  a  pile 
driver  or  sledge,  if  the  soil  is  not  too  compact. 
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Taxgte  9.  Stott. — Weston's  Patent  Pulley  Blocks. — Before  Vice- 
Chancellor  Sir  W.  P.  Wood,  January  31st,  and  February  8th  and  12th,  18G6. 
This  case,  in  which  issues  had  been  tried  as  reported  in  our  January  number,  p. 
304,  again  came  before  the  court  on  a  motion  tor  a  new  trial.  The  trial,  which 
occupied  an  entire  week  before  his  Honour  and  a  special  jury  in  December  last, 
was  for  the  purpose  of  determining  the  validity  of  Weston's  patent  for  improve- 
ments in  pulley  blocks,  and.  the  question  of  infringement  by  the  defendant.  A 
verdict  was  found  for  the  plaintiffs  on  all  the  issues,  and  the  defendant  now  inoved 
for  a  new  trial  on  the  ground  of  misdirection,  improper  rejection  of  evidence 
tendered  by  the  defendant,  improper  comments  upon  the  demeanour  and  evidence 
of  one  of  the  defendant's  witnesses,  and  lastly,  that  the  verdict  was  against  the 
weight  of  evidence. 

Mr.  Willcock,  Q.C.,  Mr  Daniel,  Q.C.,  and  Mr.  J.  Lorence  Bird,  appeared  in 
support  of  the  motion ;  Mr.  Grove.  Q.C.,  Mr.  Giffard,  Q.O.,  Sir.  Theodore  Aston, 
and  Mr.  Lawson,  instructed  by  Mr.  J.  Henry  Johnson,  of  Lincoln's  Inn  Fields  and 
Glasgow,  appeared  for  the  plaintiffs  ;  Mr.  Druce  was  for  the  defendant  John  Stott, 
against  whom  there  had  been,  in  effect,  a  nonsuit. 

The  Vice-Chancellor  (who  had  intimated  more  than  once  in  the  course  of  the 
Argument  that  he  was  perfectly  satisfied  with  the  verdict  of  the  jury  upon  the 
evidence)  said  that  he  was  not  disposed  to  put  the  parties  to  the  very  great  expense 
of  a  new  trial;  but,  at  the  same  time,  he  did  not  wish  to  preclude  the  defendants 
from  discussing  that  which  was  the  true  question,  viz.,  the  construction  of  the 
specification.  His  Honour  then  proceeded  to  discuss  at  great  length  the  summing 
np  of  the  late  Mr.  Justice  Patteson  in  the  case  of  "  Jones  v.  Pearce,"  which  he  had 
adopted  in  his  own  charge  to  the  jury,  as  a  correct  and  authoritative  statement  of 
the  law  as  to  the  distinction  between  mere  experiment  and  actual  prior  user  of  the 
invention,  in  cases  where  it  was  sought  to  invalidate  a  patent  on  the  ground  of 
want  of  novelty.  The  direction  of  that  learned  and  eminent  judge  had  not  been 
overruled  by  the  House  of  Lords,  although  the  inference  which  had  been  put  upon 
it  by  the  Court  of  Session  was  corrected  by  their  lordships  in  the  case  of  the 
u  Househill  Coal  Company  v.  Neilson,"  6  CI.  and  Finn.,  Bouse  of  Lords  Cases. 
He  did  not  conceive,  therefore,  that  he  ou^ht  to  grant  a  new  trial  on  the  ground 
that  he  had  adopted  Mr.  Justice  Patteson 's  summing  up  as  his  statement  of  the 
law.  Nor  did  he  think  that  that  summing  up,  or  the  way  in  which  he  had  used  it, 
was  in  any  way  calculated  to  mislead  the  jury,  looking  at  the  evidence  and  the 
manner  in  which  he  had  presented  it  to  them.  If  the  elaborate  comments  and 
observations  of  the  House  of  Lords  upon  that  summing  up  had  been  at  the  time 
brought  to  his  notice,  he  might  have  guarded  his  observations  so  as  to  avoid  all 
possibility  of  misconception.  But  he  repeated  that  in  his  opinion  no  misconception 
did  or  could  arise.  His  Honour,  after  adverting  in  a  judgment  of  great  length  to 
the  various  points  that  had  been  raised,  refused  the  motion  for  a  new  trial ;  but  his 
Honour  intimating  that  it  would  be  desirable  that  the  facts  as  to  an  alleged  antici- 
pation of  Weston's  patent  for  differential  pulleys  by  the  model  and  working  pulley 
constructed  by  Mr.  Moore,  of  Bristol,  between  1830  and  1838,  and  alluded  to  by 
Dr.  Carpenter  in  his  work  on  Mechanical  Philosophy,  published  in  1844,  should  be 
stated  either  by  admission  or  by  special  verdict,  so  as  to  give  the  defendant  the 
opportunity  of  raising  in  the  Court  of  Appeal  the  question  of  misdirection  upon 
this  point — the  plaintiffs'  counsel  were  heard  upon  that  point. 

Mr.  Grove,  Q.C.,  pointed  out  that  the  practice  in  trials  of  issues  before  the  Court 
of  Chancery  under  21  and  22  Vict.,  c.  27,  had  been  assimilated  to  that  of  the 
Courts  of  Common  Law,  and  that  the  right  of  appeal  from  the  decision  of  the 
.  Court  (sitting  in  banco)  upon  a  motion  for  a  new  trial  would  be  limited  to  ques- 
tions of  law,  such  as  misdirection,  &c.  So,  in  this  case,  the  defendant,  in  appeal- 
ing from  his  Honour's  refusal  of  the  motion  for  a  new  trial,  would  be  entitled  to 
adduce  anything  that  would  show  that  in  point  of  law  the  jury  had  come  to  a 
wrong  conclusion  on  the  admitted  facts.  He  was  not  entitled,  however,  to  appeal 
from  his  Honour's  decision  that  the  verdict  was  not  against  the  weight  of  evi- 
dence. With  respect  to  Mr.  Moore's  invention  there  was  no  conflict  of  evidence. 
The  facts  proved  might  be  stated,  and  the  defendant  would  be  at  liberty  to 
appeal  from  what  he  considered  as  a  misdirection  as  to  the  effect  of  those  facts. 

The  Vice-Chancellor  said  that  he  adhered  to  his  former  decision,  that  there  was 
no  ground  for  granting  a  new  trial  on  the  ground  of  misdirection.  To  prevent  any 
mistake,  however,  as  to  the  grounds  of  his  direction  to  the  jury,  he  had  drawn 
up  a  statement  of  the  facts  proved  in  evidence  as  to  the  user  of  Moore's  pulley 
about  1838,  and  its  subsequent  abandonment.  His  Honour,  after  adverting  to  his 
exclusion  of  evidence  proposed  to  be  given  on  behalf  of  the  defendant  as  to  experi- 
ments made  upon  the  principle  described  in  Dr.  Carpenter's  book,  concluded  by 
refusing  the  motion  for  a  new  trial,  with  costs. 

The  case  then  proceeded  upon  motion  for  decree  which  had  been  appointed  to 
follow  immediately  upon  the  termination  of  the  trial  of  the  issues  directed  in 
the  canse. 

Mr.  Willcock,  Q.C.,  Mr.  Daniel,  Q.C.,  and  Mr.  Lorence  Bird,  on  behalf  of  the 
defendant,  objected  that  the  cause  was  in  the  paper  for  hearing  prematurely,  and 
that  it  ought  to  stand  over  until  the  result  of  the  appeal  from  his  Honour's  decision 
refusing  a  new  trial  could  be  ascertained. 

The  Vice-Chancellor  overruled  this  objection,  observing  that  there  would  be  great 
hardship  in  keeping  a  patentee,  whose  privileges  were  for  a  limited  period  only,  out 
of  the  fruits  of  his  patent  in  every  case  until  the  result  of  an  appeal,  possibly  to 
the  House  of  Lords,  could  be  ascertained,  involving  a  possible  delay  of  years. 

The  argument  upon  the  specification  then  proceeded,  and  at  the  conclusion  his 
Honour  delivered  his  judgment. 

The  Vice-Qhancellor— I  think,  on  the  whole,  having  had  the  length  of  time 
which  I  have  had  to  consider  this  case,  in  all  its  various  shapes,  that  I  ought  at 
once  to  state  what  my  conclusion  is.  I  ought  to  say,  as  regards  this  particular 
part  of  the  case,  viz.,  the  extent  t )  which  Moore's  invention  was  carried  out,  that 
it  is  worthy  of  very  grave  consideration,  and  is  a  part  of  the  case  which  I  should 
have  been  exceedingly  pleased  if  I  could  have  had  discussed  and  argued  before 


me  without  that  unhappy  part  of  the  case  on  which,  if  I  have  made  any  failure  in 
arriving  at  a  right  conclusion,  would  most  certainly  have  tended  to  have  exceedingly 
embarrassed  the  whole  proceeding. 

Now,  that  unfortunate  part  of  the  case  on  which  Air.  Stott  set  up,  as  it  seems  to 
me,  a  most  unreasonably  false  statement — unreasonable  and  improbable  in  the 
highest  degree,  as  has  been  established  by  the  verdict  of  the  jury,  as  well  as  to  my 
own  satisfaction — with  respect  to  his  actual  previous  manufacture  of  this  invention, 
occasioned  me  to  require  the  assistance  of  the  jury.  If  that  case  had  not  been  set 
up,  I  should  not  have  required  the  assistance  of  a  jury,  because  the  whole  of  Mr. 
Moore's  case,  as  appeared  to  me  at  the  first  hearing  and  as  appears  to  me  now,  is  a 
case  as  to  facts  wholly  undisputed ;  and  the  only  question  was,  what  was  the 
proper  conclusion  to  be  arrived  at  on  those  facts?  Having  the  jury  here,  it  became 
necessary  to  submit  that  part  of  the  case  to  their  consideration  also,  although  I 
should  not  have  thought  it  necessary  to  have  had  them  here  for  that  purpose,  because 
the  judgment  of  any  court  or  judge,  without  the  assistance  of  a  jury,  could  have 
been  exercised  as  well  upou  those  facts  as  the  judgment  of  a  jury.  Therefore,  as  I 
said  before,  if  there  has  been  any  miscarriage  with  reference  to  that  particular 
portion  of  the  case  with  regard  to  the  direction  to  the  jury,  I  shall  greatly  regret 
it,  because  it  has  only  been  occasioned  by  the  necessity  of  calling  them  in  on  that 
other  part  of  the  case. 

Now,  this  part  of  the  case  is  one  of  considerable  importance  to  be  tried.  For 
that  reason  I  have  endeavoured  to  put  my  reasons  for  refusing  a  new  trial  in  such 
a  shape  as  to  bring  the  whole  question  before  any  other  tribunal  who  may  have  to 
consider  it,  namely,  what  is  the  exact  effect  of  Moore's  invention,  and  the  extent 
to  which  it  proceeded,  because  I  do  feel  there  would  be  considerable  difficulty  in 
Mr.  Weston's  case,  if  Air.  Moore  had  been  shown  to  have  carried  to  a  complete  and 
perfect  machine  that  thing  which  he  exhihited  at  the  exhibition.  But  I  confess 
it  appeared  to  me  very  doubtful  at  first,  although  I  d:d  not  think  it  necessary  that 
a  jury  should  be  called  in  in  that  respect — it  appeared  to  me  doubtful,  regard  being 
had  to  the  case  of  Jones  v.  Pearce,  wholly  irrespective  of  the  particular  direction 
given  by  Mr.  Justice  Patteson,  whether  Moore's  could  be  claimed  in  anticipation. 

Therefore,  before  considering  the  exact  wording  of  the  specification  and  what  it 
claims,  I  wish  to  say  a  few  words  on  what  I  consider  to  be  the  effect  of  Moore's 
invention,  assuming  that  the  differential  pulley,  in  totidem  verhis,  was  claimed, 
without  embarrassing  it  with  any  question  as  to  the  particular  mode  of  gearing  the 
chain.  After  hearing  all  the  undisputed  evidence  with  regard  to  Moore,  it  seems 
to  me  that  the  case  is  a  much  weaker  case  fur  disposing  of  the  claim  of  the  subse- 
quent inventor  than  the  case  which  was  before  Sir.  Justice  Patteson.  In  that  case 
an  invention,  quite  as  similar  as  anything  that  has  here  been  produced  by  Mr. 
Moore,  was  produced  for  the  consideration  of  the  judge  and  the  jury,  which  would 
seem  to  have  anticipated  the  invention  of  the  patentee  in  every  respect  but  this, 
that  although  the  idea  was  there,  and  although  the  idea  had  been  worked  for  a 
year,  and  worked  for  a  year  in  a  certain  sense,  it  had  not  beim  worked  effectively, 
because  it  had  broken  down  and  would  not  go  on.  It  had  been  tried  for  a  year ; 
it  had  been  used  on  public  roads ;  but  for  some  reason  or  other,  there  was  the  one 
thing  wanting  to  make  it  a  perfect  and  complete  invention,  namely,  that  it  should 
be  a  distinctly  useful  invention,  which  could  be  brought  into  use  by  those  who 
desired  to  have  the  benefit  of  it,  and  which  failed  from  the  want  of  some  one  thing 
or  other  (what  it  was  it- is  perhaps  hardly  necessary  to  inquire  now),  there  was 
one  thing  wanted  which  prevented  its  being  a  completely  useful  machine.  Here, 
I  confess,  on  the  evidence  before  me,  without  availing  myself  of  the  verdict  of  the 
jury  at  all,  but  simply  on  the  evidence  as  it  stands  before  me,  and  on  the  facts  I 
have  stated,  and  which  appear  to  me  uncontradicted,  it  seems  to  me  that  Moore 
had  not  produced  for  mankind  an  invention  of  which  mankind  could  avail  them- 
selves. He  had  gone  very  far  towards  it;  he  had  shown  very  great  ingenuity;  but 
it  may  have  been  in  the  same  way  (to  use  the  illustration  I  did  before)  that  he 
adopted  with  regard  to  his  machine  for  running  ou  roads,  he  has  not  brought  that 
yet  to  perfection;  it  may  be  that  that  did  run  a  few  yards  in  his  yard,  it  is  very 
possible  that  it  did,  and  yet  it  would  not  run  upon  the  public  roads.  If,  after- 
wards, a  man  treading  exactly  in  his  steps,  brought  out  something  that  would 
achieve  the  object  of  making  useful  that  thing,  I  apprehend  that  that  man  would 
be  entitled  to  a  patent,  although  Mr.  Moore  had  been  making  a  variety  of  experi- 
ments to  bring  it  to  perfection,  and  he  had  brought  it  to  all  but  perfection  by  his 
own  ingenuity. 

Now,  what  Moore  did  was  this ;  he  hit  upon  the  notion  suggested  by  the 
Chinese  axle,  described  in  Dr.  Carpenter's  hook,  like  other  persons  whose  minds 
have  been  turned  to  this  sort  of  inquiry ;  and  having  done  that,  he  hit  upon  this 
species  of  pulley  described  in  Dr.  Carpenter's  book,  and  illustrated  it  by  the  little 
model  exhibited  at  the  exhibition.  It  was  worked  by  means  of  these  pins;  and 
being  worked  by  means  of  these  pins  which  projected  from  it  as  the  mode  of 
gearing  the  chain  with  the  pulley,  as  one  of  his  own  men  described  it,  "  what  we 
wanted  to  lift  in  that  yard,  we  lifted"  (which  was  an  excessively  limited  user); 
about  two  or  three  years  things  have  been  lifted  from  time  to  time,  not  using  it 
the  whole  course  of  those  years,  because  otherwise  it  would  have  been  much  more 
used  than  it  appeared  to  be  when  we  had  it  here  before  us.  It  was  manifest  on. 
the  evidence  before  us,  as  well  as  from  ocular  inspection,  still  more  on  the  evidence 
of  the  witnesses,  who  are  more  competent  to  speak  than  our  eyes  may  be  to  judge, 
that  that  machine  had  been  by  no  means  extensively  used.  When  used,  the 
witnesses  described  it  as  being  used  for  poising,  rather  than  raising  up,  in  the  air, 
the  weight  that  had  to  be  poised  up  to  a  certain  angle;  and  in  one  case  it  lifted 
a  boiler  so  that  people  could  walk  under  it,  and  in  another  case  it  dragged  up  a 
bale  of  leather  from  a  cellar  close  by.  That  was  all  the  thing  had  done  during  the 
two  or  three  years  it  was  employed ;  and  one  of  the  witnesses  described  it  as  a  thing 
which  might  have  worked  better,  if  the  pins  had  been  a  little  longer,  if  it  had  been 
a  little  something  better  it  would  have  worked  better,  and  he  said  it  caught  and 
jerked,  and  so  on.  What  does  Moore  do?  He  is  an  ingenious  inventor,  and  we 
do  not  find  that  he  invents  for  amusement,  but  he  is  anxious  to  have  his  inventions 
known,  because  he  exhibited  this  thing  for  a  long  time  in  the  Adelaide  Gallery  and 
other  places;  that  there  it  was  with  all  the  assistance  to  be  derived  from  Dr.  Car- 
penter's clear  and  able  exposition  of  it,  which,  as  Mr.  Daniel  said  in  his  argument, 
would   make   it  accessible  to  every  mechanic;    but  every  mechanic  having  Dr. 
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Carpenter's  book,  and  all  those  who  did  see  it,  have  never  been  able  to  make  a 
machine  which  would  work — at  least,  they  have  not  done  it.  Of  course,  when  a 
thing  is  desirable,  when  a  thing  is  made  public,  when  a  useful  invention,  as  this 
thing  is  described  by  Dr.  Carpenter  to  be  most  useful,  most  ingenious,  and  most 
important,  the  fact  that  nobody  does  it  is  a  very  strong  fact  in  favour  of  the  man 
who  does  it,  and  who  obtains  the  letters  patent.  It  is  an  observation  I  have  made 
in  patent  cases  more  than  once,  when  ingenious  gentlemen  like  Mr.  Carpmael  say 
everybody  could  make  it.  I  asked  them,  you  say  everybody  could  make  it,  have 
you  ever  known  it  made,  has  it  ever  been  done,  with  all  these  facilities  of  know- 
ledge ?  If  it  has  not  been  done,  and  when  done  it  is  found  to  be  extremely  useful, 
surely  that  is  a  considerable  evidence  in  favour  of  a  person  who  claims  a  patent  as 
an  inventor  for  bringing  forward  that  which  is  a  useful  mechanical  operation  which 
is  to  be  used. 

Therefore,  the  whole  case  seems  to  me  to  turn,  at  least  a  very  large  portion  of 
this  specification  turns,  on  whether  or  not  Moore's  invention  had  so  anticipated 
this  gentleman,  as  that  Moore  had  brought  this  thing  which  we  saw  here,  the  only 
pulley  ever  made,  no  other  ever  attempted,  one  brought  into  use  for  a  certain  time 
and  then  thrown  by  for  seventeen  years,  no  other  human  being  ever  having  heard 
of  anything  about  it.  One  Bowman  having  passed  by  one  day  saw  the  thing  going 
on,  and  we  have  had  no  opportunity  of  cross-examining  Mr.  Bowman,  because  it 
was  merely  hearsay  introduced  in  the  examination  of  one  of  the  plaintiff's  witnesses, 
that  being  all  that  was  known  about  its  being  used  to  the  extent  I  have  described, 
and  not  anything  further ;  and  I  have  had  other  evidence  before  me,  namely,  evi- 
dence by  very  competent  men  on  the  plaintiffs  side,  saying  that,  in  their  judgment, 
such  a  thing  as  Moore's  would  not  work  for  any  serviceable  purpose,  so  as  to  be 
brought  into  public  use  for  the  benefit  of  those  who  want  to  make  use  of  it  as  a 
useful  machine ;  that  being  the  case,  the  question  was  whether  this  could  be  said 
to  be  such  a  user  as  anticipated  the  plaintiff's  invention  ?  It  appears  to  me  that 
these  cases  range  themselves  into  very  narrow  limits;  undoubtedly,  in  some  cases,' 
they  range  between  Mr.  Strutt's  case  and  the  case  of  Carpenter  v.  Smith.  In  Mr. 
Strutt's  case  there  was  a  motion  for  a  new  trial.  It  never  went  to  a  new  trial,  but 
I  apprehend  it  is  perfectly  good  law  irrespective  of  the  special  question  raised  on  the 
summing  up  ;  but  as  regards  the  law,  and  the  law  to  be  adduced  from  the  facts,  I 
apprehend  it  is  perfectly  clear  it  was  a  good  patent ;  whereas,  in  the  Lock  case, 
where  the  lock  was  put  on  the  gate,  the  patent  was  held  to  be  anticipated  by  the 
lock.     That  was  Carpenter  v.  Smith,  and  one  sees  the  ground  of  the  distinction. 

In  Carpenter  v.  Smith,  a  man  goes  into  the  market  and  purchases  a  lock  (or  if 
he  made  it  himself  it  would  make  no  difference);  he  puts  it  on  his  gate,  and  it 
answers  every  purpose  for  which  a  lock  is  used,  and  anybody  else's  gate  could  be 
locked  in  the  same  way.  It  is  not  that  this  man  was  satisfied  with  the  particular 
use  of  this  lock,  but  he  invented  it,  and  it  could  be  used  for  every  purpose  for 
which  a  lock  could  be  used.  Moore  says,  I  used  it  for  any  purpose  I  wanted;  but 
the  question  is,  whether  a  man  saying,  "  I  made  something  which  will  raise  some- 
thing in  my  yard,  and  lift  it  for  a  certain  time;  there  was  a  certain  degree  of  user 
in  my  yard,  but  very  imperfectly  with  this  jerking,  with  this  catching,  in  such  a 
state,  in  fact,  that  I  did  not  venture  to  make  a  second  pulley  of  the  same  descrip- 
tion, and  I  did  not  venture  to  use  my  own  pulley;  I  threw  it  aside  for  seventeen 
years,  and  have  had  nothing  more  to  do  with  it" — the  question  is  whether  he  can 
be  said  to  have  invented  or  anticipated  the  invention  of  the  plaintiff.  It  appears  to 
me,  I  confess,  upon  the  whole,  though  I  see  the  nicety  of  the  question,  and  have 
never  shut  my  eyes  to  it,  that  Moore's  invention  cannot  be  said  to  have  anticipated 
the  plaintiff's. 

Now  I  approach  to  what  is  the  true  construction  of  the  plaintiff's  specification, 
and  although  I  apprehend  it  is  not  competent  to  a  patentee  to  aver  his  ignorance 
as  a  ground  for  the  validity  of  his  patent,  it  is  perfectly  competent  to  those  who 
are  opposing  the  validity  of  the  patent  to  say,  as  has  been  said  by  the  defen- 
dant's counsel  in  this  case,  "  We  have  a  right  in  construing  his  patent  to  look 
at  the  degree  of  knowledge  of  the  patentee;"  for  this  simple  reason,  that  you 
have  a  right  to  put  yourself  in  the  patentee's  chair — in  construing  his  language 
you  have  a  right  to  put  yourself  in  his  chair — and  to  write  the  specification  just 
as  he  would  have  written  it  with  his  degree  of  knowledge.  Therefore,  there  is 
nothing  illogical  in  saying,  though  he  could  not  avail  himself  of  his  ignorance,  yet 
those  who  oppose  him  may,  in  construing  bis  instrument,  take  him  to  possess  only 
that  degree  of  knowledge  which  he  says  he  possessed  ;  and  it  would  not  do  for  Mr. 
Weston  to  say,  "  Oh,  I  cannot  have  meant  to  claim  such  and  such  a  thing,  because 
everybody  knew  that ;  it  was  an  old  and  perfectly  well-known  thing."  On  the 
contrary,  it  appears  to  me  Mr  Weston  has  said,  and  properly  said,  "  there  never 
was  an  instrument  of  this  kind  which  had  been  discovered,  for  the  purpose  of 
raising  weights,  and  brought  into  such  a  state  that  it  could  be  applied  to  such 
a  purpose  with  the  effect  which  is  necessary  in  order  to  secure  to  the  patentee 
the  benefit  of  the  patent."  Therefore,  I  apprehend,  the  case  of  prior  invention 
in  such  a  case  as  Moore's  is  very  analogous  to  the  case  in  which  you  set  aside 
the  claim  of  the  patentee ;  because,  although  he  says  he  has  made  something, 
and  discovered  something,  he  has  only  discovered  a  principle,  and  he  has  not 
discovered  a  mode  of  making  the  principle  effectivo  and  workable.  That  would 
destroy  his  patent  at  once;  and  if  any  patentee  points  out  the  principle  on  which 
a  thing  may  be  done,  and  nobody  anterior  to  the  subsequent  patentee  discovers  the 
mode  in  which  the  idea  can  be  used,  so  as  to  make  a  workable  machine,  a  man 
may  find  out  that  which  he  can  carry  into  effect,  although  it  involves  a  principle 
which  was  known  to  others,  because,  as  I  said  before,  every  mechanical  principle 
is  known,  and  has  been  known  from  a  very  early  period  of  the  wrorld,  to  everybody 
who  interest  themselves  in  watching  such  matters.  Therefore,  it  is  not  because 
the  principle  of  the  double  pulley  has  been  existing  in  the  Chinese  windlass,  or  in 
any  other  articles  of  that  description,  or  in  Mr.  Moore's  instrument,  that  this 
gentleman  is  to  be  prevented  from  carrying  into  effect  a  process,  which  for  the 
first  time  gives  life  to  the  particular  principle  which  enables  him  to  carry  into 
effect  those  energies  for  which  the  machine  is  required. 

His  Honour  then  referred  to  portions  of  the  specification  and  proceeded — He 
says,  "  my  invention  consists  of  a  new  or  improved  pulley  for  raising  weights, 
moving  heavy  bodies,  actuating  presses,  and  for  other  like  purposes.  My  said 
new  or  improved  pulley  is  constructed  in  the  manner  hereinafter  described  and 


illustrated  in  the  accompanying  drawing."  The  whole  machine  is  described. 
He  describes  it  in  this  way — My  principle  is  this,  the  system  of  the  two  differential 
pulleys,  that  is  the  principle ;  but  the  principle  is  a  barren  thing  if  you  do  not 
bring  it  into  actual  work,  therefore  by  my  drawings  I  illustrate  the  way  of  working 
it,  and  first,  I  tell  you  how  to  coil  your  chain,  but  I  also  tell  you  by  my  machine 
I  have  got  these  peripheries  formed  in  this  way,  that  here  are  these  links  that  must 
engage,  and  care  is  taken  that  they  shall,  by  this  roller  and  other  apparatus:  it  is 
of  importance  that  they  shall  engage. 

And  referring  to  the  claim  and  the  defendant's  arguments  upon  it,  he  said  that, 
for  the  reasons  he  had  already  given,  it  did  appear  to  him  that  the  verdict  which 
the  jury  had  come  to  would  be  his  own  view,  wholly  irrespective  of  any  opinion  of 
the  jury  upon  the  subject,  namely,  the  amount  and  extent  to  which  Moore's  in- 
strument and  Carpenter's  book  proceeded  showed  this,  that  so  far  from  having  failed 
it  was  strongly  in  favour  of  the  patentee ;  it  shows  it  was  desirable  to  have  such  a 
thing;  it  shows  that  Moore  had  tried  to  make  such  a  thing;  it  shows  that  Moore 
had  never  made  but  one  experiment,  and  put  that  by  as  an  entire  failure;  and 
from  that  time  he  put  the  whole  thing  by  as  of  no  serviceable  use  as  a  valuable 
machine  to  make  use  of  as  described.  And  there  was  this  additional  fact,  that 
Carpenter  says  he  is  utterly  surprised  that  so  important  a  discovery  should  not 
have  been  made  before.  There  was,  therefore,  every  thing  to  impress  on  mankind 
the  desirableness  of  making  it,  that  until  seventeen  years  after  this  thing  had  been 
put  by  nobody  ever  had  achieved  tins  useful  invention.  Therefore,  on  the  single 
evidence  of  what  Moore  did  in  that  yard,  for  that  limited  period,  and  before  the 
thing  was  brought  to  that  serviceable  position,  he  only  having  achieved  something 
which  had  not  been  made  serviceable  for  any  such  purpose  as  was  required,  by  the 
privilege  which  was  given  by  letters  patent,  namely,  serviceable,  useful,  mechanical, 
appliances,  to  enable  mankind  to  benefit  thereby,  in  the  ordinary  use  of  it,  in  the 
object  which  they  had  in  view ;  he  never  having  achieved  that,  it  was  open  to 
Weston,  and  Weston  was  entitled  to  his  patent. 

His  Honour  then  concluded  by  decreeing  an  injunction  against  the  defendant, 
and  ordering  him  to  deliver  up  to  the  plaintiffs  all  articles  in  his  possession  made 
according  to  the  patent,  and  to  pay  to  the  plaintiffs  the  costs  of  the  suit. 
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Fkost  and  Fire,  Natural  Engines,  Tools,  and  Cmps,  with 
Sketches  at  Home  and  Abroad,  by  a  Traveller.  (J.  F. 
Campbell).  2  vols.,  8vo.  Edmonston  and  Douglas,  Edinburgh. 
1865. 

The  World  before  the  Deluge.  By  Louis  Figuter.  Trans- 
lated from  the  French  edition,  "La  Terre  avant  le  Deluge  (ouvrage), 
contenant  vingt-six  vues  ideales  de  paysages  de  l'ancien  monde." 
(Hachette  et  Cie.  1863.)  In  1  vol.,  8vo.,  with  illustrations  by 
Riou.     Chapman  and  Hall,  London.     1865. 

The  Application  of  Geology  to  the  Arts  and  Manufac- 
tures. Being  Six  Lectures  on  Practical  Geology ;  delivered  before 
the  Society  of  Arts  (Cantor  Lectures  for  1865).  By  D.  T. 
Ansted,  M.A.,  F.R.S.,  &c,  &c.  1  vol.,  small  8vo.  Hardwicke, 
Piccadilly.     1865. 

Of  the  very  remarkable  book  that  stands  at  the  head  of  our  list  it  is 
extremely  difficult  to  speak  in  suitable  terms,  to  award  to  it  the  praise 
that  is  befitting  its  cleverness  in  various  aspects,  and  yet  not  blind  our- 
selves to  its  not  less  certain  faults.  Of  the  many  things  that  go  to 
make  up,  on  the  part  of  an  author,  a  work  to  which  the  critic  may 
take  but  slight  exception,  judgment  in  the  selection  and  production  of 
its  contents  is  beyond  doubt  one  of  the  most  essential. 

The  author  here,  Mr.  Campbell,  shows  that  he  has  read  well  much 
that  geological  literature  presents;  that  he  has  by  nature  that  con- 
formation of  mind  which  enables  a  man  to  observe  well,  and  to  combine 
his  observations  with  those  of  the  men  who  have  preceded  him  into 
orderly  courses  in  the  fabric  of  inductive  science. 

He  shows  himself,  in  a  word,  a  man  with  whom  the  philosopher 
might  love  to  dwell,  if  he  would  only,  as  author,  be  himself  philosopher 
and  nothing  else.  But  Mr.  Campbell  has  been  in  turn  all  things, 
traveller,  sportsman  apparently,  amateur  workman,  artist,  tourist  for 
mere  pleasure,  and  many  things  beside. 

The  outcrops  of  all  these  he  has  so  mixed  up  in  his  most  singular 
book  that  we  are  compelled  to  say  he  has  made  it  very  hard  reading, 
either  to  the  scientific  man  proper,  or  to  him  who  with  slight  knowledge 
of  science  wishes  to  read  the  work  for  mixed  information  and  enjoyment. 

Condensation,  orderly  sequences,  and  sticking  to  the  text,  are 
not  to  be  found.  We  are  delighted  every  now  and  then  with  finding 
some  old  truth  put  into  a  striking  light,  occasionally  with  some  frag- 
ments in  advance  of  our  own  knowledge,  but  have  no  sooner  got  a 
glimpse  of  either  than  we  are  almost  led  away  into  endless  digression, 
often  in  itself  startling  enough,  but  the  recurrence  of  which  at  last 
exhausts  patience  and  attention. 
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Part  of  this  arises  no  doubt  from  a  mind  brimful  of  the  observa- 
tional tendency,  which  has  been  widely  and  largely  indulged.  Much 
more,  however,  has  it  come  about  as  the  inevitable  result  of  the  author's 
title  or  text,  and  of  the  mode  in  which  he  has  set  about  treating  it. 

Frost  and  Fire  are,  according  to  the  author's  view,  to  stand  as  repre- 
sentations at  least,  if  not  actually  as  the  two  great  antagonistic  forces, 
by  which  the  cosruical  machine  of  our  world  is  kept  going.  In  this 
there  is  much  that  is  true,  though  as  thus  expressed  it  is  ill  expressed, 
and  is  scarcely  more  than  the  utterance  of  a  half  truth ;  for  frost  and 
fire  are  but  two  phenomena,  indicative  of  two  widely-parted  conditions 
of  temperature — heat  being  the  agent  common  to  both — so  that  to 
place  them  in  the  strong  light  of  antagonistic  forces  is  but  an  ill-moulded 
philosophy,  and  in  fact  does  not  represent  as  a  real  basis  the  machinery 
of  our  planet. 

But  let  them  stand  or  be  assumed  for  the  nonce  as  the  grand  motive 
geologic  agents,  then  it  follows  that  Mr.  Campbell's  work  must  be  a 
system  of  physical  geology ;  it  must  embrace  all  things,  as  much  as  did 
the  Micrographia  of  Hooke,  and  if  it  is  to  be  good  for  much,  it  must  be 
a  system  in  the  sense  of  orderly  sequence. 

From  this  it  certainly  is  very  far  removed.  Again,  unless  proposing 
to  write  a  complete  system  of  physical  geology,  or  if  intending  to  limit 
bis  work  to  such  treatment  of  the  terrestrial  phenomena  of  frost  and  fire 
as  should  be  deemed  new,  why  begin  at  the  beginning,  and  as  though 
it  were  necessary  to  teach  the  reader  the  very  first  elementary  princi- 
ples of  heat,  of  hydrology,  of  meteorology,  and  of  a  dozen  other  ologies, 
and  yet  do  this  in  such  a  desultory  way  that  the  already  learned  man 
is  often  disgusted  or  tormented,  and  that  the  unlearned  could  never 
become  well  taught?  Why,  above  all  things,  deform  his  work  by  an 
absurd  and  really  meaningless  set  of  quaint  and  unusual  phrases,  such 
as  are  scattered  through  it,  but  are  first  set  forth  in  the  table  of  con- 
tents, in  which  the  whole  subject  of  the  work,  classed  under  the  great 
heads  of  denudation,  deposition,  and  upheaval  are  attributed  to  the 
forces  Frost  and  Fire,  and  all  their  complicated  relations,  effects,  ends, 
results,  are  packed  into  parallel  columns,  and  set  down  under  the  fan- 
tastic and  inadequate  titles  or  divisions  of  Engines,  Tools,  Tool-marks, 
and  Chips?  If  this  be  affectation,  designed  to  catch  the  unlearned  vulgar 
by  an  unknown  tongue,  it  is  worse  than  that  which  has  produced  the 
dialect  known  as  Carlislee. 

We  are  unwilling  to  set  it  down  to  such  a  motive,  for  the  author 
shows  every  now  and  then  so  much  of  the  genuine  sparkle  of  inductive 
truth  and  liking  for  it  that  we  cannot  think  he  would  condescend  to 
charlatanerie ;  we  therefore  must  suppose  it  a  mistake  of  judgment,  as 
at  the  outset. 

In  fact,  the  extraordinary  jumble,  not  of  good  and  bad  so  much  as 
of  good  and  unnecessary,  which  the  work  presents,  is  explained  by  the 
author  in  his  preface  in  the  following  passage,  which,  as  it  gives  some 
slight  indication  of  the  book  itself  (to  quote  from  which  at  any  length 
is  beyond  our  limits),  we  transcribe: — 

"  These  pages  were  written  at  odd  times,  some  under  the  lee  of  a 
stone  on  a  hill-top,  some  in  railway  cars,  some  under  ground,  some  in  the 
dark.  Some  were  written  to  make  a  chapter  in  a  friend's  book,  others 
because  a  scribbling  humour  came  uppermost.  At  last  there  grew  up  a 
wish  to  sort  and  pack  a  collection  of  thoughts  so  gathered,  and  to  add 
to  it.  Old  letters,  journals,  notebooks,  and  sketchbooks  were  drawn  from 
odd  corners  and  ransacked,  memory  was  taxed  for  forms,  and  experi- 
ments were  devised  to  test  theories  as  they  grew.  By  degrees  a  ravelled 
hasp  took  the  shape  which  it  now  wears.  Wandering  to  seek  facts, 
watching  them  take  their  place  in  a  mental  edifice,  thinking,  sketching, 
and  writing,  have  filled  up  many  an  idle  hour.  If  readers  are  found, 
they  too  may  be  amused,  or  sent  to  sleep,  or  wander  about  the  world 
with  a  purpose  like  the  traveller  who  has  the  honour  thus  to  introduce 
the  friend  and  comrade  of  his  wTanderings  during  nearly  five  and  twenty 
years." 

All  this,  however,  will  not  account  for  nor  reconcile  us  to  the  sense- 
less set  of  so-called  geological  symbols  by  which  the  author  has  also 
added  to  the  complexity  of  his  order. 

What  can  be  said  for  such  wilful  obscuration  of  ordinary  terse 
language   as    this,    "  Four   straight    lines   drawn    in   the    plane    of 


the   fixed   meridian   become  the  four    diagonal   curves  t 

on  the  moving  globe.     If  the  down  stroke  f\  M  passes    near    Spitz- 


« 


bergen,  it  follows  the  arctic  current,"  &c,  p.  480.,  vol.  1.  Observe, 
these  are  not  references  to  diagrams,  but  so-called  symbols,  i.e.,  the 
equivalents  of  words  to  express  phenomena  for  all  of  which  science 
already  possesses  a  perfect  and  well  recognized  vocabulary.  They 
are  symbols  also  without  any  rational  use. 

Apart  from  the  multitudinous  digressions  and  illustrations  of  facts 
and  principles,  often  of  an  admitted  and  elementary  character,  that 
might  have  been  so  well  spared,  the  work  consists  of  the  author's 
observations,  in  a  widely  extended  travel  in  northern  regions,  on  ice 
phenomena,  and  of  his  speculations  deduced  from  his  own  facts  and 
those  that  have  been  brought  forth  before  him. 

His  own  facts,  are  a  large  and  important  repertory  added  to  the 
inductive  magazine,  and  will  prove  of  permanent  value,  and  give  the 
author  hereafter  his  best  claim  to  enduring  fame.  •  In  his  interpre- 
tation of  these,  i.e.,  of  special  phenomena,  he  is  not  always  correct, 
as,  for  example,  where  he  assigns  "dislocation  as  by  a  blow"  to  the 
tessellated  superficial  strata  found  on  the  western  counties  of  Ireland — ■ 
the  blocks  of  which  have  got  thus  separated  by  a  widely  different 
process. 

In  his  general  views  of  ice  phenomena,  and  of  the  enormous  scale 
upon  which,  in  common  with  all  the  other  English  glacialists  of  the 
present  day,  he  assumes  these  to  have  acted,  we  do  not  hesitate  to 
express  our  conviction,  as  we  have  done  before,  that  there  is  mixed  up 
a  large  mass  of  error. 

Ice  theories  have  run  mad.  Men,  unlike  our  author  here,  not  gifted 
with  any  natural  capacity  to  tactilely  weigh  and  estimate  forces  in 
nature,  nor  capable  of  investigating  their  action  on  fundamental 
mechanical  principles,  have  talked  nonsense,  or  the  next  thing  to  it,  to 
the  outsiders,  until  every  sciolist  has  come  to  fancy  he  can  add  something 
to  the  fabulous  ice  edifice.  And  the  latest  modest  addition  has  been  no 
less  than  this,  that  all  the  valleys  and  all  the  lake  basins  in  the  world  have 
been  ground  out  by  ice,  just  as  a  seal  is  cut  with  emery !  Mr.  Camp- 
bell is  not  free  from  complicity  with  those  who  "protest  too  much  "  as 
to  the  great  doings  of  ice. 

That  portion  of  his  work  which  treats  of  deposition  contains  nothing 
that  has  not  before  been  more  or  less  distinctly  stated.  Of  its  con- 
cluding portions,  from  the  fifty-first  chapter  of  the  second  volume  to 
the  end,  which  refers  one  way  or  other  to  Vulcanicity  (to  adopt  a 
recent  but  established  term),  we  cannot  say  that  they  are  exhaustive  or 
satisfactory  in  any  sense. 

Nothing  can  exceed  the  beauty  and  suggestiveness  and  vigour  of 
many  of  the  author's  illustrative  sketches,  which  have  been  produced 
as  wood-cuts  with  wonderful  delicacy  and  exactness. 

From  these,  and  from  many  a  queer  and  scattered  paragraph,  the 
genuine  physical  geologist  will  derive  food  for  his  own  sober  investiga- 
tion or  reflection ;  and  will  often  find  his  accepted  views  cleared,  or 
perhaps  occasionally  enlarged,  or  even  modified. 

Many  readers  for  mere  amusement,  also,  may  enjoy  a  vast  deal  of  the 
book  without  understanding  it  all,  by  the  help  of  skipping  here  and  there. 
But  for  a  wider  and  more  enduring  existence,  more  concentration  and 
order  and  less  needless  quaintness  and  far-fetched  illustration  are 
demanded,  and  (as  we  hope  the  book  may  come  to  a  second  edition) 
may  yet  be  conferred  upon  it  by  its  author's  hand. 

M.  Figuier's  work  is  one  which  two  or  three  years  ago  made  some 
noise  in  Paris  as  a  popular  exposition  of  the  more  striking  facts  of 
geology.  This  is  all  it  aims  at;  and  although  not  free  from  the 
charge  of  now  and  then  indulging  in  description  so  highly  exaggerated 
or  coloured  as  to  be  fitly  termed  scientific  caricature,  nor  from  the 
tendency  to  round  off  everything  into  a  cut-and-dry  system,  which  pre- 
supposes that  the  whole  mundane  machinery,  present  and  past,  has  been 
already  discovered  and  perfectly  understood ;  still  it  is,  on  the  whole,  a 
very  good  and  a  very  strikingly  written  and  well  illustrated  resume  of 
popular  geology,  fulfilling  much  more  than  its  title,  "  Before  the  Deluge," 
would  seem  to  intend.  The  worst  thing  that  we  see  about  the  book 
is  a  certain  insincerity  on  the  part  of  the  author  in  his  obvious  desire 
and  attempt  to  make  some  of  the  unpalatable  chronological  and  other 
facts  of  geology  square  with  the  orthodox  notions  of  the  parti  j^etre, 
whether  Romish  or  Reformed.  The  work  has  been  very  roughly  handled 
by  a  review  in  (he  Times  of  22nd  November  last,  wherein  a  good  many 
charges  are  brought  against  M.  Figuier,  wdiich  make  an  impartial 
bystander  wish  some  one  had  reviewed  the  reviewer.  Some  statements 
beyond  question  objectionable  in  the  work  admit  of  easy  explanation, 
at  least  as  to  how  they  come  to  be  there :  for  example,  M.  Elie  de 
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Beaumont's  monstrous  so-called  theory  of  the  contemporaneous  eleva- 
tion of  parallel  mountain  chains  is  probably  not  now  believed  anywhere  ; 
but  it  is  perfectly  well  known  that  the  position  occupied  by  the  promul- 
gator of  it  in  the  world  of  French  science  is  such  and  so  influential  that 
no  French  geological  writer  dares  to  disavow  it,  if  he  has  any  hopes 
either  from  public  reception  of  his  work,  or,  however  remotely,  of  official 
patronage.  If  we  are  to  expect  a  mere  popular  writer  such  as  Figuier 
to  be  above  this,  we  should  insist  upon  reform  beginning  higher  up. 
Scientific  cliques  and  coteries  in  geology,  as  in  other  directions— and  the 
small  tyrannies  they  practise — are  not  quite  unknown  amongst  ourselves. 
but  if  what  Frenchmen  themselves  say  be  correct,  have  never  reached 
the  organized  might  to  which  authority  is  brought  to  bear  on  authors  who 
are  deemed  scientifically  heterodox  by  those  in  office,  &c,  in  France. 
Again,  M.  Figuier's  book,  as  a  popular  one,  must  needs  be  otthodox.  Are 
we  to  have  expected  of  him  at  once  to  have  run  his  head  against  Eiie  de 
Beaumont  on  the  one  hand,  and  the  French  clergy  on  the  other,  in 
interpreting  the  discoveries  of  Lartet  and  Christy,  and  Boucher  de 
Perthes?  Our  Times  critic  will  reply,  Let  a  scientific  author  be  not 
only  correct,  but  honest.  We  agree  with  him;  but  every  man  of 
popular  science  is  not  a  scientific  Aristides,  and  those  who  stick  up  for 
Aristides'  dealing  are  not  popular,  nor  always  accustomed  to  act  rigidly 
up  to  their  own  "broad  phylacteries." 

Dr.  Ansted's  lectures  make  a  very  useful  addition  to  the  literature 
of  applied  geology.  The  first  lecture  brings  geology  and  agriculture 
together,  of  course  but  superficially  within  such  narrow  limits.  The 
next  may  be  said  to  make  geology  and  engineering  acquainted,  in  one 
of  its  branches  at  least,  that  of  springs  and  water  supply.  Then  the 
geologist  and  the  miner  come  together  in  successive  lectures  on  the 
minerals  of  the  superficial  formations,  and  those  of  the  stratified  and 
lower  ones.  Lastly,  the  sixth  lecture  treats  of  mineral  veins  and  mining 
proper.  The  whole  is  given  iu  a  very  agreeable  and  lucid  form,  which 
renders  the  work  a  pleasant  one  to  the  reader  for  amusement,  and  yet 
not  unprofitable  in  the  hand  of  the  student.  It  is,  however,  far  from 
exhausting  any  one  branch  of  the  subject  of  economic  geology. — Ed. 
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ROYAL   SCOTTISH   SOCIETY   OF   ARTS. 

ON   THE   EMPLOYMENT   OF    WATER    IN   TFIE    REMOVAL   OP   EXCRETA 

FROM  DWELLING-HOUSES. 

(Continues!  from  page  343.) 

Having  for  a  period  of  more  than  forty  y^ars  been  more  or  less  directly  officially 
concerned  with  the  sanitary  condition  of  Edinburgh,  and  during  that  time  having 
had  ample  opportunities  of  observation,  I  hope  I  shall  not  be  thought  [  resumptuous 
when  I  say  that  the  endeavours  which  recently  have  been  so  eagerly  pressed  to  intro- 
duce water-closets  into  those  older  parts  of  the  city  occupied  by  the  humbler  classes  arc 
a  mistake.  The  houses  are  not  adapted  for  their  reception ;  the  people  who  occupy 
them,  especially  where  more  than  one  family  have  access  to  the  water-closet,  abuse 
it  till  it  becomes  a  nuisance  almost  beyond  description.  The  end  is  that  the  unfor- 
tunate proprietor  of  the  tenement  finds  that  the  breaking  up  of  his  property  fur  the 
introduction  of  water-closets,  with  their  necessary  pipes  aud  apparatus,  has  been  a 
measure  not  of  improvement  or  benefit,  but  of  heavy  cost,  and  absolute  deterioration 
In  conlirmation  of  my  views  as  to  this  matter,  I  take  the  liberty  to  read  a  few 
passages  from  a  report  on  the  sanitary  condition  of  Edinburgh,  by  our  able  and 
indefatigable  townsman  Dr.  Littlejohn.  The  report  was  published  and  laid  before 
the  Town  Council  in  the  course  of  the  spring  or  summer  of  the  present  year,  aud  is 
therefore  the  most  recent,  as  it  is  the  most  valuable  publication  ever  laid  before  the 
inhabitants  of  Edinburgh  on  sanitary  matters.  I  quote  from  that  part  of  the  report 
which  relates  to  "  Drainage  and  Water  Supply" : — 

"  When  it  was  attempted  to  bring  each  house  in  our  large  tenements  or  'lands,' 
as  they  are  called,  into  communication  with  the  sewers,  the  difficulties  arising  from 
our  system  of  house  accommodation  at  once  became  apparent.  Our  poor  inhabit 
the  dwellings  of  the  wealthy  classes  of  former  days,  necessarily  subdivided  into 
single  rooms,  which  are  occupied  by  separate  families.  There  the  poor  live  crowded 
together,  without  distinction  of  sex,  and  in  many  instances  we  have  the  rooms, 
generally  opening  one  into  the  other,  still  further  subdivided  by  partitions,  so  as  to 
allow  of  closer  packing.  The  houses,  too,  are  old,  and  in  a  state  of  decay ;  and  their 
construction  is  very  imperfect,  so  far  as  sanitary  recfuirements  are  concerned.  Under 
these  circumstances,  to  enforce  the  introduction  of  conveniences  (water-closets) 
would  be  attended  with  the  worst  results.  In  England,  where  the  poorest  houses 
are  self-contained,  and  necessarily  small,  with  a  court  behind,  in  which  the  conve- 
nience is  placed,  the  system  works  admirably.  Any  sewage  emanations  which  may 
escape  at  once  pass  into  the  atmosphere,  and  the  air  in  the  house  is  not  contami- 
nated; but  the  houses  in  the  densely-peopled  districts  of  our  Scottish  towns  are  not 
supplied  with  such  courts,  and  were  conveniences  placed  outside  the  houses,  from 
the  large  population  which  would  use  them,  they  would  closely  resemble  those  which 
are  scattered  throughout  the  city  for  the  use  of  the  public.  Where  such  are  largely 
frequented,  it  is  a  matter  of  great  difficulty  to  preserve  anything  like  decent  cleanli- 
ness; the  air  becomes  tainted;  what  is  intended  as  a  public  benefit  is  very  apt  to 


become  a  nuisance  to  the  surrounding  neighbourhood.  If,  however,  as  has  been 
proposed,  they  were  placed  on  each  flat  of  our  tall  lands,  all  the  evils  already  referred 
to  would  exist  in  a  confined  atmosphere,  and  close  to  the  sleeping  apartments  of  our 
crowded  poor.  It  must  be  remembered  that  the  simplest  form  of  the  convenience, 
as  applied  for  houses,  is  a  piece  of  mechanism  which  must  be  handled  with  some 
degree  of  care,  otherwise  it  is  apt  to  get  out  of  order — it  becomes  no  longer  air- 
tight, and  a  leakage  of  foul  gas  takes  place.  This  occurs  to  a  notorious  extent  in 
the  best  parts  of  the  New  Town,  and  although  productive  of  discomfort  and  disease, 
these  evils  are  greatly  modified  by  the  freer  ventilation,  and  the  less  dense  popula- 
tion. But  in  the  houses  of  the  poor  this  leakage  would  be  constantly  occurring  in 
an  already  vitiated  atmosphere,  where  the  inhabitants  are  overcrowded,  and  prone 
to  disease.  The  consequences  can  easily  be  imagined.  Those  forms  of  illness  which 
are  generally  considered  to  be  intimately  connected  with  crfluvia  from  drains  would 
soon  show  themselves,  and  in  such  localities  would  quickly  spread  in  an  epidemic 
form  ;  and  it  must  bo  remembered  that  such  debilitating  diseases  as  fever  and 
dysentery  tell  heavily  upon  the  labouring  population,  and  entail  a  large  expense 
upon  the  community  in  the  shape  of  increased  poor-rates.  The  experiment  has  been 
tried  again  and  again  in  our  city,  and  always  with  similar  results — the  production 
of  much  annoyance,  and,  ultimately,  the  removal  of  what  was  considered  a  sanitary 
improvement.  A  few  months  ago,  an  excellent  opportunity  was  afforded  of  putting 
the  matter  to  a  practical  test,  not  in  an  old  house,  but  in  one  specially  built  for  the 
purpose,  in  Dickson's  Close,  High  Street;  and  the  experiment  is  at  present  going 
on.  No  sooner  were  the  rooms  tenanted,  than  a  large  pool  of  sewage,  both  solid 
and  liquid,  collected  at  the  foot  of  the  main  passage,  in  consequence  of  the  choking 
of  the  pipes.  Day  after  day  was  this  sewage  removed,  but  as  constantly  was  it 
renewed.  At  length,  after  the  authorities  had  repeatedly  interfered,  several  of  the 
conveniences  were  closed,  and  the  number  of  parties  frequenting  the  remainder 
curtailed;  but  in  spite  of  precautions,  a  state  of  matters  is  produced,  by  overflow 
and  leakage,  of  the  most  nauseous  description.'' 

Such  are  the  words  of  Dr.  Littlejohn;  and  after  reading  them,  if  it  were  not 
from  the  fear  of  startling  the  Society,  I  would  go  so  far  as  to  say  that  wnter-closets 
are  at  this  moment  productive  of  far  more  evil  than  good.  Passing  over  other  evils 
connected  with  them  to  which  I  have  already  adverted,  I  contend  that  the  act  of  raising 
the  handle  of  a  water  closet  unavoidably  introduces  into  the  house  a  quantity  of 
foul  air  from  the  soil-pipes  or  drains,  greater  or  smaller  in  quantity,  and  more  or 
less  noxious  in  its  effects,  according  to  the  size  and  condition  of  the  soil-pipes,  drain, 
and  apparatus  with  which  the  water-closet  is  connected.  You  will  please  to  observe 
that,  while  this  is  a  great  and  unquestionable  evil,  it  is  an  evil  superadded  to  the 
merely  ordinary  and  proper  purposes  of  a  water-closet,  but  inseparable  from  it. 
From  this  evil,  at  least,  the  model  before  you  is  free.  To  give  it  a  distinctive  name, 
I  will  call  it  a  Chamber-Closet. 

The  closet  consists  of  two  vessels,  the  upper  one  of  which  is  covered  by  a  valve, 
intended  to  be  constantly  closed,  except  when  the  closet  is  in  use.  This  vessel  is 
a  sort  of  representative  of  the  basin  of  a  water-closet.  Its  lower  end  is  also  closed 
by  a  valve,  which,  when  withdrawn,  frees  itself  from  and  deposits  the  soil  in  the 
vessel  under  it.  When  that  vessel  is  fall,  it  is  detached  and  removed,  covered  with 
its  lid,  which  is  secured  in  its  place  by  a  bayonet  screw.  An  empty  vessel  is  then 
put  in,  and  so  on  from  time  to  time  continuously.  On  the  shoulder  of  these  vessels 
there  is  a  small  tube  terminating  in  a  coupling  screw,  for  the  purpose  of  attaching 
a  pipe  to  carry  the  gases  generated  in  the  vessel  into  the  open  air.  I  should  add 
that  the  valves  are  nearly  air-tight,  and  may  be  made  entirely  so,  and  are  opened  and 
closed  only  when  the  closet  is  being  used.  The  bssm  may  be  rinsed  with  water  when 
it  is  thought  necessary  ■  but  my  view  is,  that  as  far  as  possible,  the  contents  of  the 
lower  vessel  should  not  be  subjected  to  dilution.  The  vessel  itself  being  externally 
clean,  its  removal  may  be  effected  with  less  offence  to  sight  or  smell  than  is  occa- 
sioned by  the  carrying  of  a  housemaid's  pail  from  one  apartment  to  another. 

In  exhibiting  the  model  and  drawing,  and  submitting  to  your  consideration  the 
observations  I  have  ventured  to  make,  I  do  so  under  a  strong  conviction  that  the 
present  system  of  employing  water  as  the  agent  for  the  removal  of  excreta  from 
dwelling-houses  is  vicious  in  principle,  costly  in  itself,  destructive  to  rivers,  and 
wasteful  of  a  most  valuable  material;  and  if  the  question  is  vigorously  urged  on 
the  public  mind,  I  am  persuaded  the  system  is  destined  to  a  short  duration.  In 
contemplating  the  relief  it  afforded  from  the  horrors  of  the  system  of  cesspools,  its 
own  evils  were  unfortunately  never  taken  into  account.  What  the  effect  has  been 
may  be  ascertained  by  a  visit  to  any  river  in  the  kingdom  connected  with  a  large 
town.  The  only  object,  indeed,  which  the  water-system  has  accomplished,  is  to 
carry  the  filth  from  our  own  houses  and  to  cast  it  into  the  nearest  river,  without 
the  least  regard  to  the  health  or  comfort  of  others-,  to  whom  the  water  destined  for 
their  daily  use  is  thus  polluted.  I  need  not  trouble  yon  with  a  repetition  of  the 
objections  to  that  system,  and  of  its  many  evils,  but  I  may  be  permitted  to  bring 
under  your  notice  a  few  particulars  regarding  its  cost. 

In  the  report  by  a  Committee  of  the  House  of  Commons  on  the  sewage  of  the 
Metropolis,  in  Appendix  No.  14,  there  are  a  series  of  tables  by  J.  L.  W.  Thudichum, 
M.D..  in  one  of  which  (No.  10)  he  states  the  value  of  the  excreta  of  the  population 
of  London  to  be  £1,165,495  per  annum.  Of  course  this  is  on  the  assumption  that 
the  whole  were  collected,  which,  in  any  case,  is  impossible.  It  may  be  taken,  how- 
ever, as  a  foundation  for  a  calculation  in  the  case  of  Edinburgh  and  Leith.  Taking 
the  population  of  London  at  3,000,000,  and  roughly  estimating  Edinburgh  and 
Leith  at  200,000,  being  one  to  fifteen  of  London,  the  value  of  the  excreta,  estimated 
at  the  same  rate  as  in  London,  will  amount  to  £77,699  per  annum.  I  do  not  for 
a  moment  imagine  that  it  would  be  possible,  under  any  law  that  could  be  devised 
for  the  collection  of  this  wasted  matter,  to  realize  so  large  a  sum.  I  am  clear, 
however,  that  if  the  use  of  water-closets  were  abolished,  and  some  such  arrange- 
ment as  that  I  have  suggested  substituted  for  it,  a  clear  income  of  not  less  than 
£25,000,  but  probably  upwards  of  £30,000  per  annum  might  be  derived  from  it. 
This,  however,  represents  only  a  portion  of  the  loss  by  the  present  system.  A  sum 
of  £10,000  a-year  as  the  cost  of  making  and  maintaining  house  and  other  drains 
may  safely  be  added,  bringing  up  the  annual  loss  to  from  £35,000  to  £40,000 
a-year.  To  this  large  sum  there  yet  falls  to  be  added  the  value  of  the  water  so 
uselessly  wasted.  At  this  moment  the  consumption  of  water  per  day  is  somewhat 
upwards  cf  what  would  furnish  thirty  gallons  per  head  to  a  population  of  200,000 
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persons.  If  water-closets  were  discontinued,  and  supposing  that  only  fifteen  gallons 
per  head  per  day  of  water  were  set  free  and  applied  to  the  purposes  of  trade  and 
manufacture,  the  income  which  might  be  derived  from  its  sale  might  probably  bring 
up  the  sum  lost  by  the  present  system  to  something  between  £40,000  and  £50,000 
a-year,  and  all  this  without  taking  any  account  of  the  increased  quantity  of  food 
which  would  be  derived  from  the  application  of  that  excreta  to  the  soil. 

I  have  only  to  add,  in  conclusion,  that  there  are  few  towns  in  the  kingdom  where 
the  introduction  of  the  chamber- closet  could  more  easily,  and  with  so  little  cost, 
and  with  so  much  advantage,  be  effected,  as  in  the  lower  class  of  houses  in  Edin- 
burgh and  Leith.  The  numerous  workhouses,  hospitals,  asylums,  and  similar 
institutions  here,  present  also  every  facility  for  such  an  experiment;  while  the  high 
state  of  farming,  aud  the  consequent  demand  for  effective  manures,  would  at  all 
times  insure  a  ready  market  for  the  material  in  question. 

In  bringing  this  matter  fully  before  you,  I  have  endeavoured  to  discharge  a  duty 
I  felt  incumbent  upon  me;  and  if  the  principle  which  I  have  tried  to  establish  be 
sound,  as  I  have  no  doubt  it  is,  I  leave  it  to  others  who  may  take  np  the  question 
to  work  out  the  details  in  such  a  manner  as  may  promote  the  great  ends  I  have  had 
in  view.  If  the  model  I  have  laid  before  you  shall  only  serve  as  a  hint  which  may 
bring  about  the  removal  of  the  unquestionable  evils  to  which  I  have  referred,  my 
object,  shall  be  accomplished. 


Mr.  Ramsay  was  frequently  interrupted  by  applause  during  the  delivery  of  the 
above  address. 

Dr.  Littlejohn  said  that  the  paper  which  had  just  been  read  was  a  most  remark- 
able one,  and  he  was  convinced  that  some  such  plan  as  had  been  proposed  by  Mr. 
Ramsay  was  the  only  way  of  removing  the  many  evils  connected  with  the  present 
system  of  drainage,  and  of  utilizing  the  materials  which  are  passing  at  present  into 
our  rivers  and  thereby  polluting  them.  He  thought  it  was  worthy  of  trial  in  some 
of  the  large  buildings  in  Edinburgh,  especially  in  the  new  asylum,  where  it  could 
be  tried  on  a  pretty  extensive  scale.  Sure  he  was  of  this,  from  the  instances  that 
had  come  under  his  own  notice,  both  in  the  Old  Town  and  in  the  New,  that  the 
public  were  far  safer  without  water-closets  than  with  them.  With  regard  to  the 
practical  working  of  the  plan,  he  was  afraid  that  there  would  be  some  difficulties 
about  the  valves  and  about  the  cleaning  of  the  apparatus.  He  thought  that  too 
much  time  would  be  occupied  in  removing  the  vessels ;  but  these  were  matters 
simply  of  arrangement.  He  was  reminded  that  a  like  process  was  carried  on  every 
day  by  which  £7000  a-year  were  put  into  the  municipal  treasury.  The  excreta 
was  brought  down  to  the  street,  and  carried  away  by  scavengers.  He  thought  that 
Mr.  Ramsay  was  deserving  of  the  greatest  possible  credit  for  his  admirable  paper, 
and  that  his  plan  was  one  deserving  of  a  trial. 

Mr.  Edward  Sang  said  the  subject  was  one  of  such  immense  importance  that  he 
thought  it  was  the  business  of  the  Society  to  assist  Mr.  Ramsay  and  strengthen  Ins 
hands  in  every  way,  so  as  to  get  some  scheme  of  the  kind  mentioned  by  him  gene- 
rally introduced.  He  said  that  the  principle  which  Mr.  Ramsay  advocated  was  in 
full  action  in  every  farmhouse  in  the  country,  and  he  thought  that  it  was  monstrous 
that  such  valuable  matter  should  be  thrown  away.  He  suggested  that  the  best  way 
for  testing  the  plan  would  be  to  induce,  for  some  privilege  or  another,  the  people  in 
a  small  district  of  the  town  to  carry  out  the  plan  proposed.  With  all  deference  to 
Dr.  Littlejohn,  he  did  not  think  that  the  carrying  it  out  in  an  asylum  would  be 
altogether  a  fair  test  of  the  matter,  for  there  all  the  hands  were  under  control. 

Mr.  John  Beatson  Bell,  secretary,  thought  that  the  Town  Council,  as  Commis- 
sioners of  Police,  should  take  the  matter  into  serious  consideration,  and  give  all  the 
influence  in  their  power  to  procure  a  fair  trial  of  the  system.  He  thought  it  would 
be  a  practical  advantage  to  use  some  cheap  disinfectant  so  as  to  destroy  the  odour 
of  the  matter  in  the  act  of  removing  it. 

The  Chairman  said  that  he  had  seen  a  pamphlet  somewhere,  written  by  a  clergyman 
in  the  south  of  England,  which  was  designed  for  circulation  among  the  poor  people, 
and  in  which  a  somewhat  similar  plan  was  recommended  as  that  suggested  by  Mr. 
Ramsay.  The  minister  had  introduced  this  plan  among  his  parishioners  as  a  sub- 
stitute for  the  water-closet.  That  gentleman  called  it  an  earth  closet,  from  the  box 
containing  the  excreta  being  partially  filled  with  earth;  and  it  was  capable,  in  this 
way,  of  immediate  application  to  the  soil.  If  he  remembered  rightly,  the  people 
were  by  this  means  enabled  to  save  £8  or  £10  a-year. 

Mr.  Ramsay  remembered  seeing  the  pamphlet  which  the  chairman  referred  to, 
but  the  objection  to  the  use  of  the  earth  was,  that  although  it  possessed  highly 
absorbent  qualities,  it  rendered  the  matter  too  heavy,  and  hence  too  expensive  in 
the  carriage. 

Mr.  John  Reid,  C.E.,  approved  of  Mr.  Ramsay's  plan,  and  said  that  he  had  been 
in  the  Netherlands  for  upwards  of  two  years,  where  matters  were  managed  on  a 
plan  somewhat  similar  to  that  proposed.  Every  night,  carts,  or  rather  close  vessels 
mounted  on  wheels,  passed  through  the  streets,  received  the  excreta,  and  thence 
carted  the  substance  direct  to  the  fields.  The  population  of  the  country  probably 
was  the  most  dense  in  Europe,  and  with  naturally  a  poor  soil — chiefly  sand — yet 
there  was  scarcely  a  yard  of  land  but  what  was  luxuriant  with  vegetation,  and  this 
was,  he  thought,  due  to  the  care  which  the  municipal  authorities  took  for  the  con- 
servation of  the  excreta  of  the  different  towns. 

The  Rev.  W.  H.  Gray  expressed  his  high  approval  of  Mr.  Ramsay's  plan,  and 
remarked  that  he  considered  the  paper  as  one  of  the  most  important  which  had 
been  read  before  the  Society  for  some  time,  and  for  which  they  ought  to  feel 
thankful  to  Mr.  Ramsay. 

Mr.  Robert  Moffat  also  expressed  his  approval  of  the  "  Chamber-Closet." 

After  some  discussion,  in  which  general  approval  of  the  "  Chamber-Closet"  was 
expressed, 

Mr.  Edward  Sang  moved  that  a  committee  be  appointed  to  co-operate  with  Mr. 
Ramsay  for  the  purpose  of  bringing  his  plan  under  the  immediate  notice  of  the 
Town  Council,  with  a  view  of  getting  for  it  a  fair  trial. 

Mr.  Reid  seconded  the  motion,  which  was  unanimously  agreed  to,  and  a  com- 
mittee was  accordingly  appointed. 
TJirRD  SERTC8. — VOL.    I. 


THE  INSTITUTION  OF  CIVIL  ENGINEERS. 
LOCKE  MEMORIAL. 

On  Monday,  the  18th  January,  the  ceremony  took  place  of  unveiling  a  Statue  by 
Marochetti,  of  the  late  Joseph  Locke,  C.E.,  M.P.,  &c.,  erected  in  the  People's  Park, 
at  Barnsley — a  plot  of  ground  presented  to  the  town  by  Mr.  Locke,  with  a  liberal 
endowment  for  its  maintenance. 

The  ceremony  was  performed  by  Lord  Alfred  Paget,  assisted  by  the  principal 
authorities  of  Barnsley  and  a  large  body  of  the  neighbouring  gentry,  and  supported 
by  Mr.  Fowler,  the  President  of  the  Institution  of  Civil  Engineers,  and  a  goodly 
assemblage  of  engineering  friends  from  London. 

A  Procession  was  formed  in  the  Church  Field,  and  proceeded  to  the  Park  in  the 
following  order: — 

The  4th  Administrative  Battalion  of  the  W.  R.  Rifle  Volunteers, 

with  their  several  bands. 

Constables  of  Barnsley,  five  abreast. 

The  Clergy  and  Ministers  of  all  Religious  Bodies,  two  abreast. 

The  Magistrates. 

The  Captain  of  the  Locke  Scholars. 

The  Locke  Scholars,  three  abreast. 

Members  of  the  Local  Board  of  Health. 

Lord  Alfred  Paget. 

John  Fowler,  Esq.,  the  President  of  the  Institution  of  Civil  Engineers, 

and  the  Friends  of  the  late  Mr.  Locke. 

The  Inhabitants  of  Barnsley  attending,  three  abreast. 

Clubs,  four  abreast. 

On  arriving  at  the  site  of  the  Memorial,  the  Rev.  W.  J.  Bender  offered  up  an 
appropriate  prayer,  and  the  Statue  was  unveiled. 

Lord  Alfred  Paget  then,  as  Chairman  of  the  Memorial  Committee,  addressed  the 
assembly  in  the  following  lines: — 

Gentlemen,  it  is  not  without  considerable  hesitation  that  I  ha.e  consented  to  take 
an  active  part  in  the  proceedings  of  this  day.  I  had  hoped  that  some  celebrity  in 
the  scientific  or  political  world  would  have  performed  the  duty  which  appears  to  have 
devolved  upon  me,  in  the  capacity  of  chairman  of  the  committee  of  the  friends  of 
the  late  Mr.  Locke,  who  had  combined  to  raise  this  not  unworthy  tribute  to  his 
memory.  I  was,  however,  easily  persuaded,  as  I  entertained  a  personal  regard  for 
our  late  friend;  and  having  the  good  fortune  to  be  thrown  much  into  his  society, 
I  fully  appreciated  the  good  qualities  he  possessed.  No  task  could  therefore  be 
more  agreeable  to  me  than  aiding  in  paying  a  public  tribute  of  respect  to  his 
memory  in  this  locality,  whence  he  sprung — where  he  was  so  well  esteemed,  and  is 
now  so  deservedly  regretted — and  where,  also,  the  joint  names  of  Mr.  and  Mrs. 
Locke  will  be  long  gratefully  remembered,  for  their  judicious  and  munificent  endow- 
ments of  your  public  charities.  The  public  career  of  Joseph  Locke  is  before  the 
world  in  the  great  works  of  public  utility  projected  and  accomplished  by  hiin.  We 
may,  however,  be  permitted  to  cast  a  retrospective  glance  to  the  antecedents  of  the 
well-known  public  man;  and  in  this  case  we  shall  find  that  in  his  father  he  had 
before  him  a  model  upon  which  he  properly  and  sensibly  formed  his  own  character, 
for  it  is  clear  that  the  fatherland  son  were  equally  remarkable  for  energy  and  stead- 
fastness of  mind,  combined  with  economy  and  sagacity  in  worldly  affairs.  Joseph 
Locke  was  born  at  Attercliffe  Common,  not  far  from  hence,  in  the  year  1805,  and 
at  a  very  early  age  came  with  his  family  to  Barnsley,  where  he  enjoyed  the  advan- 
tage of  the  tuition  of  the  Grammar  School.  But  in  these  days  the  period  devoted 
to  education  was  not  long,  and  he  was  soon  sent  to  learn  the  profession  of  surveying, 
at  Pelaw,  and  afterwards  at  Rochdale ;  and  was  then  engaged  in  assisting  his  father. 
In  the  year  1823,  by  a  fortunate  combination  of  circumstances,  the  attention  of  the 
late  Mr.  George  Stephenson  was  directed  to  the  son  of  his  old  fellow-workman,  and 
young  Joseph  Locke  was  admitted  into  the  engine  works  at  Newcastle-upon-Tyne. 
To  a  hard  working  and  studious  youth,  the  opportunity  thus  afforded  of  participat- 
ing in  the  great  and  novel  works  of  the  day,  and  in  company  with  such  a  man  as 
George  Stephenson,  was  not  to  be  neglected.  Self-help  was  all  he  had  to  rely 
upon,  for  in  those  days  there  existed  but  little  of  the  ideas  so  readily  found  at  the 
present  time.  He  shaped  out  his  own  course,  and  the  energy  of  his  character  led 
him  on  to  fame  and  fortune.  Joseph  Locke,  already  an  accomplished  surveyor,  and 
an  active  colleague  of  Robert  Stephenson  in  asserting  the  superiority  of  the  locomo- 
tive over  the  proposed  stationary  system  of  traction,  was  soon  permitted  to  take  his 
own  course ;  and  in  1835  he  constructed  the  Grand  Junction  Railway,  which  by  its 
great  commercial  success  first  strongly  attracted  the  attention  of  capitalists  to  rail- 
ways as  a  highly  profitable  kind  of  investment.  The  career  of  Locke  thus  auspiciously 
opened  soon  became  one  of  incessant  occupation,  as  mercantile  men  and  the  bond 
fide  shareholders  demonstrated  their  confidence  in  him,  by  subscribing  largely  to  the 
lines  on  which  he  was  engaged.  The  South-Western,  the  Sheffield  and  Manchester, 
and  then  the  Scottish  lines  uniting  the  two  capitals,  London  and  Edinburgh,  were 
commenced  and  successfully  carried  out.  In  1837  he  began  the  railways  north  of 
the  Tweed,  and  thus  were  forced  upon  him  works  of  greater  magnitude  than  he 
would  otherwise  willingly  have  undertaken,  for  the  great  characteristic  of  his 
engineering  mind  was  to  avoid  all  works,  however  interesting,  which  were  not 
strictly  essential  to  the  welfare  of  the  undertaking.  In  these  connecting  links 
between  north  and  south,  the  features  of  the  intervening  country  forced  upon  him 
the  construction  of  steeper  gradients,  which  he  henceforth  adopted.  In  1838,  at 
the  instigation  of  M.  Lafitte,  he  turned  his  attention  to  the  construction  of  railways 
in  France,  and  with  Messrs.  McKenzie  and  Brassey  as  the  contractors,  he  succes- 
sively executed  the  Paris  and  Rouen,  the  Rouen  and  Havre,  the  Rouen  and  Dieppe, 
and  the  Cherbourg  Railways — as  well  as  co-operating  in  other  lines,  and  giving  the 
impetus  to  the  introduction  of  the  railway  system  into  France.  These  services  were 
recognized  by  Louis  Philippe  and  by  the  present  Emperor  when  they  successively 
created  Mr.  Locke  a  Chevalier  and  Officer  of  the  Legion  of  Honour.  About  the 
year  1849  he  became  the  representative  in  Parliament  for  the  borough  of  Honiton, 
for  which  he  sat  for  thirteen  years,  and  enjoyed  the  full  confidence  of  his  consti- 
tuents. We  have  not  to  deal  with  Joseph  Locke  as  a  politician  or  a  legislator,  or 
I  might  be  tempted  to  enlarge  upon  the  consistent  support  which  he  gave  to  the 
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free  trade  movement,  his  sensible  opposition  to  the  Sunday  Bill,  and  the  pertinacity 
with  which  he  urged  upon  the  House  the  importance  of  obtaining  full  and  careful 
estimates  for  the  Public  Works  which  were  sought  to  be  authorized.  The  time 
must  arrive  when  the  strongest  mind  and  the  most  active  frame  require  repose,  and 
Mr.  Locke  gradually  relaxed  his  business  and  parliamentary  avocations,  still,  how- 
ever, continuing  to  be  the  valued  adviser  of  certain  railway  companies;  whilst  at 
other  times  he  appeared  at  the  annual  public  meetings  as  a  severe  critic  of  their 
proceedings  when  their  policy  was  not  identified  with  his  views.  He  interested 
himself  in  several  useful  charities,  and  devoted  to  the  Institution  of  Civil  Engineers 
even  more  attention  than  he  had  previously  done,  probably  with  an  inward  feeling 
that  in  the  removal  of  Cubitt,  Rendle,  Brunei,  and  Stephenson,  it  was  incumbent 
upon  him  to  watch  over  that  institution  which  had  been  their  constant  care.  His 
address  from  the  Presidential  chair  should  be  in  the  hands  of  every  young  engineer. 
Gradually,  however,  he  withdrew  more  from  public  life,  and  devoted  himself  to 
count  17  occupations  and  field  sports,  which  on  the  Scottish  moors  he  highly  enjoyed. 
You,  men  of  Barnsley,  always  occupied  much  of  his  thoughts,  and  when  he  visited 
this  place  you  gave  him  a  most  cordial  welcome,  listened  to  his  advice  and  pleasant 
jokes,  expressed  to  him  the  wants  of  your  town,  and  in  all  ways  treated  him  as  a 
trusted  friend  and  counsellor;  and  right  well  he  merited  your  confidence.  He  went 
home  fully  imbued  with  the  feeling  of  what  should  be  done  for  the  benefit  of  your 
town,  and  Mrs.  Locke  has  religiously  carried  out  his  views :  you  know  how  thoroughly 
she  has  acted  in  accordance  with  those  views  in  the  free  gift  of  this  ground,  the 
Locke  Park,  with  an  endowment  for  its  maintenance,  a  most  liberal  endowment  for 
the  Grammar  School — whence  he  derived  rudiments  of  education — a  munificent 
gift  to  the  Roman  Catholic  *Schools,  and  other  well-considered  and  well-hestowed 
charities.  These  all  attest  the  kind  intentions  of  Joseph  Locke,  and  the  noble 
manner  in  which  that  excellent  lady,  Mrs.  Locke,  has  carried  them  out.  My  mission 
must  end  with  the  expression  of  regret  we  all  feel  at  the  too  early  removal  of  the 
last  of  the  trio  of  Brunei,  Stephenson,  and  Locke,  all  men  who  bad  done  and  were 
still  calculated  to  do  good  service  for  their  country.  Allow  me,  in  conclusion,  to 
congratulate  you  on  the  auspicious  inauguration  of  this  noble  monument  to  the 
memory  of  your  distinguished  townsman  in  the  centre  of  this  beautiful  park,  and  in 
the  sight  of  your  children  who  may  be  taught  by  it  lessons  of  energy,  self-reliance, 
and  public  usefulness — and  to  express  my  admiration  of  this  fine  work  of  art  by 
Baron  Marocherti,  which  we  now  intrust,  with  confidence,  to  your  safe  keeping.  His 
Lordship  concluded  amidst  loud  and  protracted  cheering. 

To  a  resolution  thanking  the  donors  for  the  Statue,  Mr.  John  Fowler,  President 
of  the  Institution  of  Civil  Engineers,  said: — 

Gentlemen,  on  behalf  of  the  donors  who  have  presented  the  Statue  to  the  Town 
of  Barnsley,  permit  me  to  thank  the  inhabitants  for  the  resolution  which  has  just 
been  read,  and  at  the  same  time  to  assure  them  that,  in  the  opinion  of  the  friends 
of  the  late  Mr.  Locke,  the  statue  has  now  been  placed  in  its  best  and  most  appro- 
priate position.  Such  a  memorial  of  such  a  man  can  scarcely  fail  to  exercise  a 
beneficial  influence  on  the  future  career  of  many  young  men  of  this  busy  district, 
besides  heing  in  itself  an  ornament  to  the  town.  The  admirable  address  which  we 
have  heard  from  Lord  Alfred  Paget  has  left  little  to  be  added  by  those  who  follow 
him.  Personally  I  esteem  it  a  great  privilege  to  be  present  at  the  interesting 
proceedings  of  this  day;  and  I  am  sure  it  must  be  a  subject  of  peculiar  gratification 
to  the  friends  of  the  late  Mr.  Locke,  as  it  is  to  myself,  that  one  who  knew  him  so  well 
and  valued  him  so  highly,  and  who  is  himself  so  much  respected  bv  the  engineering 
profession,  as  Lord  Alfred  Paget,  should  have  consented  to  take  such  vivid  personal 
interest  in  the  realization  of  this  record  of  our  late  friend,  and  also  in  taking  the 
chief  part  this  day  in  the  inauguration  of  the  "  Locke  Memorial.1'  I  can  assure  the 
inhabitants  of  Barnsley,  and  the  numerous  friends  and  admirers  of  Mr.  Locke  now 
assembled  here,  that  the  members  of  the  Institution  of  Civil  Engineers  of  England, 
of  which  I  have  now  the  honour  to  be  president,  take  a  deep  interest  in  these 
proceedings,  and  that  they  sympathize  cordially  in  the  respect  thus  rendered  to  the 
memory  of  a  man  whom  they  will  long  remember  as  one  of  tiieir  most  distinguished 
and  useful  presidents.  The  world  justly  thinks  that  the  days  of  Stephenson,  Brunei, 
and  Locke  were  "  days  of  the  giants  "  of  the  engineering  profession  ;  and,  gentlemen, 
allow  me  to  say  that  we  in  the  present  day  entirely  agree  with  the  world  at  large 
in  that  opinion.  Locke  was  truly  one  of  those  giants.  His  far-seeing  and  strong 
common  sense,  his  comprehensive  grasp  of  all  the  bearings  of  a  question  were  so 
powerful,  that  the  capitalists  of  Lancashire,  of  London,  and  ultimately  of  France 
and  the  continent  of  Europe,  placed  faith  in  his  judgment,  and  #then  followed  him 
with  such  confidence  as  to  intrust  almost  unlimited  capital  to  his  disposal  in  every 
undertaking  in  which  he  engaged.  In  France  he  was  the  pioneer  of  the  railwav 
system  of  that  country,  and  had  the  good  fortune  to  be  accompanied  and  seconded 
by  Mr.  Brassey,  whom  we  are  all  delighted  to  see  present  with  us  this  day.  What 
more  fitting  representatives  of  Englishmen  could  be  found  than  the  prudent  but 
mcrgetic  Locke,  and  the  modest  but  lion-hearted  Brassey?  What,  indeed,  but  a 
lion  heart  enabled  Brassey  to  meet  the  great  catastrophe  of  the  fall  of  the  Barentin 
Viaduct?  an  accident,  a  pure  accident,  for  which  he  was  neither  legally  nor  morally 
responsible.  "  Well,  Brassey,  what  is  to  he  done?  "  says  Locke.  "  Why,  my  dear 
Locke,  of  course  I  must  build  it  up  again  ;  "  and  build  it  up  again  he  did.  Those 
were  the  true  kind  of  men,  gentlemen,  to  be  the  pioneers  of  a  new  enterprise,  and 
to  impart  confidence  in  Englishmen  amongst  foreigners.  But,  gentlemen,  let  it  not 
be  supposed  that  Locke  was  merely  a  commercial  engineer.  I  believe  that  to  some 
extent  injustice  has  been  done  to  his  memory  by  those  who  did  not  know  him  well, 
arising  no  doubt  from  the  prominent  development  of  the  common  sense  and  com- 
mercial element  in  his  character.  Locke  was,  however,  an  eminently  scientific 
engineer;  and  it  is  to  his  sci'Mititic  knowledge  we  owe  some  of  the  most  important 
discoveries  and  improvements  in  our  railway  system.  He  it  was  who  first  abandoned 
the  use  of  the  fish-bellied  rail  and  adopted  the  n:  form  of  rail,  and  he  was  enabled 
to  do  tiiis  entirely  from  his  scientific  knowledge  of  the  true  value  of  what  engineers 
call  "continuity."  He  it  was  who,  in  conjunction  with  Robert  Stephenson,  com- 
bated the  advocates  of  fixed  steam  engines  as  a  means  of  obtaining  locomotive 
power,  and  by  their  thorough  knowledge  of  the  locomotive  engine  and  its  capabilities 
obtained  the  victory  in  the  contest.  He  it  was  who,  by  the  confidence  which  perfect 
knowledge  of  the  subject  gave  him,  first  advocated  the  lines  over  the  mountain 
ranges  between  Lancaster  and  Carlisle,  and  between  Carlisle  and  the  north,  by 


which  means  long  tunnels  at  a  ruinous  cost  were  avoided,  but  at  the  same  time 
obtaining  perfectly  good  working  lines,  and  thoroughly  adapted  to  the  nature  and 
extent  of  the  traffic  required  to  be  passed  over  them.  At  that  time  no  engineer  but 
Locke  would  have  dared  to  make  the  proposals  for  such  lines,  and  certainly  no  other 
engineer  would  have  been  followed  and  supported  in  them  by  adequate  capital ;  and 
yet  we  all  now  know  and  acknowledge  his  views  on  this  question  to  have  been 
sound,  notwithstanding  the  vehement  opposition  which  they  encountered  at  the 
time.  What  but  scientific  knowledge  could  have  enabled  Locke  to  arrive  at  such 
admirable  conclusions?  because  at  that  time  there  was  little  or  no  experience  to 
guide  him  upon  such  questions.  Many  similar  instances  could  easily  be  given,  but 
they  would  not  here  be  in  place  ;  and  I  have  only  enumerated  one  or  two  prominent 
cases  to  correct  the  erroneous  impression  which  has  appeared  to  exist  in  some  few 
minds,  that  Locke  was  not  eminently  a  scientific  engineer.  Will  you  permit  me, 
in  order  to  illustrate  one  of  the  characteristic  traits  of  our  departed  friend,  to  refer 
to  the  kindly  feeling,  and  almost  I  may  say  affection,  which  many  of  us  have  so 
often  witnessed  between  himself  and  Robert  Stephenson  when  they  met?  They 
were,  as  is  well  known,  frequently  professional  rivals,  but  always  attached  friends; 
and  no  one  who  had  the  privilege  to  hear  it,  will  ever  forget  the  alternate  "  Robert  '* 
and  "Joe11  of  their  familiar  social  intercourse  in  their  late  years,  as  in  the  old  days 
long  gone  by.  In  conclusion,  gentlemen,  permit  me  to  say,  that  from  the  career  of 
the  late  Mr.  Locke  we  may  draw  many  useful  lessons,  and  I  hope  as  a  Yorkshireman 
myself  his  example  and  success  will  stimulate  other  young  men  of  Yorkshire  to 
similar  efforts  for  the  good  of  mankind,  and  for  their  own  reward.  Amongst  civil 
engineers,  and  in  the  annals  of  the  Institution,  the  name  of  Locke  will  ever  occupy 
a  distinguished  position  ;  and  I  believe  the  record  of  this  day's  proceedings  will  be 
memorable  as  long  as  a  great  and  useful  man  continues  to  be  appreciated  by  England 
and  Englishmen. 

The  proceedings  were  closed  by  the  National  Authem,  sung  by  the  assemblage 
around,  who  were  all  deeply  interested  in  the  proceedings. 
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If  the  action  of  a  screw  be  observed,  especially  where  it  is  only  partly  immersed,  it 
will  be  seen  that  a  powerful  current  is  sent  backwards;  and  experiments  conducted 
by  Mr.  Eobert  Griffiths  and  the  writer  have  shown  that  this  reverse  current  holds 
good  over  the  entire  area  of  the  screw,  and  that  the  power  of  the  engines  is 
expended  in  driving  a  cylindrical  column  of  water  backwards,,  in  addition  to  pro- 
pelling the  vessel  fortcards.  The  engines  are  therefore  employed  in  separating  or 
moving  apart  two  weights ;  the  weights  in  this  instance  being  the  vessel  on  the  one 
hand,  and  the  column  of  water  on  the  other. 

Such  being  the  case,  it  requires  no  argument  to  prove  that  the  resistances 
overcome  are  precisely  equal  in  opposite  directions;  thus,  therefore,  a  column  of 
water  with  smaller  area  must  move  proportionally  faster  to  give  an  equal  result 
with  one  of  larger  area ;  so  it  would  seem  that  by  merely  accelerating  the  velocity 
and  increasing  the  pilch,  or  the  number  of  revolutions,  it  might  be  possible  to  get 
as  much  propplling  power  out  of  a  small  screw  as  a  larger  one.  It  is,  however, 
well  known  that  such  a  result  by  no  means  follows  ;  and  the  causes  of  this  apparent 
discrepancy  form  the  most  important  subject  of  our  present  inquiry. 

It  will  be  said,  "  How  can  the  fact  be  accounted  for,  that  in  well-proportioned 
screws  the  motion  of  the  vessel  corresponds  very  nearly  with  that  of  the  screw?" 
Also,  "  Even  in  some  cases  exceeding  it,  as  in  negative  slip." 

The  screw-propeller  bears  no  resemblance  to  a  common  screw  and  nut;  in  fact,  it 
is  much  more  like  the  paddle,  but  entirely  submerged.  The  paddle  moves  exactly 
in  the  line  of  the  vessel's  course,  but  the  screw-propeller  blades  move  at  right 
angles  to  the  vessel's  course.  Suppose,  for  illustration's  sake,  we  look  at  a 
screw-propeller  six  feet  diameter,  with  say  a  boss  two  feet  diameter.  With  each 
revolution  the  extremity  of  a  blade  makes  a  circle  of  eighteen  feet,  in  round  numbers, 
while  the  root  of  the  blade  makes  six  feet.  Without  professing  to  be  accurate,  we 
may  take  the  mean  speed  of  the  blade  to  be 

L8+i  =  12ftet. 

2 

Now,  as  the  blade  cannot  be  set  at  an  angle  of  90°  to  the  screw  shaft,  there  must 
of  necessity  be  a  movement  of  the  water  at  a  certain  inclination,  and  not  exactly 
backwards.  Measuring  the  velocity  of  the  blade  circumferentially  seems  to  be  the 
correct  way  of  ascertaining  the  true  effect  of  the  screw-propeller.  I  am  fully  per- 
suaded that  this  is  the  only  correct  system  to  work  upon.  Accepting  this  theory 
for  the  moment  as  correct,  a  simple  and  natural  explanation  elucidates  all  questions 
of  slip  both  positive  and  negative.  If  the  water  moved  backwards  offers  less 
momentum  than  the  ship  forwards,  the  result  is  positive  slip;  if  more,  we  have 
negative  slip. 

The  series  of  experiments,  above  referred  to,  were  conducted  on  a  small  screw 
steamer  called  the  Dngmar,  on  the  River  Dee,  at  Chester.  This  steamer  has  one 
of  Mr.  Griffith's  screws,  three  feet  six  inches  in  diameter;  and  its  usual  employ- 
ment is  towing  flats  on  the  canal.  Our  experiments  were  conducted  in  order  to 
ascertain  the  direction  and  pressure  of  the  reverse  current ;  and  we  ascertained 
these  particulars  by  a  small  iron  flag  or  apparatus  like  a  wind  vane,  which  had  a 
long  vertical  spindle  connected  with  it,  and  at  the  upper  end  of  the  spindle  was  an 
index  finger,  so  arranged  that  the  flag  or  vane  could  be  set  behind  the  screw  in  the 
water  and  adjusted  to  any  radius,  while  the  index  finger  moved  in  a  graduated  arc 
on  the  deck  of  the  vessel.  The  area  of  the  vane  was  exactly  ten  square  inches.  It 
was  first  placed  so  as  to  determine  the  direction  of  the  current,  and  then  set  at  right 
angles  to  it,  so  as  to  obtain  the  amount  of  pressure,  which  was  measured  by  a 
Salter's  spring  balance. 

Three  sets  of  experiments  were  conducted  (see  table): — 
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Forst  The  vessel  propelling  itself  only. 

Second.   Towing  a  large  flat. 

Third.  Fixed  by  the  towing  rope  to  a  post. 

For  simplicity  of  comparison  we  will  take  notice  only  of  one  radios,  namely, 
seventeen  inches,  under  the  three  different  heads,  and  reckon  the  angle  of  deflection 
of  the  water  from  the  line  of  the  screw  shaft ;  thus,  if  it  were  driven  directly  back- 
wards, the  angle  would  be  zero. 

First.  With  the  vessel  propelling  itself  only.  The  angle  of  the  water  driven  off 
from  the  screw  at  seventeen  inches  radius  was  35°,  and  the  pressure  of  the  current 
21  lbs.  on  ten  square  inches,  the  screw  making  1-1-4  revolutions  per  minute. 

Second.  While  towing  a  loaded  flat.  At  seventeen  inches  radius  the  vane 
showed  a  current  making  an  angle  of  45°  with  the  line  of  screw  shaft,  while  the 
pressure  on  ten  square  inches  was  reduced  to  10  lbs.,  and  the  speed  of  the  screw 
rose  to  160  revolutions  per  minute. 

In  each  of  the  foregoing  experiments  the  steam  pressure  was  60  lbs.  per  square 
inch,  but  in  the  next  experiment  it  was  46  lbs.  per  square  iuch. 

Third.  While  moored  to  a  post.  The  deflection  of  the  current  at  the  same  radius 
gave  an  angle  of  72^°  to  the  line  of  screw  shaft,  and  the  pressure  upon  ten  square 
inches  was  reduced  to  4  lbs.,  while  the  screw  made  136  revolutions  per  minute. 

We  must  bear  in  mind  that  these  pressures  are  measured  at  right  angles  to  the 
currents,  and  not  at  right  angles  to  the  line  of  screw  shaft,  and  they  show  that  as 
the  angle  at  which  the  water  is  deflected  increases,  so  proportionably  does  the  pressure 
of  the  current  decrease. 

TJms — With  a  deflection  of  35°  we  get  21  lbs.  pressure. 
With  a  deflection  of  45°  we  get  10  lbs.  pressure. 
With  a  deflection  of  72J°  we  get  4  lbs  pressure. 

Comparing  the  first  two  together,  an  increase  of  10°  in  the  deflection  reduces  the 
pressure  by  11  lbs.;  and  comparing  the  latter  results  an  increase  of  274_°  reduces 
the  pressure  by  6  lbs.  It  would  appear  from  these  facts  that  with  no  deflection  afi 
the  power  of  the  engines  becomes  pressure  backwards,  while  with  a  deflection  of  90u 
the  current  has  its  course  or  direction  changed,  and  no  pressure  whatever;  thus, 
calling  the  total  pressure  50,  for  the  sake  of  comparison,  we  have — ■ 

Angle  of  deflection  =    0°  ;  Corresponding  pressure  =  50. 
"  =90°;  "  "         =     0. 

At  the  end  of  this  paper  is  appended  the  complete  table  of  results  at  the  different 
radii — all  taken  below  the  centre  of  the  screw  snaft.  I  would  only  say  that  the 
results  vary  so  capriciously  that  I  have  found  myself  completely  baffled  in  any 
attempt  to  ascertain  with  accuracy  a  law  to  account  for  their  deviation  ;  though 
this  much  is  quite  clear,  namely,  where  we  have  little  deviation  there  is  pressure, 
and  where  all  is  deviation  there  is  no  pressure. 

The  power  may  be  expended  either  in  deflecting  the  current  laterally,  or  in  sending 
it  back  in  straight  lines  ;  but  it  cannot  do  both.  Take  the  case  of  a  turbine,  with 
a  current  of  water  flowing  through  it.  When  the  machine  is  working  to  the 
greatest  advantage  the  current  passes  away  from  the  buckets  with  no  velocity,  or 
pressure,  and  exactly  at  right  angles  to  its  course  on  entering.  If  it  leaves  at  any 
smaller  angle,  unconsumed  power  passes  away  ;  and  if  at  more  than  90°  from  the 
direction  of  its  course  on  entering,  part  of  its  own  power  is  employed  in  deviating 
the  current  beyond  the  maximum  of  duty.  Leaving  the  illustration  which  might 
he  drawn  from  the  latter  case,  as  being  in  the  main  rather  theoretical,  we  notice 
that  in  the  turbine  we  have  a  mere  change  in  the  direction  of  the  current  of  the 
water,  while  it  impinges  against  the  moving  bucket,  delivering  out  all  the  power 
contained  in  it.  By  reversing  the  process,  and  applying  it  to  the  screw-propeller, 
we  see  a  portion  of  the  power  is  employed  in  changing  the  direction  of  the  current 
obliquely,  whiie  another  portion  gives  a  pressure  that  propels  the  vessel  on  its  course. 
Besides  the  obliquity  of  motion  of  the  water,  consuming  power  to  produce  it,  there 
will  also  be  a  loss  from  the  very  obliquity  itself,  and  if  it  were  not  for  the  counter- 
acting influences  of  the  upper  and  lower  oblique  currents  behind  the  screw,  a  vessel 
would  be  continually  turning  round  and  make  a  circular  instead  of  a  direct  course. 

Applying  the  angular  deviation  of  the  water  to  the  entire  circumference  and  area 
of  the  screw,  it  will  be  observed  that  the  column  hitherto  spoken  of  as  being  driven 
backwards,  really  possesses  a  considerable  twist  or  rotary  motion  as  it  leaves  the 
screw ;  and  it  is  by  making  use  and  taking  advantage  of  this  rotation  that  the  power 
expended  in  producing  it  is  delivered  to  the  patent  fixed  blades,  and  assists  in  the 
propulsion  of  the  vessel,  instead  of  being  wasted.  True,  no  power  can  be  recovered 
not  originally  given  out  by  the  engines;  but  when  the  stream  has  left  the  blades  of 
the  screw  the  total  available  power  is  represented  by  the  water  driven  off,  and  all 
is  contained  in  it,  but  a  part  of  the  power  so  contained  moves  the  water  sidewavs 
instead  of  the  vessel  forwards.  When  a  screw-propeller  revolves  but  slowly,  there 
is  not  much  side  movement  of  the  water,  nor  much  twist  in  the  column;  but  with 
an  acceleration  of  the  velocity  or  increase  of  pitch,  this  obliquity  increases,  until  at 
lust  it  reaches  such  a  degree  that  the  propelling  power  will  scarcely  keep  the  vessel's 
head  to  the  wind.  Thus  with  a  screw-propeller  there  is  always  a  limit  of  speed 
that  must  not  be  exceeded  ;  consequently  large  vessels  require  large  and  ponderous 
screws,  while  if  it  be  possible  to  direct  the  current  straight  backwards  with  any 
velocity  of  the  screws,  we  shall  be  able  to  reduce  the  size  of  screws  at  present 
necessary,  and  to  increase  their  velocity  and  pitch  within  reasonable  limits.  It  is 
not  necessary  to  point  out  the  advantage  of  such  a  system  in  shallow  water;  and 
the  reduction  of  size  and  weight  is  a  most  important  point  under  all  circumstances. 

The  three  experiments  with  the  steamer  propelling  itself  alone,  towing  a  flat,  and 
moored  to  a  post,  correspond  with  tolerable  accuracy  to  a  vessel  with  a  large 
screw ;  a  vessel  with  a  small  screw ;  and  a  vessel  fast  on  a  sandbank,  or  against  a 
strong  headwind.  And  reflecting  on  this  comparison  it  will  readily  be  seen  that, 
as  the  resistances  increase,  so  does  the  power  to  overcome  these  resistances 
decrease.  For  this  reason  a  screw-propeller  is  no  match  for  the  paddles,  either  in 
economy,  or  scarcely  even  in  speed  ;  for  on  meeting  with  headwinds  the  screw  still 
maintains  its  velocity,  while  the  paddles  reduce  their  speed;  but  the  power  of  the 
screw  is  employed  in  twisting  the  column  of  water  more  and  more. 

Having  now  arrived  at  the  point  where  a  twisted  column  of  water  is  driven  away 
from  behind  the  screw,  and  seen  that  the  angular  portion  of  the  line  of  its  direction, 


or  its  obliquity,  is  a  source  of  loss  of  power,  we  must  consider  how  there  can  be  a 
possibility  of  securing  this  power  so  wasted.  Attention  has  naturally  been  directed 
to  the  screw  itself  to  attain  this  object,  and  numerous  and  most  costly  have  been 
the  experiments  conducted  ;  and  there  is  scarcely  a  shape  that  imagination  can 
devise  that  has  not  been  tried.  The  fins  of  fishes,  the  movements  of  their  bodies, 
and  the  convolutions  of  shells,  the  Australian  boomerang,  and  the  wings  of  birds, 
have  all  lent  their  aid  in  attempting  to  solve  the  problem;  but  beyond  a  certain 
point  all  have  failed.  The  reason  of  this  is,  that  a  screw  has  been  looked  upon  as 
being  what  its  name  imports,  whereas  it  really  is  not  a  screw  in  the  ordinary 
acceptation  of  the  term.  And,  moreover,  as  the  plane  of  its  movement  must  of 
necessity  be  always  at  right  angles  to  the  line  of  the  direction  of  the  vessel's  course, 
the  question  of  the  form  of  the  propeller  best  suited,  under  present  circumstances, 
is  decided  as  that  which  gives  the  minimum  of  waste.  Yet  there  must  be  some, 
and  nothing  ever  can  he  done  to  the  screw  itself  to  reduce  this  minimum  to  zero. 

Accepting  this  loss  of  force  in  the  deviation  of  the  current  as  a  necessary  con- 
comitant to  the  nature  of  the  screw-propeller,  we  must  try  and  recover  the  wasted 
power  from  the  twisted  current;  and  the  apparatus  for  doing  this  is  the  Patent 
Duplex  Propeller  which  I  have  the  honour  of  bringing  before  you. 

Fig.  1  represents  a  side  elevation ;  fig.  2  an  end  elevation ;  fig.  3  a  transverse 
section  across  the  line  (a,  b). 

A,  B,  is  one  of  Mr.  Griffith's  screws  attached  in  the  ordinary  manner. 


Fig.  1. 


Fig.  2. 


C,  D,  and  E,  F,  are  the  deflectors  bolted  to  the  rudder  post,  and  so  placed 
relatively  to  the  screw  that  the  currents  shall  strike  obliquely  against  the  inner 
surfaces. 

Referring  to  the  section,  fig.  3,  the  arrows,  p,  w  and  x,  y,  z,  represent  currents 
of  water  driven  away  from  the  screw ;  v,  w  being  the  ordinary  course  pursued  by 
the  current,  and  y,  z  the  course  followed  after  impinging  upon  the  surface  of  the 
deflector. 

Two  blad"S  are  shown  in  the  drawing,  for  the  sake  of  avoiding  needless  confusion, 
but  the  open  space,  g,  h,  i,  k,  may  be  filled  by  a  boss  and  six,  eight,  or  any 
number  of  blades  spring  from  it,  arranged  similarly  to  those  on  the  ordinary  screw- 
proptlUr. 

We  will  assume  a  vessel  to  be  fitted  with  one  of  Mr.  Griffith's  screw-propellers 
in  the  ordinary  manner,  and  that  this  propeller  be  driven  at  a  tolerable  velocity ; 
and  we  will  further  suppose  it  to  be  a  right-handed  screw,  with  its  blades  set  at 
60°  to  the  line  of  screw-shaft.  Now,  behind  this  screw  we  place  another  exactly 
similar,  but  left-handed,  and  having  its  blades  set  at  30°  to  the  line  of  screw- 
shaft,  instead  of  60°.  The  boss  carrying  the  latter  is  bolted  to  the  rudder-post,  so 
that  it  can  neither  rotate  nor  move  in  any  way,  and  the  blades  spring  from  it  in  the 
ordinary  manner.  The  second  screw  catches  the  twisted  column  of  water  as  it 
leaves  the  primary  one,  and  diverts  the  currents  straight  backwards.  I  shall  speak 
of  it  hereafter  as  the  "deflector,"  and  retain  the  name  "screw"  for  that  only  to 
which  it  at  present  applies.  This  deflector  is  in  itself  a  true  screw,  but  with 
a  very  long  pitch,  and  I  have  taken  the  figures  60°  and  30°  more  for  comparison 
than  for  accuracy.  When  the  water  has  impinged  upon  the  blades  of  the  deflector, 
it  passes  away  exactly  behind  the  vessel,  or  in  line  with  a  continuation  of  its  keel, 
and  possesses  little  or  no  twist  or  obliquity.  Bearing  in  remembrance  the  illus- 
tration of  the  turbine,  it  will  be  seen  that  the  second  deviation  of  the  current  gives 
out  the  powers  which  was  needed  to  produce  its  first  deviation,  with,  of  course,  the 
loss  by  friction.  The  whole  apparatus,  in  fact,  bears  much  resemblance  to  the 
Jonval  turbine,  and  perhaps  this  is  the  most  simple  and  convenient  illustration. 

It  almost  appears  as  if  a  current  driven  backwards  should  be  more  likely  to 
force  away  the  deflector,  and  cause  a  hindrance  to  the  vessel's  progress  instead  of 
assisting  ;  but  this  is  not  so,  for  we  have  suspended  the  deflectors  loosely  behind 
the  screw,  and  find  that  when  their  angle  or  pitch  is  correctly  proportioned  to  that  of 
the  screw,  a  strongly  attractive  influence  is  exerted,  and  the  whole  concern  would  be 
surked  into  the  screw  were  it  not  held  fast  by  being  bolted  to  the  rudder  post.  We 
have  gained  both  speed  and  an  increase  of  towing  force  by  the  application  of 
the  "  deflector;"  and  though  hitherto  the  trials  have  been  made  on  a  small  scale, 
several  other  points  have  been  very  strongly  brought  out ;  and  they  may  all  be 
traced  to  the  fact  that  the  water  leaves  in  straight  and  parallel  lines,  and  has  no  cross 
motion  or  obliquity.  Thus,  for  instance,  it  does  not  strike  against  the  rudder  and 
produce  the  vibration  now  attendant  on  screw-propellers  only,  for  the  force  now 
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employed  in  doing  this  is  quietly  led  away,  and  aids  in  the  progress  of  the  vessel. 
Also,  the  parallelism  of  the  current  adds  greatly  to  the  ease  of  steering,  and  to  the 
power  of  the  rudder.  There  is  also  scarcely  a  perceptible  confusion  behind,  as  all 
cross  currents  which  show  a  peculiar  curling  motion  are  taken  away  by  the  deflec- 
tor, and  produce  useful  effect  in  propelling  the  vessel. 

The  most  important  point,  however,  is  the  being  able  to  dispense  with  the  pon- 


derous screws  now  necessary,  and  to  secure  any  reasonable  propelling  power  by 
the  simple  expedient  of  increasing  the  velocity  of  a  small  screw,  and  adding  the 
deflector  behind  it ;  for  although  the  power  expended  still  produces  a  great  deviation 
in  the  current,  yet  the  deflector  recovers  all  that  would  otherwise  have  been  lost. 
We  do  not  presume  to  create  new  power  by  this  apparatus,  but  only  to  economize 
what  is  already  produced  by  the  engines,  and  to  apply  it  all  to  propelling  the  vessel. 


Experiments  on  the  Screw  Steam  Tug  "Dagmar,"  on  tue  Rivek  Dee,  Chester,  to  ascertain  the  Deflection  of  the  Current 

behind  the  screw,  and  its  pressure — 9th  october,  1865. 
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A  model,  showing  the  application  of  the  invention  in  connection  with  a  Griffith 
screw-propeller,  was  exhibited. 
In  the  after  discussion, 

Mr.  Jas.  K.  Napier  said  that  the  experiments  were  ingeniously  contrived  for 
showing  the  direction  of  the  water  as  it  left  the  propeller,  and  he  looked  upon  the 
deflectors  as  an  important  improvement,  which  he  believed  would  fully  realize  the 
inventor's  expectations.  He  did  not,  however,  agree  with  Mr.  Rigg  as  to  the  cause 
of  the  reduced  pressure  on  his  experimental  vane  placed  in  different  positions  and 
under  different  circumstances,  as  shown  in  the  table  ;  for  the  water  might  strike  the 
vane,  making  a  vertical  angle,  which  his  apparatus  was  not  adapted  for  showing. 
The  effective  surface  would  be  reduced  in  the  ratio  of  radius  to  cosine  of  the  angle 
of  deflection.  The  pressures  must  consequently  be  less  from  this  cause  alone  if  from 
no  other.  His  invention  would  also  likely  reduce  the  vibration  upon  the  stern,  if 
the  deflectors  were  properly  constructed.  Mr.  Rigg  had  shown  more  deflectors  in 
the  drawing  than  on  the  model,  and  theoretically  the  speaker  believed  this  was 
right.  They  should  be  something  like  the  guide  blades  of  a  turbine  as  to  number. 
However,  he  did  not  think  that  shipowners  would  like  to  have  too  many  of  them, 
as  they  would  be  apt  to  catch  the  ropes  and  other  material.  There  could  be  no 
practical  objections,  however,  to  two  as  shown  on  the  model.  He  said  that  Mr. 
Griffiths,  who  had  first  told  him  about  this  invention,  had  said  that  the  deflectors 
enabled  the  vessel  to  go  astern  straight  without  turning  to  one  side  or  the  other, 
which  is  so  disadvantageous  with  screws  in  general.  He  asked  Mr.  Rigg  if  this 
were  really  the  case  ? 

Mr.  Rigg  said  that  the  deflectors  had  no  effect  upon  the  course  of  the  vessel  in 
backing. 

The  President  said  that  all  the  water  that  was  acted  on  by  the  deflectors  in 
backing  was  of  small  volume,  so  that  the  effect  would  be  little  either  way. 

Mr.  D.  Rowan's  impression  was  that  Mr.  Rigg's  invention  was  very  much  the 
thing  that  was  required.  It  was  well  known  that  the  action  of  the  propeller  upon 
the  water  was  to  send  it  back,  not  in  a  straight,  but  in  a  circular  direction.  Now, 
the  maximum  result  of  the  screw-propeller  would  be  attained  if  it  could  be  got  to 
drive  in  straight  lines,  backwards,  a  column  of  water  equal  in  area  to  the  area 
described  by  the  screw.  That  was  what  Mr.  Rigg's  invention  aimed  at ;  and  he 
thought  that  it  came  nearer  that  idea  than  anything  else  which  had  been  tried. 
He  believed  it  would  be  a  great  improvement. 

Mr.  Mansel  had  not  considered  the  subject,  but  he  thought  it  contained  the 
elements  of  a  very  valuable  invention. 

The  President  thought  that  engineers  would  put  more  of  the  deflectors  round 
the  circle. 

Mr.  Hunt  said  that  as  practical  men  appeared  to  have  little  to  say  on  the  matter, 
he  would  venture  on  a  few  remarks,  but  which  must  be  understood  to  be  purely 
theoretical.  Some  ten  or  twelve  years  ago  he  had  given  the  subject  of  screw  pro- 
pulsion considerable  thought,  and  amongst  other  things  had  actually  considered 
whether  deflectors,  such  as  Mr.  Rigg's,  would  be  advantageous.  It  was,  of  course, 
his  own  fault  and  loss  if  he  then  failed  to  see  an  advantage  subsequently  proved 
by  Mr.  Rigg  to  really  exist.  His  decided  opinion,  however,  was  that  the  deflectors 
would  not  improve  the  effect  of  a  really  good  screw.  If,  in  a  particular  case,  they 
did  prove  beneficial,  it,  in  his  opinion,  simply  indicated  that  the  screw  used  with 
them  was  not  of  the  best  proportions.  The  use  of  the  deflectors  obviously  involved 
additional  surface  friction,  from  which  some  deduction  must  be  made  from  the 
additional  propelling  effect  they  might  derive  from  the  otherwise  waste  power  in  the 
currents.  To  make  a  screw  (without  deflectors)  produce  additional  propelling  effect 
might  also  involve  increased  surface  friction,  but  certainly  not  so  much  as  in  the 
case  of  the  deflectors.  Erroneous  conclusions  were  often  drawn  from  improved 
results  obtained  in  particular  cases.  Thus,  whilst  there  was  no  doubt  that  the 
Griffith's  screw  (which  was  the  kind  used  in  some  of  Mr.  Rigg's  experiments)  gave 
generally  better  results  than  other  screws,  yet,  in  his  opinion,  it  only  showed  that 
the  other  screws  were  defective,  and  that  better  results  than  even  those  got  with 
the  Griffith's  screw  ought  to  be  obtained.  The  action  of  the  large  boss  in  Griffith's 
screw  was  not  at  all  understood.  In  his  opinion  the  boss  forced  the  water  from  the 
centre  towards  the  outer  and  more  effective  parts  of  the  blades,  whilst  there  was  a 
tendency  to  form  a  vacuum  behind,  which  caused  a  reconvergence  of  the  currents. 
Power  must  obviously  be  consumed  in  this  forward  forcing  action  of  the  boss,  this 
dragging  of  the  boss  through  the  water,  combined  with  the  sucking  or  vacuum- 
firming  action  behind ;  and  if  a  propeller  could  be  made  to  have  the  improved  action 
of  the  blades  on  the  water  without  that  drawback,  it  would,  of  course,  be  superior 
to  Griffith's  screw. 

Mr.  Day  thought  the  question  to  be  solved  was  what  was  the  actual  difference  of 


effect  produced  by  sending  the  water  in  a  straight  line,  as  was  done  by  Mr.  Rigg's 
deflectors,  and  that  in  an  inclined  direction,  as  was  done  by  the  ordinary  screw- 
propellers  ?  and  whether  the  per-centage  of  friction  on  the  guides  would  be  so 
small  as  to  leave  a  direct  propulsive  effect  greater  than  the  angular  propulsion 
without  the  guides  ? 

Mr.  Hunt  said  there  was  a  remark  in  the  paper  to  the  effect  that  it  was  impossible 
to  form  the  blades  of  a  screw-propeller  so  as  to  throw  the  water  directly  aft,  without 
the  aid  of  deflectors.     He  did  not  think  it  was  impossible. 

Mr.  More  said  he  had  not  much  knowledge  of  the  subject,  as  it  did  not  lie  in  the 
way  of  his  branch  of  engineering,  but  his  opinion  was,  that  the  supposed  advantage 
of  the  deflectors  would  be  done  away  with  by  the  retarding  influence  exerted  in 
dragging  them  through  the  water. 

Mr.  Rigg  replied  that  that  was  prevented  by  the  vacuum  formed  behind  the 
deflectors. 

Mr.  Gilchrist  remembered  Messrs.  A.  and  J.  Inglis  having  tried  a  hollow  screw, 
but  the  result  was  the  same  as- with  the  common  screw.  The  blades  were  bent 
in  order  to  keep  the  water  in  a  column,  and  send  it  back  in  a  straight  line.  Messrs. 
Smith  and  Rodger  did  the  same  by  putting  a  flange  on  the  propeller,  but  neither 
was  any  improvement. 

Mr.  Davison  said  this  invention  seemed  to  him  to  be  a  step  in  the  right  direction. 
He  did  not  see  any  particular  objection  to  it ;  but  he  had  not  considered  the  question 
much.  The  only  question  with  him  was,  whether  the  amount  of  propelling  effect 
obtained  from  the  oblique  current  was  sufficient  to  compensate  for  the  extra  friction 
caused  by  the  progress  of  the  deflectors  through  the  water. 

In  answer  to  questions,  Mr.  Rigg  said  the  plan  had  not  been  tried  except  on  a 
small  vessel  yet.  It  had  been  tried  both  with  Griffith's  and  other  propellers.  Its 
effect  was  best  with  Griffith's.  The  use  intended  to  be  made  of  the  deflectors  was 
also  to  reduce  the  screw  by  one-half,  and  to  double  its  velocity. 


MANCHESTER    ASSOCIATION   FOR    THE    PREVENTION   OF    STEAM 
BOILER  EXPLOSIONS. 


CHIEF  ENGINEER'S  MONTHLY  REPORT-JANUARY,  1866. 

At  the  ordinary  monthly  meeting  of  the  executive  committee  of  this  Associa- 
tion, held  at  the  Offices,  41  Corporation  Street,  Manchester,  on  Tuesday,  January 
30th,  1866,  William  Fairbairn,  Esq.,  C.E.,  LL.D.,  F.R.S.,  President,  in  the  chair, 
Mr.  Fletcher,  chief  engineer,  presented  his  report,  of  which  the  following  is  an 
abstract : — 

"  During  the  last  month  252  engines  have  been  examined,  and  388  boilers,  as 
well  as  one  of  the  latter  tested  by  hydraulic  pressure.  Of  the  boiler  examinations, 
274  have  been  external,  5  internal,  and  109  entire.  In  the  boilers  examined,  103 
defects  have  been  discovered,  8  of  those  defects  being  dangerous. 

"  Another  case  of  furnace  crowns  being  injured  through  over-heating  has  been 
met  with  during  the  past  month,  which  would  have  been  prevented  by  the  adop- 
tion of  a  self-acting  feed  back  pressure  valve,  and  by  the  feed  inlet  being  fixed 
above  the  level  of  the  furnace  crowns. 

"  The  most  important  case  of  external  corrosion,  took  place  at  the  bottom  of 
a  boiler  set  on  a  mid-feather,  and  immediately  where  in  contact  with  the  brick- 
work. The  extent  of  the  injury,  as  is  frequently  the  case,  could  not  be  seen  until 
the  brickwork  was  removed;  and,  therefore,  it  is  trusted  that  those  members  whose 
boilers  are  set  on  midfeather  walls  will  not  omit,  in  preparation  for  flue  examina- 
tions, to  have  the  brickwork  ploughed  out  where  the  transverse  seams  of  the  boiler 
rest  upon  them,  so  that  the  condition  of  the  plates  may  be  actually  seen  by  the 
inspectors. 

EXPLOSIONS. 

"  Explosions  this  year  are  following  one  another  in  quick  succession,  and  if  they 
continue  at  the  same  rate,  the  annual  list  will  be  a  long  one.  Already,  since 
January  1st,  six  explosions  have  taken  place,  one  of  them  of  a  very  disastrous 
character,  eight  persons  being  injured,  four  of  them  fatally.  The  total  return  for 
the  month  up  to  January  26th  is  six  persons  killed  and  seven  others  injured.  Not 
one  of  the  boilers  in  question  was  under  the  charge  of  this  Association.  The  follow- 
ing is  a  tabular  statement: — 
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"Tabular  Statement  of  Explosions  from  January  1st,  I860,  to 
January  26th,  1866,  inclusive. 


Progres- 
sive No. 
for  1SS6. 


Jan.  1. 
Jan.  2. 
Jan.  7. 
Jan.  12. 

Jan.  17. 

Jan.  18. 


GENERAL   DESCRIPTION   OF  BOILER. 


Locomotive, 

B  utterley, 

Marine, 

Ordinary  Double-flue,  or  Lancashire— 

Internally  fired, 

Single  Flue,  or  Cornish — Internally 

fired, 

Portable    Multitubular — Locomotive 

Type, 

Total, 


Persons 
Killed, 


Persons 

Injured 


''.No.  6  explosion,  by  which  one  life  was  lost,  happened  at  about  half-past  six 
on  the  morning  of  Thursday,  January,  18th,  to  a  boiler  not  uuder  the  inspection 
of  this  Association,  and  which  worked  at  a  saw-mill. 

"  The  boiler  was  of  the  portable  multitubular  class,  set  on  wheels,  and  its  con- 
struction, generally,  of  the  locomotive  type,  though  it  slightly  differed  in  some 
respects,  since  instead  of  the  fire-box  being  at  one  end  of  the  boiler,  and  the  smoke- 
box  at  the  other,  and  the  two  connected  with  a  single  direct  set  of  tubes,  the  fire- 
box and  smoke-box  in  this  case  were  both  at  the  same  end  of  the  boiler,  there  being 
a  second  or  return  set  of  tubes  above  the  others,  and  which  passed  over  the  crown 
of  the  fire-box.  The  fire-box  bad  flat  sides,  which  were  strengthened  with  short 
stays,  as  is  usual  in  locomotives,  while  the  crown  was  slightly  arched  elliptically, 
and  not  stayed  at  all,  but  depended  entirely  on  its  shape  to  withstand  the  downward 
pressure  of  the  steam.  The  length  of  the  boiler  was  8  feet  3  inches,  and  the  diameter 
of  the  cylindrical  barrel  5  feet  6  inches,  while  the  internal  case  of  the  fire-box  was 
2  feet  10  inches  long,  by  2  feet  5  inches  wide,  and  the  rise  of  the  furnace  crown  at 
the  centre  6  inches,  the  thickness  of  the  crown  plate,  which  is  the  only  one  that 
need  be  given,  being  a  quarter  of  an  inch.  The  boiler  was  fitted  with  a  feed  back 
pressure  valve,  a  blow-out  tap,  a  glass  water  tube,  as  well  as  two  gauge  taps,  and 
a  single  safety-valve,  the  lever  of  which  was  loaded  with  a  spring  balance,  and 
usually  weighted  to  40  lbs.  on  the  square  inch.  There  was,  however,  no  steam 
pressure  gauge,  as  there  should  have  been. 

"  The  boiler  failed  at  the  crown  of  the  inner  case  of  the  fire-box,  tearing  away 
transversely  for  a  width  of  about  2  feet  close  to  the  angle  iron  by  which  it  was 
attached  at  the  front,  while  it  also  rent  longitudinally  on  each  side  of  this  primary 
rupture  for  a  length  of  about  2  feet  9  inches,  the  plate  still  hanging  on  to  the  back 
of  the  fire-box,  and  folding  down  nearly  to  the  bottom  of  the  ash-pit. 

"  On  the  occurrence  of  this  rent  the  boiler  was  driven  violently  forwards,  and  the 
front  part  of  it  forced  through  the  wall  of  an  adjoining  workshop,  while  it  appeared 
as  if  it  would  have  gone  right  through  the  building,  and  brought  a  considerable 
portion  of  it  down,  had  not  a  cross  wall,  some  15  or  20  feet  deep,  arrested  its  course, 
though  the  brickwork  became  materially  shattered  by  the  blow.  In  addition  to  this, 
a  considerable  part  of  the  engine  was  broken  in  pieces,  and  the  boiler  surrounded  by 
a  heap  of  debris,  while  the  engineman,  who  was  standing  close  to  it  at  the  time,  was 
blown  away,  dashed  against  some  timber  a  short  distance  off,  and  killed  on  the  spot. 

"  The  cause  of  the  explosion  was  investigated  and  reported  on  at  the  inquest  by 
two  engineers — one  of  them  appointed  by  the  coroner,  and  the  other  by  the  owner 
of  the  boiler — both  of  thpm  having  had  experience  in  the  construction  of  locomotive 
boilers,  being  engaged  in  the  engine  department  of  an  important  line  of  railway  in 
the  neighbourhood.  Both  of  these  witnesses  concurred  in  attributing  the  explosion 
to  simple  over-pressure,  in  consequence  of  the  spring  balance  with  which  the  safety- 
valve  was  loaded  being  screwed  down  so  far  as  to  be  completely  locked,  so  that  any 
rising  of  the  valve  or  escape  of  the  steam  was  prevented.  They  felt  confident  that 
the  furnace  crown  had  not  been  overheated  through  deficiency  of  water,  and  also 
that  it  did  not  present  any  appearance  of  previous  defects,  but  was  sound,  of  good 
quality,  and  of  uniform  thickness  throughout,  while  they  considered  that  the  boiler 
was  perfectly  safe  at  the  pressure  of  40  lbs.  on  the  square  inch,  at  which  it  had 
been  ordinarily  worked,  and  that  the  explosion  would  not  have  happened  if  the 
safety-valve  had  been  free  in  action. 

"  My  own  examination  of  the  boiler,  which  was  made  shortly  after  that  of  the 
two  witnesses  just  referred  to,  led  me  to  form  the  same  opinion  as  to  the  cause  of 
the  explosion.  There  was  no  evidence  whatever  of  shortness  of  water.  The  furnace 
crown  itself  showed  no  signs  of  it,  either  from  colour  or  shape,  while  in  addition 
the  small  fine  tubes  were  thickly  coated  with  incrustation,  and  appeared  perfectly 
straight  and  uninjured;  and  since  the  top  row  of  these  passed  over  the  fire-box,  it 
may,  it  is  thought,  be  safely  concluded  that  the  crown  plate  had  not  been  over- 
heated. That  the  safety-valve  was  actually  locked  down  at  the  time  of  explosion 
I  am  not  able  positively  to  state,  since  it  had  been  taken  out  and  replaced  prior  to 
my  own  examination  ;  but  its  construction,  which  was  most  dangerous,  and  to  which 
attention  should  be  called,  rendered  this  highly  probable.  The  spring  balance  with 
which  the  safety-valve  lever  was  weighted  was  within  an  eighth  or  three-sixteenths 
of  an  inch  of  the  end  of  its  traverse  when  screwed  down  to  the  ordinary  working 
pressure  of  40  lbs.,  so  that  it  only  required  an  extra  turn  or  so  of  the  screw  by  which 
it  was  attached  to  lock  it  fast,  and  which  could  the  more  readily  be  done  since  the 
screw  did  not  require  the  use  of  a  spanner  or  the  exercise  of  any  force  to  turn  it, 
but  was  easily  adjusted  by  hand.  It  appears  that  the  boiler  had  been  out  of  work 
a  few  days  previous  to  the  explosion,  and  that  during  that  time  it  had  been  emptied 
and  refilled,  the  water  being  poured  in  as  usual  through  the  safety-valve,  which  of 
course  necessitated  the  removal  of  the  spring  balance,  &c,  and  in  replacing  it  nothing 
was  easier,  as  already  explained,  than  for  the  engineer,  through  haste  or  oversight, 
to  turn  the  handscrew  a  thread  or  so  too  far,  and  thus  to  lock  the  safety-valve  fast. 
It  should  be  pointed  out  that  the  explosion  happened  the  first  thing  in  the  morning, 


immediately  after  the  attendant  had  sounded  his  whistle  for  starting,  and  before 
there  had  been  time  for  the  engine  to  turn  round  more  than  once  or  twice,  if,  indeed, 
it  had  moved  at  all.  So  that  there  seems  no  reason  to  doubt  that  the  safety-valve 
was  locked  fast,  as  already  explained,  while  the  engine  was  standing  with  the  fire 
burning  preparing  to  start,  when  the  steam,  not  being  able  to  escape,  rose  to  a  higher 
point  than  usual :  and,  since  there  was  no  pressure  gauge,  as  there  should  have  been, 
to  warn  the  engineman  of  the  danger,  the  steam  went  on  accumulating  without  his 
knowledge  until  the  boiler  burst. 

"  The  question  was  raised  at  the  inquest  whether  neglect  was  not  attributable  to 
the  engineman  in  screwing  the  safety-valve  down  so  tight,  whereas  it  is  thought  it 
should  rather  be  a4ced  whether  neglect  was  not  attributable  to  the  maker  for  turning 
out  a  boiler  whose  safety  could  be  jeopardized  by  an  extra  turn  or  so  of  a  handscrew, 
which  could  at  any  time  be  given  to  it,  either  through  oversight  or  malice,  since  it 
was  perfectly  accessible  and  unguarded ;  while  there  was  no  steam  gauge  to  give 
warning  of  unusual  pressure.  Since  portable  engines  are  now  in  very  general  use, 
it  is  important  to  point  out  that  every  boiler  fitted  up  as  this  one  was  is  a  complete 
trap,  and  danger  must  be  always  imminent  whenever  it  is  in  use.  The  remedy, 
however,  is  perfectly  simple.  The  screwed  shank  by  which  the  spring  balance  was 
secured,  should  have  been  fitted  with  a  collar,  or  else  have  had  a  loose  ferrule 
slipped  over  it,  so  as  to  prevent  the  possibility  of  the  safety-valve  being  locked  fast. 
These  collars  and  ferrules  can  be  so  adjusted  as  to  suit  any  desired  pressure,  beyond 
which  not  an  ounce  can  be  put  upon  the  valve,  however  tightly  the  spindle  may  be 
screwed.  The  necessity  of  these  ferrules  has  from  time  to  time  been  pointed  out  to 
all  the  members  of  this  Association,  the  levers  of  whose  safety-valves  have  been 
weighted  with  spring  balances,  and  also  a  steam  pressure  gauge  recommended  in 
every  case,  and  it  is  clear  that  the  adoption  of  these  simple  precautions  would  have 
prevented  this  explosion.  It  is  thought,  therefore,  that  the  onus  must  be  thrown 
on  the  maker  for  turning  out  so  dangerous  a  boiler,  rather  than  on  the  attendant 
who  was  killed  by  its  explosion.  It  should  be  remembered  that  portable  engines, 
so  generally  used  for  agricultural  purposes,  do  not  always  receive  the  most  skilled 
attention,  and  it  is  the  more  important,  therefore,  that  their  equipment  should  be 
complete,  while  it  cannot  tend  to  promote  their  general  use  to  allow  them  to  earn 
a  character  for  being  dangerous.  All  well-appointed  stationary  boilers  have  a 
duplicate  safety-valve ;  while  frequently  one  of  them  is  of  dead-weight  construction, 
which  cannot  readily  be  disarranged  or  tampered  with,  and  there  seems  no  reason 
why  these  should  not  be  applied  to  boilers  of  the  portable  class  ;  while,  from  the 
reasons  already  given,  it  appears  specially  desirable  that  such  should  be  the  case. 

"This  explosion  must  be  added  to  the  number  of  those  that  would  have  been 
prevented  by  efficient  boiler  mountings." 


MONTHLY      NOTES. 


Kinsey's  Tank.  Engine. — In  our  notice  last  month  of  the  Smithfield  Club 
Show,  we  referred  to  an  excellent  little  horizontal  tank  engine,  exhibited  by  the 
maker,  Mr.  Henry  Kinsey,  of  the  Robin  Hood  Works,  Carrington  Bridge,  Notting- 
ham. The  accompanying  engraving,  taken  from  a  photograph  of  the  engine,  shows 
clearly  without  further  description  the  neat  and  compact  arrangement  of  the  parts. 


The  whole  is  contained  on  a  hollow  cast-iron  support,  which  serves  not  only  as  the 
bed-plate,  but  also  as  a  tank.  As  no  special  foundation  beyond  an  ordinarily  good 
floor  is  required  for  these  engines,  they  may  be  fitted  up  in  many  places  where 
other  makes  of  engines  would  be  altogether  inapplicable. 

Effects  Produced  by  the  Axial  Rotation  of  the  Earth. — A  writer  in 
the  Athenamm  cites  the  following  rather  noteworthy  observations — that  mountain 
ridges  in  a  north  and  south  direction  are  commonly  more  steep  on  the  east  than  on 
the  west  slope.  This  is  so  much  the  case  from  Corfu,  at  the  part  named,  through 
Cephalonia  and  on  the  east  side  of  Zante,  that  it  would  seem  to  arise  from  some 
general  cause.  The  same  will  be  observed  on  the  west  coasts  of  Hindostan  and 
South  America.  In  North  America  a  section  of  the  Rocky  Mountains  presents  the 
appearance  of  the  edge  of  a  saw,  the  steepest  slopes  being  to  the  west.  These 
elevations  may  be  referred  to  the  fifth  tertiary  elevation  of  M.  Elie  de  Beaumont's 
system  of  Tenure,  and  their  peculiar  form  may  be  ascribed  to  the  motion  of  the 
earth  projecting  the  west  sides,  adjoining  the  spots  where  the  fractures  occurred, 
to  the  greater  height  from  which  they  did  not  return  to  their  original  positions,  but 
remained  as  ridges  with  the  steepest  inclines  to  the  west.  This  would  have  been 
more  certainly  the  result  had  the  disruption  arisen  from  a  sudden  collapse  or 
shrinking  of  the  solid  substance  of  the  earth.  Should  this  surmise  be  correct,  a 
close  examination  of  the  other  mountain  ranges  from  which  M.  de  Beaumont  draws 
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Lis  deductions  might  show  that  the  poles  of  the  earth  have  varied  in  their  sites, 
and  that  they  were  at  one  time  nearly  in  the  direction  that  we  now  know  as  east 
and  west,  which  would  explain  the  phenomena  of  a  glacial  period  without  a 
necessity  for  that  hypothesis;  e.g.  the  existence  of  elephants  in  Siberia.  Not 
having  seen  it  stated  anywhere,  it  may  perhaps  here  be  mentioned  that  the  valley 
of  the  Conon,  Ross-shire,  exhibits  traces  of  glacier  action,  the  limestone  rocks  in 
many  places  bearing  the  appearance  of  roches  moutonnees,  with  large  blocks  of 
stone  scattered  about  in  other  parts  that,  from  their  position,  must  have  been 
transported.  But  the  locality  has  been  much  broken  up  since  this  took  place, 
especially  in  the  neighbourhood  of  the  falls. 

Improved  Grate  for  Steam  Boilers. — This  engraving  is  a  representation 
of  a  new  grate  for  sleam  boilers  and  other  purposes,  recently  invented  by  Eugen 
Langen,  of  Cologne,  Prussia.  We  are  informed  that  this  grate  is  now  preferred  to 
all  others  on  the  continent  of  Europe,  and  that  its  peculiar  characteristics  are 
fuunded  upon  the  happiest  application  of  the  theory  of  combustion.  With  this 
grate  the  fresh  coal  is  not  thrown  upon  the  burning  coal,  but  laid  under  it,  on  an 
inclined  plane,  formed  by  three  tiers  or  steps.  By  this  arrangement  the  fire  is 
never  cooled,  but  is  always  uniform,  and  the  grate  bars  are  never  overheated.  It  is 
also  asserted  that  heat  commonly  radiated  is  taken  up  by  the  fresh  fuel,  drying 
and  fitting  it  for  burning;  all  dampness  therein  is  evaporated  without  any  loss  of 
heat  in  front,  and  has  to  pass  as  steam  through  the  burning  surface,  where  it  is 
decomposed  into  its  elements.  And  further,  that  all  gases  emanating  from  the 
fresh  fuel  have  to  pass  through  the  burning  coal,  where  they  are  ignited,  and  all 
smoke  is  avoided.  The  construction  of  this  grate  allows  it  to  be  used  for  any  kind 
of  fuel — sawdust,  shavings,  bagasse,  cotton  seed,  peat,  brown  coal,  wood,  coal  dust 
mixed  with  coal  tar,  as  well  as  anthracite  coal  of  suitable  size.  Numerous 
certificates  of  most  respectable  industrial  establishments  confirm  an  economy  of  18 
to  30  per  cent,  of  coal,  a  perfect  consumption  of  smoke,  and  easy  labour  for  the 
stoker.  The  annexed  drawing  shows  its  construction,  which  is  an  inclined  plane  of 
about  28 ,J,  divided  into  three  parts  in  regard  to  the  feeding  and  the  access  of  air. 
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We  believe  we  recognize  therein  the  principal  cause  of  its  efficacy.  Coal  is  com- 
posed of  solid  carbon  (coke)  and  hydrocarbons  (gas).  The  latter  are  driven  off  on 
a  grate  exactly  as  in  a  retort,  and  rise,  mixed  with  carbonic  oxide,  carbonic  acid, 
nitrogen,  and  perhaps  some  unconsumed  air.  The  chemical  proportions  of  the 
hydrocarbons  tell  us  that  they  demand  for  complete  combustion  much  more  air 
than  the  solid  carbon,  and  if  this  shall  be  drawn  exclusively  from  the  lowest  part 
of  the  fire,  through  a  plain  grate,  it  will  at  times  be  either  insufficient,  or  such  a 
rapid  draft  must  be  created  as  will  drive  off  the  unconsumed  gases  altogether,  or  in 
part,  and  cool  the  fire  more  than  desirable.  Hence  practical  experience  has  always 
proved  that  the  access  of  a  limited  and  divided  quantity  of  fresh  air  into  the  fire- 
box, above  the  principal  mass  of  coal,  favours  combustion  and  increases  the  effect 
of  the  fire.  This  is  obtained  by  this  grate  in  the  most  simple  and  efficacious  way. 
Any  gas  or  carbonic  oxide  leaving  the  coal  of  one  tier,  or  the  last  principal  fire 
grate,  meets  the  air  entering  by  the  next  tier,  and  principally  that  by  the  highest, 
or  the  two  front  openings,  which  can  be  opened  more  or  less,  and  which  intermixes 
with  the  unconsumed  gases  over  the  whole  width  of  the  fire-box,  multiplying  their 
contact,  from  which  a  more  complete  and  intense  combustion  must  result,  and  this 
principally  directly  under  the  object  upon  which  the  heat  shall  act.  The  construc- 
tion and  dimensions  of  this  grate  can  and  probably  must  be  modified,  according  to 
the  fuel  to  be  used,  but  its  effect  must  always  be  the  same. — Scientific  American. 
Improvements  in-  Electro-Telegraphy.— It  is  stated  that  with  his 
improved  automatic  instrument,  when  properly  handled,  Professor  Wheatstone  can 
transmit  as  many  as  six  hundred  distinctly  legible  signs  or  symbols  per  minute. 


Thomson's  Patent  Steam  Boiler. — For  the  smaller  class  of  steam  boilers 
the  vertical  form  has  so  many  recommendations  that  attempts  are  constantly  being 
made  to  avail  of  their  great  economy  of  space,  cheapness  of  first  cost,  and 
other  advantages  which  that  kind  of  boiler  offers:  but  these  good  points  in  all  the 
vertical  boilers  hitherto  devised  have  been  accompanied  by  drawbacks  of  a  very 
serious  kind.  It  has  been  found  that  when  the  boiler  is  made  with  an  internal 
furnace,  and  a  mass  of  vertical  tubes,  leading  from  the  crown  of  the  furnace  to  the 
chimney,  two  kinds  of  mischief  speedily  show  themselves.  The  boiler  primes  exces- 
sively whenever  the  fire  is  urged,  and  the  tube  plate  burns  and  cracks  after  a  very 
short  use.  The  great  areas  both  of  fire  grate  and  heating  surface  which  can  be  got 
in  this  kind  of  boiler,  at  a  comparatively  low  cost,  constantly  tempt  inexperienced 
persons  to  make  them  ;  but  there  can  be  no  doubt  boilers  of  this  sort  are,  from  their 
great  liability  to  prime,  and  from  their  perishable  character,  utterly  condemned  by 
all  experienced  makers  and  users  of  steam  boilers.  Another  kind  of  vertical  boiler 
in  general  use  is  that  having  a  large  and  lofty  internal  furnace,  with  one  flue  lead- 
ing to  the  chimney.  From  the  very  small  heating  surface  presented  by  this  form 
of  boiler,  and  from  the  comparatively  large  open  channel  through  which  the  flame 
and  heated  gases  rush  direct  to  the  chimney  without  being  forced  into  actual  contact 
with  any  part  of  the  heating  surface,  it  is  very  inefficient  as  a  steam  producer,  and 
excessively  wasteful  in  fuel.  It  is,  however,  fairly  durable.  A  modification  of  this  form 
of  boiler  (which,  however,  is  only  applicable  to  the  large  sizes)  consists  iu  placing 
several  large  horizontal  tubes  across  the  furnace  above  the  fire,  which  plays  on  their 
external  surface.  These  tubes  are  an  improvement,  but  they  still  leave  much  of  the 
flame  and  heated  gases  free  to  rush  to  the  chimney  without  being  forced  into  con- 
tact with  any  part  of  the  heating  surfaces.  Cross  tubes  are  both  costly  to  make 
and  troublesome  to  fit  in  ;  they  are  also  liable  to  accumulate  deposits  inside,  and 
as  it  is  not  possible  to  clean  them  out  they  speedily  burn.  Thomson's  boiler,  of 
which  a  vertical  section  is  shown  in  the  accompanying  engraving,  combines  all 
the  good  points  of  the  vertical  boilers 
hitherto  in  use,  and  has,  in  addition,  its 
own  special  merits.  The  spherical  or 
cylindrical  generator,  B,  receives  the 
full  effect  of  the  flames,  which  impinge 
directly  on  it,  sticking  on  its  lower 
surface  with  a  great  rapidity,  and  then, 
without  losing  their  velocity,  they  are 
di -fleeted  against  the  sides  of  the  fur- 
nace. As  they  rush  past  the  narrow 
annular  space  at  c  c,  the  flames  and 
heated  gases  are  necessarily  brought 
into  actual  contact  with  the  sides  of 
the  fire-box  and  with  the  surface  of  the 
spherical  generator.  The  flames  and 
gases  are  forced  to  pass  in  a  thin  sheet 
through  this  narrow  passage,  and  are 
thus  enabled  and  compelled  to  give  off 
to  the  heating  surfaces  nearly  all  the 
heat  they  possess.  By  the  time  the  hot 
gases  have  reached  the  tube  plate  they 
will  have  parted  with  so  much  heat 
that  they  will  be  no  longer  hot  enough 
to  burn  it.  In  the  ordinary  vertical 
boiler  the  tube  plate  is  exposed,  not  only 
to  the  direct  action  of  the  flames  and 
hot  gases,  but  also  to  the  intense  heat 
radiating  from  the  incandescent  fuel, 
and,  at  the  same  time,  the  circulation 
of  the  water  over  the  tube  plate  is  exces- 
sively hampered  by  the  tubes  standing 
all  over  its  surface.  It  soon  burns  out, 
as  might  be  readily  expected.  In  this 
boiler  the  spherical  steam  generator,  b, 
is  interposed  between  the  fire  and  the 
tube  plate.  Its  shape  and  position  are 
both  specially  adapted  for  receiving  and 
transmitting  to  the  water  within,  the  full 

effect  of  the  fire  without,  while,  at  the  same  time,  it  leaves  for  the  tube  plate  ;n  ! 
tubes  only  that  moderate  amount  of  work  which  horizontal  tube  plates  and  vertical 
tubes  are  capable  of  doing  without  being  speedily  burnt  out.  The  rapid  circulation 
of  water  over  the  internal,  and  the  quick  rush  of  flame  and  hot  gases  over  the 
heating  surfaces  of  a  steam  boiler,  are  afike  essential  and  important  for  the  rapid 
generation  of  steam.  Any  hindrance  to  the  passage  of  flame  and  smoke  through  the 
flues  and  tubes  of  steam  boilers  is  easily  detected,  and  generally  not  difficult  to 
remedy;  but  the  movements  of  water  in  a  boiler  are  less  open  to  inspection,  and  a 
sluggish  and  entangled  circulation  is  no  doubt  the  most  frequent  cause  of  the  poor 
performances  and  short  lives  of  very  many  steam  boilers.  The  mischievous  effect 
of  a  coating  of  soot  in  a  tube  is  quite  well  known,  and  care  is  taken  to  remove 
accumulations  of  soot  and  ash  from  the  tubes  and  flues;  but  there  is  no  doubt 
many  steam  boilers  are  incapable  of  doing  their  full  work  from  the  constant  exist- 
ence of  an  internal  coating  of  steam,  which  in  one  sense  is  more  injurious  than  a 
coating  of  soot  outside.  A  layer  of  either  substance,  interposed  between  the  tire 
and  the  water,  will  equally  prevent  the  former  getting  at  the  latter,  but  the  soot 
has  at  least  the  advantage  of  protecting  the  iron  from  burning,  while  the  coating  of 
steam  leaves  the  iron  at  the  mercy  of  the  tire.  The  generator,  B,  presents  itself  to 
the  action  of  the  fire,  under  the  very  best  conditions  for  doing  the  maximum  of 
work  with  the  least  possible  injury  to  itself.  The  lower  part  of  the  sphere  is  close 
to  the  burning  fuel,  and  receives,  under  the  most  favourable  conditions,  both  the 
heat  radiating  from  the  burning  fuel,  and  the  direct  impact  of  the  flames. 
Externally  neither  soot  nor  ash  can  settle  on  any  part  of  the  generator,  b,  and  the 
water  within  circulates  with  a  rapidity  that  clears  the  internal  surface  from 
steam  as  quickly  as  it  is  generated.     The  spherical  form  gives  the  greatest  possible 
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strength,  and  is  entirely  free  from  stays,  ■which,  in  the  case  of  square  and  flat  sided 
fire-boxes,  such  as  in  ordinary  locomotives,  hamper  and  hinder  to  a  very  great 
extent  the  circulation  of  the  water.  There  can  be  no  question  that  the  lower  sur- 
face of  the  sphere,  b,  receives  the  full  effect  of  the  fuel,  both  by  radiation  and  by 
the  impact  of  the  flames,  in  a  manner  more  conducive  to  the  rapid  and  economical 
formation  of  steam  than  any  other  shape  of  fire-box  which  has  as  yet  been  pro- 
posed; while,  at  the  same  time,  it  is  the  strongest  possible  form.  The  circulation 
of  the  water  in  the  steam  generator,  b,  effectually  prevents  the  settlement  of  mud 
or  any  other  sediment  within  it.  Every  kind  of  sediment  is  tossed  out  of  the 
generator  b,  and  finds  a  resting-place  only  in  the  water  space  below  the  level  of 
the  fire-bars,  from  whence  it  can  be  removed,  from  time  to  time,  through  mud 
holes.  It  is  found,  from  actual  trials,  that  the  lower  surface  of  the  generator, 
B,  maintains  a  cleaner  surface,  internally  and  externally,  than  any  other  part  of  the 
boiler,  and  therefore  is  not  only  in  the  highest  degree  efficient  as  a  steam  generating 
surface,  but  is  exempt  from  all  risk  of  burning.  The  superiority  of  the  surface 
presented  by  the  lower  part  of  the  generator,  B,  over  an  equal  surface  in  the 
crown  of  the  fire-box  of  a  common  locomotive  boiler,  with  which  it  corresponds 
in  position,  both  being  immediately  over  the  fire,  is  accounted  for  by  the  fact,  that 
in  the  case  of  Thomson's  boiler,  the  flames  and  hot  gases  (which  give  off  their 
heat  to  the  boiler  by  actual  contact  with  it)  impinge  with  great  rapidity  all  over 
the  lower  surface  of  the  generator,  b,  while  in  the  locomotive  boiler  they  do  not 
strike  the  crown  of  the  fire-box  at  all,  but  immediately  on  leaving  the  fire 
curve  off  in  a  horizontal  direction  into  the  tubes.  The  crown  of  a  locomotive 
fire-box,  doubtless,  forms  a  great  deal  of  steam,  but  it  depends  for  its  efficiency, 
mainly,  on  the  heat  radiating  from  the  incandescent  fuel.  In  Thomson's 
patent  boiler  the  lower  part  of  the  generator,  b,  has  the  benefit  of  the 
heat  radiating  from  the  burning  fuel  in  even  a  higher  degree  than  in  the 
locomotive  boiler,  because  it  lies  much  closer  to  the  fire,  and  the  generator, 
has  the  still  more  beneficial  action  of  the  fire  blowing  on  it,  a  source  of  efficiency 
entirely  wanting  in  the  locomotive  boiler.  Unless  this  difference  is  kept  in  view,  it 
would  be  quite  impossible  to  account  for  the  superior  performances  of  Thomson's 
boiler,  when  compared  with  locomotive  boilers  having  the  same  amount  of 
heating  surface.  The  opening  of  the  man-hole,  at  e,  exposes  to  view  the  whole 
interior  of  the  tubes,  tube  plates,  and  central  generator.  They  can  all  be  seen, 
cleaned,  and  repaired  without  any  difficulty,  and  without  pulling  any  part  of  the 
boiler  to  pieces.  The  great  importance  of  this  facility  will  be  fully  realized  by  those 
who  use  water  containing  mud,  lime,  or  salt.  For  working  ships'  winches,  evapor- 
ating salt  water  for  the  use  of  the  crew  and  passengers,  the  new  boiler  possesses 
several  advantages.  It  has  all  the  good  points  of  tubular  boilers  without  any  of 
their  disadvantages.  It  has  the  simplicity,  durability,  and  facility  for  cleaning  out 
and  repairing  of  bulky  boilers  without  tubes,  while,  at  the  same  time,  it  occupies 
less  room,  and  raises  more  steam  than  the  very  best  tubular  boilers  (having  the 
same  surface),  whether  those  boilers  are  vertical  or  of  the  ordinary  locomotive  shape. 
Lamp  Attachment. — This  engraving  represents  a  device,  designed  by  Mr  W. 
P.  Newhall,  of  New  York,  for  increasing  or  diminishing  the  flame  of  a  kerosene 

lamp  instantaneously.  It  is 
so  contrived,  that  by  touching 
a  lever  a  cap  or  hood  is  thrown 
over  the  wick  so  as  to  dimi- 
nish the  flame  and  the  light 
given  out  from  it.  Fig.  1 
represents  a  burner  with  its 
cone  or  deflector  turned  back, 
in  order  to  exhibit  the  attach- 
ment placed  on  the  wick  tube 
as  for  a  night  light.  To 
increase  the  light,  press  up- 
ward on  the  wire  lever,  which 
will  open  the  attachment,  as 
shown  in  Fig.  2,  and  uncover 
the  wick.  Fig.  2  represents 
a  rear  view  of  the  attach- 
ment, showing  the  clasp  with 
its  draft  holes,  the  hinged 
cap,  thrown  back  in  the  posi- 
tion for  a  full  light,  with  the 
aperture  in  the  top  of  the 
same,  and  the  wire  lever  for 
operating  the  hood  from  the  outside  of  the  burner.  This  attachment  is  a  simple, 
cheap,  and  substantial  auxiliary  to  the  kerosene  lamp,  and  can  be  instantly  placed 
on  any  style  of  burner.  It  is  not  complicated  or  liable  to  get  out  of  order,  consist- 
ing of  but  three  pieces  of  brass  firmly  fastened  together  in  a  neat  and  tasty  form. 
Those  who  have  given  it  a  trial  declare  they  could  not  now  dispense  with  it. — 
Scientific  American. 

Electrical  Locomotion.— It  is  reported  from  Vienna  that  Signor  Bonelli  is 
making  experiments  on  the  transmission  of  ponderable  articles  by  electricitv,  and 
has  succeeded  to  some  extent.  Hence  we  may  perhaps  live  to  see  realized  the  old 
wife's  notion  of  sending  small  parcels  by  telegraph.  Tims  a  writer  in  the  Athenamm 
has  it!  "We  fear,  however,  that  the  author  of  such  a  statement  can  understand 
bat  little  of  the  facts  of  electrical  science  if  he  supposes  that  such  a  mode  of  trans- 
mi--ion  can  ever  succeed  on  economical  principles. 

The  Planet  Mars. — Two  engraved  sheets,  containing  eight  views  of  the 
planet  Mars,  just  published  by  the  Astronomical  Society,  deserve  a  word  of  notice. 
They  are  intended  to  illustrate  a  paper  read  last  summer  by  the  Rev.  W.  R.  Dawes, 
in  which  the  observed  phenomena  of  Mars  were  ably  discussed;  and  they  markedly 
confirm  the  opinions  of  those  astronomers  who  hold  that  in  general  features  Mars 
resembles  our  earth.  There  are  the  appearances  of  large  breadths  of  land  and  water, 
of  bright  summits  and  polar  snows,  represented  at  such  intervals  of  time  as  to 
afford  means  of  study  and  comparison.  Apart  from  their  scientific  value,  these 
engravings  are  well  worth  attention  as  specimens  of  pictorial  astronomy.  They 
convey  to  the  popular  eye  some  notion  of  what  distinguished  observers  are  doing. 


Hion  Temperatures. — Some  very  remarkable  results  have  recently  been 
obtained  by  M.  Scblcesing,  in  the  production  of  exceedingly  high  temperatures  by 
the  combustion  of  gas  with  air.  By  regulating  the  quantity  of  hydrogen  and  air 
brought  together  at  the  time  of  combustion  a  considerable  range  of  temperature  can 
be  obtained,  the  highest  named  in  a  communication  recently  made  to  the  Acade'mie 
of  Sciences  of  Paris,  by  Sainte-Claire  Deville,  being  2736°  Cent.  By  taking 
hydrogen  obtained  by  the  decomposition  of  water,  and  causing  it  to  pass  over 
incandescent  charcoal  before  it  arrives  at  the  place  of  combustion,  where  it  is 
charged  with  the  requisite  quantity  of  air,  a  temperature  of  2870°  Cent,  was 
obtained.  It  is  proposed  to  apply  the  heat  thus  readily  obtained,  not  only  to  the 
operations  of  the  laboratory,  but  to  extend  it  to  the  foundry  and  the  workshop. 

Improved  Combination-pipe  Vice. — Gas-fitters,  plumbers,  and  metal  workers 
generally,  know  how  difficult  it  is  to  hold  a  pip^  in  a  common  vice  with  parallel 
jaws.  The  surfaces  in  contact 
are  so  small  that  the  pipe  is 
often  squeezed  flat,  somewhat, 
before  it  will  hold  at  all,  and  is 
always  a  source  of  annoyance. 
If  a  thread  has  to  be  cut  on  a 
large  pipe,  it  is  almost  impos- 
sible to  hold  it  without  jamming 
or  defacing  it.  The  same  is  true- 
where  a  pipe  has  to  be  cut  off. 
In  this  engraving  a  useful  modi- 
fication of  the  common  vice  is 
shown,  invented  by  Mr.  H.  B. 
Dart,  of  New  York.  It  is  simply 
a  set  of  dies,  a  and  b,  fastened 
to  the  vice  jaws  by  pins,  c,  and 
sliding  in  each  other.  By  this 
means  the  vice  can  be  used  either 
for  pipes  or  other  common  work. 
The  jaws  are  serrated,  as  shown, 
and  will  take  a  pipe  three  and  a  half  inches  in  diameter.  These  vices  can  be 
swung  around  in  any  direction,  being  attached  to  a  swivel  bolt,  as  shown  ;  they  are 
made   of  different  sizes. — Scientific  American. 

The  North  Atlantic  Telegraph. — This  project  has  been  again  revived, 
and  if  the  projectors  can  accomplish  their  purpose,  a  line  of  telegraph  will  be 
carried  from  Scotland  to  Denmark  and  Norway  ;  thence  to  Iceland,  Greenland, 
and  Labrador,  where  it  would  meet  with  extensions  of  the  lines  already  established 
in  North  America.  The  new  company  have  purchased  the  concessions  granted  to 
Colonel  Shaffner  and  other  persons  a  few  years  ago,  and  are  taking  active  measures 
towards  procuring  the  best  kind  of  under-sea  cable,  and  the  quickest  method  of 
transmitting  signals.  With  two  independent  cables  stretching  across  to  Denmark 
and  Norway,  there  would  be  an  important  advantage  in  case  of  disturbances  in 
Germany  ;  for  through  them  communication  could  still  be  maintained  with  the 
north  of  Europe,  and  by  connecting  with  the  Russian  wires  messages  might  be 
sent  to  China.  We  hear  that  in  Greenland  and  Labrador  the  Moravian  mission 
settlements  will  be  made- use  of  as  telegraph  stations. 

Washer  Cutter — Leather  washers,  or  rings  of  leather,  are  extensively  used 
in  the  arts,  and  also  for  domestic  purposes.  They  are  sometimes  applied  on  the 
axles  ofwagons,  between  the  wheel  and  the  shoulder; 
sometimes  used  for  joints  in  water  pipes,  and  in 
many  other  places  not  necessary  to  mention  in  detail. 
As  it  is  a  tedious  and  unsatisfactory  operation  to  cut 
many  washers  with  a  knife,  the  tool  shown  herewith, 
invented  by  Charles  A,  King  and  Otis  A.  Smith,  of 
Middletown,  Connecticut,  U.S.,  A.,  will  be  found  a 
valuable  substitute.  It  is  simply  constructed,  and  the 
engraving  explains  itself.  A  casting,  a,  is  furnished 
with  cutters,  b,  which  work  in  slots,  c.  These 
cutters  are  held  by  screws,  and  can  be  set  at  any 
point.  In  the  centre  of  the  casting  there  is  a  fixed 
point,  d,  which  is  also  capable  of  making  a  hole. 
This  tool  will  cut  out  a  ring  of  leather  of  any 
required  dimension  within  the  range  of  its  width  ; 
it  is  quickly  adjusted,  and  always  ready  for  use.  It 
is  also  convenient  for  joiners  and  pattern  makers 
to  cut  their  wood  into  circles  when  needed.  It  is  used  with  a  common  brace. — 
Scientific  American. 

Hardening  Iron. — M.  Gaudin,  the  eminent  French  chemist,  has  recently 
made  a  valuable  discovery  in  the  manufacture  of  iron.  He  finds  that  by  adding 
to  it  when  in  a  state  of  fusion  peroxide  of  manganese  and  phosphate  of  iron,  a 
degree  of  excessive  hardness  is  acquired,  which  makes  the  metal  under  some 
circumstances  of  considerably  increased  value. 

French  Fishery  Exhibition. — We  have  been  favoured  with  a  programme 
of  the  intended  exhibition,  which  is  to  be  open  at  Bonlogne-sur-Mer  from  the  1st 
of  August  to  the  loth  of  September  next.  The  scheme  will  include  all  things  and 
subjects,  however  minute,  relating  to  ocean  and  inland  sea,  to  river,  lake,  canal, 
and  pond  fisheries;  and  to  breeding  of  fishes  in  seas  and  rivers.  These  are  its 
broad  features,  but  there  is  scarcely  an  article  connected  either  directly  or  indirectly 
with  the  above  which  will  not  be  admissible.  Thus,  we  may  mention  fishing  crafts 
and  models,  rigging,  fishing  wells,  outfits  for  sailors,  materials,  tools,  utensils, 
machinery  used  in  fitting  out  of  crafts,  nets,  lines,  fish  hooks,  harpoons,  and  other 
fishing  tackle,  material  and  tools  used  in  their  manufacture,  tan  and  other  pre- 
serving substances  for  nets,  natural  and  artificial  baits,  apparatus  for  curing,  salting, 
preserving,  and  drying  fish;  salt,  samples  of  fish,  utensils  used  in  the  packing  and 
transmission  of  fish,  commercial  productions  from  fish,  the  direct  yield  of  fisheries, 
corals,  sponges,  shells,  pearls,  &c,  &c. ;  models  of  beds,  wattle  fences,  and  other 
contrivances  employed  in  fish  breeding.  It  may  be  seen  from  this  abstract  that 
the  range  of  the  exhibition  is  comprehensive  enough ;  but  it  extends  still  further. 
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for  it  will  embrace  special  works  and  publications  on  the  breeding  of  fish,  documents 
and  writings  of  all  kinds  intended  for  the  practical  instruction  -of  fishermen,  draw- 
ings, water-colour  paintings,  photographs,  plans,  and  other  productions  of  the  fine 
arts  relating  to  the  fisheries,  and  to  any  of  the  trades  supplied  therefrom. 

Italian  Meteorological  Service.  —  M.  Matteucci  is  charged  with  the 
organization  of  a  meteorological  service  in  Italy.  Eight  stations  have  been  chosen 
from  the  principal  ports  of  the  Peninsula — and  the  directors  of  these  are  to  transmit 
every  morning  by  telegraph,  to  the  central  office  in  Florence,  established  in  the 
Museum  of  Physics  and  Natural  History,  the  thermometric  and  barometric  varia- 
tions of  the  preceding  day,  and  the  indications  of  all  the  instruments  employed  at 
ihe  moment  when  the  despatch  is  transmitted.  M.  Matteucci  desires  the  friendly 
co-operation  of  other  countries,  and  hopes  to  aid  in  the  establishment  of  a  perfect 
European  system  of  meteorological  observations.  M.  Matteucci,  in  communicating 
this  to  the  French  Academy  of  Sciences,  states,  as  the  result  of  his  own  observations, 
that  the  tempests  coming  from  the  Atlantic,  and  which  reach  Europe  by  the  western 
coast  of  Ireland,  are  those  which  the  most  frequently  reach  the  Italian  ports  upon 
the  Mediterranean  and  on  the  Adriatic.  These  tempests,  frequent  in  winter,  but 
rd re  in  the  summer,  traverse  England,  a  part  of  France,  Switzerland  and  the  Alps, 
and  arrive  upon  the  coasts  of  Italy,  with  a  speed  of  propagation  varying  from 
20  kilometres  (about  six-tenths  of  an  English  mile)  to  100  kilometres  and  more 
per  hour.  It  will  be  interesting  to  learn  if  this  view  of  the  march  of  tempests  over 
Europe  is  confirmed  by  extended  accurate  observations. 


APPLICATIONS   FOR 

PROVISIONAL  PROTECTION  FOR  INVENTIONS 

UNDER  THE  PATENT  LAW  AMENDMENT  ACT. 

tfgg*  When  the  city  or  town  is  not  mentioned,  London  is  to  be  understood. 
8th  January,  1866. 

52  T.  Sagar,  G.  Keighley,  J.  Clegg.  and  T.  Richmond,  Burnley — Looms 

53  T.  J,  (Jtanchy,  Manchester— Collars  for  the  neck 

54  T.  W.  Roys,  New  York— Hoisting  tackle 

55  J.  Kerridge,  and  W.  Peverett,  Leiston  Works.  Saxmundham — Assorting  grain 

56  Archibald  Gibb,  Maryhill— Moulds  for  casting  in  metals 

57  James  Hodges,  Bagshot — Raising  and  treating  peat 

68  II.  N.  Penrice,  Witton  House,  Norwich — Forming  tunnels 
9th  January,  1866. 

59  H.  Moore  and  T.  Richmond,  Burnley — Looms  for  weaving 

60  Francis  Wise,  Westminster— Flasks. — A  com. 

61  William  S.  Guinness,  Cheapside— Sewing  machines 

62  Edmund  Perre\  Manchester — Obtaining  motive  power 

63  Thomas  Bradford,  Fleet  Street— Machines  for  washing 
6-1  Richard  A.  Brooman,  Fleet  Street — Washing  or  scouring 

65  John  H.  Johnson,  London— Cleansing  of  wool. — A  com. 

66  James  Skinner,  Glasgow— Preparing  albnmenized  paper 

67  James  M.  Macrum,  Knightsbridge — Breaks  for  railway  carriages, — A  com. 

68  William  D.  Grimshaw,  Birmingham— Wrench 

69  William  Anderson,  Kent — Extracting  liquor  from  macerated  fibres 

70  James  M.  Macrum,  Knightsbridge — Distilling  oils.—  A  com. 

71  W.  A.  Turner,  and  T.  T.  Coughin, — London — Lifting  and  lowering  goods 

72  Hiram  Hutchinson.  Paris— Manufacture  of  fabrics.— A  com. 

73  Alfred  Leighton,  Buckingham  Street — Printing 

10*ft  January,  1866. 

74  John  Sadler,  Birmingham — Nail  cutting  machine 

75  J.  Clunan  and  N.  Nightingale,  Bolton — Cutting  skins,  hides,  or  pelts 

76  Robert  Shaw,  Blantyre — Apparatus  for  regulating  temperature 

77  J.  Sampson,  C.  Sampson,  H.  Sampson,  and  A.  Lockwood,  Bradford— Woven  fabrics 

78  J.  Ireland,  Manchester,  and  S.  Da  vies  llollinwood — Weighing  machine 

79  Charles  Turner,  South  amp  t  ion — Brushing  the  hair 

80  E.  B.  Wilson,  Glasgow — Furnaces 

81  W.  E.  Newton,  Chancery  Lnnc — Scissors. — A  com. 

82  John  Clutton,  Fleet  Street — Wedges  or  quoins. — A  com. 

83  R.  A.  Brooman,  Fleet  Street — Purification  of  lamp  black. — A  com. 

84  R  A.  Brooman,  Fleet  Street— Bleaching  fibres  and  tissues,— A  com. 

85  R.  A.  Brooman,  Fleet  Street — Method  of  producing  oxygen. — A  com. 

86  George  Chetwynd,  Blackheath — Treatment  of  copper.  — A  com. 

S7  Christopher  O.  Papengouth,  Russell  Square— Constructing  ships.— A  com. 
SS  Joseph  Wace  Gray,  London — Manufacture  of  rice  starch 

89  William  Baines,  Soho,  Smethwick — Manufacture  of  signal  pillars 

l\th  January,  1S66. 

90  Henry  Dean,  Farcham— Plotting 

91  P.  A.  Batchelor,  London,  and  F.  Reddall,   Barnsbury — Retorts  and  settings 

92  T.  A.  Blakely,  Park  Lane,  and  J.  Vavasseur,  Southwark — Projectiles  for  breech- 

loading  rities 

93  J.  C.  Angus,  and  G.  Stuart,  Newcastle-on-Tyne— Apparatus  for  measuring  liquids 

94  Charles  Bartholomew,  Doncaster — Apparatus  used  in  getting  coal 

95  Robert  Mathers,  Leeds — Manufacture  of  tooth  wheels 

96  W.  A.  Rudling,  Poplar— Protecting  property 

97  Charles  Crump,  Yealmpton — Preparation  of  tetra-chloride  of  carbon 

98  Dennis  Hall,  Wharton— Construction  of  furnaces 

12th  January,  1866. 

99  William  Eassie,  Westminster— Pile  shoes 

100  Frederick  J.  King,  London— Preserving  potatoes 

101  Francis  Sutton.  Norwich— Treatment  of  sewage  and  urine 

102  William  J.  Walsh,  Brentwood — Cocks 

103  Josiah  T.  Smith,  Barrow-in-Furness — Moulds 

104  Alfred  II.  Hart,  London — Manufacture  of  fasteners 

105  W.  B.  Woodbury,  Surrey,  tind  George  Davies,  Serle  Street— Apparatus  for  finishing 

impressions 


Pierre  L.  Charon,  Brompton— Cooking  potatoes 

E.  Sutherland,  Stepney,  and  H.  Sutherland,  Limehouse— Fibre  fur  spinning.-  A  com 
James  M.  Napier,  Lambeth— Weighing  machines 

Robert  T.  Sutton,  Rochester,  U.S. — Dying  and  cleaning  grain 

13(ft  January,  1866. 
John  C.  Thompson,  Greenwich — Gas 
W.  Coniery,  and  H.  Webster,  Sneinton— Knitted  fabrics 
H.  A.  Dufrene,  Paris — Pressing  bricks. — A  com. 
W.  R.  Lake,  Chancery  Lane — Lamps. — A  com. 
W.  R.  Lake,  Chancery  Lane— Paper  for  covering  floors. — A  com. 
Norman  W.  Weeler,  Brooklyn,  U.S. — Condensing  steam 
Charles  N   Tyler,  Buffalo,  U.S.— Lamps 
C.  S.  Baker,  Loudon — Reaping  machines. — A  com. 

W.  Gadd,  Nottingham,  and  J.  Moore,  Manchester — Looms  for  weaving 
R.  A.  Brooman,  London — Spring  tops. — A  com. 
Henry  F.  Smith,  Manchester— Beds 

Brereton  Todd,    Newcastle-on-Tyne — Manufacture  of  arsenic 
C.  G.  Johnson,  Stockton— Making  bricks 
Henry  Gottheimer,  Hampstead  Koad— Protection  of  watches 
Alexander  Prince,  Trafalgar  Street — Preserving  timber  from  decay.— A  com. 

15tk  January,  1866. 
James  Harris,  Birmingham — Appliances  for  horses'  feet  in  frosty  weather 
John  Hamilton,  Tiretigan— Propelling  ships 
Thomas  Cornfield,  Chigwell—  Preventing  slip  from  wet  rails 
John  Irwin,  London — Railway  signals 
W.  Holdcroft  and  J.  Wood,  Tunstall— Self-acting  jiggers 
J.  Hooker,  Walton-on-Thames — Ammoniated  soap 

F.  Campbell,  and  W.  Burgess,  London— Tea  leaf 

A.  F,  Johnson,  Massachusetts— Machinery  for  sewing 

George  White,  London — Gas  burners. — A  com 

R.  A.  Brooman,  London — Looped  fabrics. — A  com. 

H.  E.  Newton,  Chancery  Lane— Commode  pans. — A  com. 

A.  V.  Newton,  Chancery  Lane — Electric  clocks. — A  com. 

Edward  M.  Boxer,  Woolwich — Cartridges 

Don  F.  Lecocq,  Montevideo — Preserving  animal  and  vegetable  substances 

Cornelius  Moriarty,  Greenwich — Tube  brushes 

Carl  II.  Roeckner,  Whitchurch — Paper 

16th  January,  1S66. 
M.  A.  Muir,  and  J.  Mcllwham,  Glasgow — Winding  apparatus 
J.  Bottom  and  W.  Bottom,  Sheffield — Handles  for  knives 
J.  Samwells  and  S.  Nye,  Dunstable — Washing  straw 
Marc  Klotz,  Paris— Toy  arms 
Stephen  Dummere,  Ealing — Mattresses 
George  Mellor,  York— Manufacture  of  nails 
W.  C.  Mann,  Leeds — Making  felt  hats 

R.  Cherry,  E.  Crossley,  and  W.  Bower,  Halifax — Construction  of  steam  boilers 
William  Lyne,  Sandhurst— Preventing  accidents  on  railways 
James  Stephens,  Northampton  Road — Construction  of  blowers 
Michael  Henry,  London — Printing  woven  fabrics. — A  com. 

17th  January,  1866. 
Wilson  Ager,  Chancery  Lane — Breech-loading  fire  arms 
M.  Allies,  Islington — Fastenings  for  shirt  studs 
Francis  Preston,  Manchester — Manufacture  of  steel  and  iron 
C.  J.  Croudace  and  J.  Field,  Durham — Fire  bricks 
J.  Kennedy,  and  R.  Stanley,  Hulme — Railway  breaks 
Thomas  Allen,  Clifton — Bedsteads 
John  Banfill,  Frederick's  Place— Coal  scuttle 
John  Wyld  and  J.  Kershaw,  Burnley — Leashes 

E.  Feather,  T.  Feather,  and  J.  Luty,  Oxenhope— Cap  and  cup  frames 
Edward  Cottam,  Battersea—  Hydraulic  presses 
Mark  F.  Anderson,  Coventry — Refining  sugar 
J.  L.  Norton,  and  F.  L.  H.  W.  Biinger,  London — Condensed  steam 
H.  Abenheim,  E  Abenheim,  and  L.  Abenheim,  Red  Lion  Square— Watches.— A  com. 

18th  January,  1866. 
C.  Varley  and  S.  A.  Varley,  Middlesex— Telegraph  apparatus 
Daniel  Adamson,  Hyde— Steam  boilers 
Henry  Ashworth,  Walsden — Steam  engines 
George  Spencer,  London — India  rubber  springs 
William  Hibbert,  Manchester — Chemical  matters 
James  Williams,  Chester — Handwriting 
Frederick  Cole,  Maryleboue— Lithographic  presses 

19th  January,  1866. 
William  Sumner,  Manchester — Metal  tubes 
Joseph  A.  Nicholson,  London — Surfaces  of  vessels 
Alfred  Bennett,  Birmingham — Fans 

J.  Shekleton  and  J.  W.  Gibson,  Dundalk— Pumping  engines 
Sampsom  Langdale,  Newcastle-upon-Tyne— Feeding  cake  for  cattle 
Richard  Clark,  Pinner — Rolling  stock 
A.  V.  Newton,  Chancery  Lane— Spinning  yarn. — A  com. 
Michael  Jackson,  Curtain  Road— Umbrellas 
William  Parsons,  Brighton — Blinds  for  windows 
William  Clark,  Chancery  Lane — Motive  power.— A  com. 

20th  January,  1866. 
Reinhold  E.  Kaulbach,  St.  John's  Wood— Wheels 
Henry  Dean  and  G.  A.  Wheeler,  Fareham — Pen-holders 

G.  Tanner  and  G.  Parkes,  Lambeth— Stage  illusions 

William  Biinger,  Southampton  Buildings— Gas  burners.— A  com. 

George  T.  Bousfield,  Brixton— Imiiation  of  wood 

James  McClenahan,  Belfast — Studs  and  buttons 

W.  E.  Newton,  Chancery  Lane— Hat  bodies. — A  com. 

William  E.  Gedge,  Chancery  Lane — Confectionery  .—A  com. 

William  E.  Gedge,  Chancery  Lane— Graving  dock. — A  com. 

Adolphe  F.  Mineur,  Treguier— Natural  manure 

J.  B.  Sbillcock,  Bromley — Leech  vases 

Alexander  Bryson,  Edinburgh — Catching  fish 

W.  K.  Hall,  Sheerness — Steam  boilers 

Thomas  Hutton,  Derby  Bank— Submarine  telegraph  cables 

William  Thomas,  Dudley — Moulds 


PRIN'TKD    DVT   WILLIAM   MACKENZIE,  45  AND    47    HOWARD    STREET,  GLASGOW. 
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